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and code which may consist of a simple statement or a set of statements collected together 
into a function or procedure:

real function innerProduct(p1, p2)
real p1(3),p2(3)
innerProduct = p1(1)*p2(1) + p1(2)*p2(2) + p1(3)*p2(3)
end

Thus the physical and mathematical quantities map to data and the algorithms map to a 
collection of functions.

A priori, we see no reason why moving to a language which supports the idea of objects, such 
as C++, should change the way we think of doing physics analysis. Thus the idea of having 
essentially mathematical objects such as vectors, points etc. and these being distinct from the 
more complex beasts which manipulate them, e.g. fitting algorithms etc. is still valid. This is 
the reason why the Gaudi application framework makes a clear distinction between “data” 
objects and “algorithm” objects.

Anything which has as its origin a concept such as hit, point, vector, trajectory, i.e. a clear 
“quantity-like” entity should be implemented by deriving a class from the DataObject base 
class. 

On the other hand anything which is essentially a “procedure”, i.e. a set of rules for 
performing transformations on more data-like objects, or for creating new data-like objects 
should be designed as a class derived from the Algorithm base class.

Further more you should not have objects derived from DataObject performing long 
complex algorithmic procedures. The intention is that these objects are “small”.

Tracks which fit themselves are of course possible: you could have a constructor which took a 
list of hits as a parameter; but they are silly. Every track object would now have to contain all 
of the parameters used to perform the track fit, making it far from a simple object. 
Track-fitting is an algorithmic procedure; a track is probably best represented by a point and a 
vector, or perhaps a set of points and vectors. They are different.

2.4  Main components

The principle functionality of an algorithm is to take input data, manipulate it and produce 
new output data. Figure 2.2 shows how a concrete algorithm object interacts with the rest of 
the application framework to achieve this. 

The figure shows the four main services that algorithm objects use:

• The event data store

• The detector data store

• The histogram service

• The message service
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p
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ui
de

C
ha

pt
er

 4
  G

et
tin

g 
st

ar
te

d 
V

er
si

on
/Is

su
e:

9/
0

d
ep

en
d

en
t p

er
si

st
en

t r
ep

re
se

nt
at

io
n,

 to
 th

e 
te

ch
no

lo
gy

 in
d

ep
en

d
en

t r
ep

re
se

nt
at

io
n 

in
 th

e 
tr

an
si

en
t d

at
a 

st
or

e.

In
 o

rd
er

 to
 s

et
 u

p
 th

is
 m

ec
ha

ni
sm

, o
ne

 n
ee

d
s 

a 
nu

m
be

r 
of

 jo
b 

op
ti

on
s:

—
Li

n
e 

14
 d

ef
in

es
 th

e 
in

p
ut

 d
at

a 
fi

le
, a

nd
 th

e 
pe

rs
is

te
nc

y 
te

ch
no

lo
gy

 (R
O

O
T

 I/
O

 in
 th

is
 

ex
am

p
le

).

—
Li

n
e 

6 
te

lls
 th

e 
ap

p
lic

at
io

n 
m

an
ag

er
 to

 c
re

at
e 

a 
n

ew
 e

ve
nt

 c
on

ve
rs

io
n 

se
rv

ic
e,

 to
 b

e 
ca

lle
d

 R
o
o
t
E
v
t
C
n
v
S
v
c

. N
ot

e 
th

at
 th

is
 is

 ju
st

 a
 n

am
e 

fo
r 

ou
r 

co
nv

en
ie

nc
e,

 th
e 

se
rv

ic
e 

is
 o

f t
yp

e 
D
b
E
v
e
n
t
C
n
v
S
v
c

 a
nd

 d
oe

s 
no

t (
ye

t)
 k

no
w

 th
at

 it
 w

ill
 d

ea
l w

it
h

 R
O

O
T

 
te

ch
no

lo
gy

. T
he

 c
on

fi
gu

ra
ti

on
 o

f R
o
o
t
E
v
t
C
n
v
S
v
c

 to
 u

se
 th

e 
R

O
O

T
 I

/O
 te

ch
no

lo
gy

 
is

 d
on

e 
in

 li
ne

 2
2.

—
Li

n
e 
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 te

lls
 th

e 
ev

en
t p

er
si

st
en

cy
 s

er
vi

ce
 (E

v
e
n
t
P
e
r
s
i
s
t
e
n
c
y
S
v
c

 c
re

at
ed

 b
y 

th
e 

ap
p

lic
at

io
n 

m
an

ag
er

 b
y 

d
ef

au
lt

) t
o 

u
se

 th
e 
R
o
o
t
E
v
t
C
n
v
S
v
c

 to
 d

o 
th

e 
co

nv
er

si
on

 
be

tw
ee

n 
pe

rs
is

te
nt

 a
nd

 tr
an

si
en

t d
at

a 
re

p
re

se
nt

at
io

ns
.

—
Li

n
e 

5 
te

lls
 th

e 
ap

p
lic

at
io

n 
m

an
ag

er
 w

hi
ch

 a
d

d
it

io
n

al
 li

br
ar

ie
s 

to
 lo

ad
 in

 o
rd

er
 to

 fi
nd

 
th

e 
re

qu
ir

ed
 c

on
ve

rs
io

n 
se

rv
ic

e.
 I

n 
th

is
 e

xa
m

p
le

, t
he

 G
a
u
d
i
D
b

 li
br

ar
y 

co
nt

ai
ns

 th
e 

D
b
E
v
e
n
t
C
n
v
S
v
c

 c
la

ss
, t

he
 G
a
u
d
i
R
o
o
t
D
b

 li
br

ar
y 

co
nt

ai
ns

 th
e 

R
O

O
T

 s
p

ec
if

ic
 

da
ta

ba
se

 d
ri

ve
rs

.

—
Fi

na
lly

, t
he

 o
p

ti
on

s 
on

 li
ne

s 
15

 a
nd

 1
6 

te
ll 

th
e 
E
v
e
n
t
S
e
l
e
c
t
o
r

 to
 s

ta
rt

 r
ea

d
in

g 
se

qu
en

ti
al

ly
 fr

om
 th

e 
fi

rs
t e

ve
nt

 in
 th

e 
fi

le
, f

or
 f

iv
e 

ev
en

ts
.

In
 th

e 
sp

ec
ia

l c
as

e 
w

he
re

 n
o 

ev
en

t i
np

u
t i

s 
re

qu
ir

ed
 (e

.g
. f

or
 e

ve
nt

 g
en

er
at

io
n)

, o
ne

 c
an

 re
p

la
ce

 
th

e 
ab

ov
e 

op
ti

on
s 

by
 th

e 
tw

o 
op

ti
on

s:
 

A
p
p
l
i
c
a
t
i
o
n
M
g
r
.
E
v
t
M
a
x
 
=
 
2
0
;
 
 
 
/
/
 
e
v
e
n
t
s
 
t
o
 
b
e
 
p
r
o
c
e
s
s
e
d
 
(
d
e
f
a
u
l
t
 
i
s
 
1
0
)

A
p
p
l
i
c
a
t
i
o
n
M
g
r
.
E
v
t
S
e
l
 
=
 
"
N
O
N
E
"
;
 
/
/
 
d
o
 
n
o
t
 
u
s
e
 
a
n
y
 
e
v
e
n
t
 
i
n
p
u
t

A
 d

is
cu

ss
io

n 
of

 e
ve

nt
 I/

O
 c

an
 b

e 
fo

u
nd

 in
 C

ha
p

te
r 

10
. C

on
ve

rt
er

s 
an

d
 th

e 
co

nv
er

si
on

 p
ro

ce
ss

 
ar

e 
d

es
cr

ib
ed

 in
 C

ha
p

te
r 

13
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4.
4.

3 
D

ef
in

in
g

 jo
b

 o
u

tp
u

t

O
ne

 c
an

 c
on

si
d

er
 th

re
e 

ty
pe

s 
of

 jo
b 

ou
tp

ut
: e

ve
nt

 d
at

a 
(i

nc
lu

d
in

g 
ev

en
t c

ol
le

ct
io

ns
 a

nd
 

n-
tu

p
le

s)
, s

ta
ti

st
ic

al
 d

at
a 

(h
is

to
gr

am
s)

 a
nd

 p
ri

n
to

ut
. H

er
e 

w
e 

d
is

cu
ss

 o
nl

y 
th

e 
si

m
p

le
st

 
(p

ri
nt

ou
t)

; h
is

to
gr

am
s 

ar
e 

d
is

cu
ss

ed
 in

 C
ha

p
te

r 
9,

 e
ve

n
t d

at
a 

in
 S

ec
ti

on
6.

10
.1

, e
ve

nt
 

co
lle

ct
io

ns
 in

 S
ec

ti
on

10
.3

.1
.

P
ri

nt
ou

t i
n 

G
au

d
i i

s 
ha

nd
le

d
 b

y 
th

e 
m

es
sa

ge
 s

er
vi

ce
 (d

es
cr

ib
ed

 in
 C

ha
p

te
r 

11
), 

w
hi

ch
 a

ll
ow

s 
to

 c
on

tr
ol

 th
e 

am
ou

nt
 o

f p
ri

nt
ou

t a
cc

or
d

in
g 

to
 s

ev
er

it
y 

le
ve

l. 
T

he
 g

lo
ba

l t
hr

es
ho

ld
 fo

r 
pr

in
to

ut
 

is
 s

et
 b

y 
th

e 
op

ti
on

 o
n

 li
ne

 1
0 

- i
n

 th
is

 e
xa

m
p

le
 o

nl
y 

m
es

sa
ge

s 
of

 s
ev

er
it

y 
le

ve
l W
A
R
N
I
N
G

 o
r 

ab
ov

e 
w

ill
 b

e 
pr

in
te

d.
 T

hi
s 

ca
n 

be
 o

ve
r-

ri
d

d
en

 fo
r 

in
d

iv
id

u
al

 a
lg

or
it

hm
s 

or
 s

er
vi

ce
s,

 a
s 

in
 

lin
e

11
, w

he
re

 th
e 

th
re

sh
ol

d
 fo

r 
E
v
e
n
t
S
e
l
e
c
t
o
r

 is
 s

et
 to

 D
E
B
U
G

.
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0

p
ag

e 
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0
 

  

4.
5 

 A
lg

o
ri

th
m

s

T
he

 s
ub

je
ct

 o
f s

p
ec

ia
lis

in
g 

th
e 

A
lg

or
it

h
m

 b
as

e 
cl

as
s 

to
 d

o 
so

m
et

hi
ng

 u
se

fu
l w

ill
 b

e 
co

ve
re

d
 in

 
d

et
ai

l i
n 

C
ha

p
te

r 
5.

 H
er

e 
w

e 
w

ill
 li

m
it

 o
u

rs
el

ve
s 

to
 lo

ok
in

g 
at

 a
n 

ex
am

pl
e 

 H
e
l
l
o
W
o
r
l
d

 c
la

ss
.

4.
5.

1 
T

h
e 
H
e
l
l
o
W
o
r
l
d
.
h

 h
ea

d
er

 f
ile

T
he

 H
e
l
l
o
W
o
r
l
d
 

cl
as

s 
d

ef
in

it
io

n 
is

 s
ho

w
n 

in
 L

is
ti

ng
 4
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N
ot

e 
th

e 
fo

llo
w

in
g:

•
Th

e 
cl

as
s 

is
 d

er
iv

ed
 fr

om
 th

e 
A

lg
or

it
hm

 b
as

e 
cl

as
s 

as
 m

u
st

 b
e 

al
l s

p
ec

ia
lis

ed
 

al
go

ri
th

m
 c

la
ss

es
. T

hi
s 

im
pl

ie
s 

th
at

 th
e 
A
l
g
o
r
i
t
h
m
.
h

 fi
le

 m
u

st
 b

e 
in

cl
u

d
ed

 (l
in

e 
6)

.

•
A

ll 
de

ri
ve

d 
al

go
ri

th
m

 c
la

ss
es

 m
us

t p
ro

vi
d

e 
a 

co
ns

tr
u

ct
or

 w
it

h 
th

e 
pa

ra
m

et
er

s 
sh

ow
n 

in
 li

ne
 9

. T
he

 fi
rs

t p
ar

am
et

er
 is

 th
e 

na
m

e 
of

 th
e 

al
go

ri
th

m
 a

nd
 is

 u
se

d
 a

m
on

gs
t o

th
er

 
th

in
gs

 to
 lo

ca
te

 a
ny

 o
pt

io
ns

 th
at

 m
ay

 h
av

e 
be

en
 s

pe
ci

fi
ed

 in
 th

e 
jo

b 
op

ti
on

s 
fi

le
.

•
Th

e 
H
i
s
t
o
A
l
g
o
r
i
t
h
m

 c
la

ss
 h

as
 th

re
e 

(p
ri

va
te

) 
da

ta
 m

em
be

rs
, d

ef
in

ed
 in

 li
ne

s 
18

 to
 

20
. T

he
se

 a
re

 p
ro

pe
rt

ie
s 

th
at

 c
an

 b
e 

se
t v

ia
 th

e 
jo

b 
op

ti
on

s 
fi

le
.

•
Th

e 
th

re
e 

m
et

ho
ds

 o
n 

lin
es

 1
2 

to
 1

4 
m

u
st

 b
e 

im
p

le
m

en
te

d
, s

in
ce

 th
ey

 a
re

 p
u

re
 v

ir
tu

al
 

in
 th

e 
ba

se
 c

la
ss

.
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T
he

 h
e
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er

 fi
le

 o
f 

th
e

 c
la

ss
: H
e
l
l
o
W
o
r
l
d
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/
/
 
I
n
c
l
u
d
e
 
f
i
l
e
s

2
:

#
i
n
c
l
u
d
e
 
"
G
a
u
d
i
K
e
r
n
e
l
/
A
l
g
o
r
i
t
h
m
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h
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/
/
 
R
e
q
u
i
r
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r
 
i
n
h
e
r
i
t
a
n
c
e

3
:

#
i
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c
l
u
d
e
 
"
G
a
u
d
i
K
e
r
n
e
l
/
P
r
o
p
e
r
t
y
.
h
"

4
:

#
i
n
c
l
u
d
e
 
"
G
a
u
d
i
K
e
r
n
e
l
/
M
s
g
S
t
r
e
a
m
.
h
"

5
:

6
:

c
l
a
s
s
 
H
e
l
l
o
W
o
r
l
d
 
:
 
p
u
b
l
i
c
 
A
l
g
o
r
i
t
h
m
 
{

7
:

p
u
b
l
i
c
:

8
:

 
 
/
/
/
 
C
o
n
s
t
r
u
c
t
o
r
 
o
f
 
t
h
i
s
 
f
o
r
m
 
m
u
s
t
 
b
e
 
p
r
o
v
i
d
e
d

9
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H
e
l
l
o
W
o
r
l
d
(
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
n
a
m
e
,
 
I
S
v
c
L
o
c
a
t
o
r
*
 
p
S
v
c
L
o
c
a
t
o
r
)
;
 

1
0
:

1
1
:

 
 
/
/
/
 
T
h
r
e
e
 
m
a
n
d
a
t
o
r
y
 
m
e
m
b
e
r
 
f
u
n
c
t
i
o
n
s
 
o
f
 
a
n
y
 
a
l
g
o
r
i
t
h
m

1
2
:

 
 
S
t
a
t
u
s
C
o
d
e
 
i
n
i
t
i
a
l
i
z
e
(
)
;

1
3
:

 
 
S
t
a
t
u
s
C
o
d
e
 
e
x
e
c
u
t
e
(
)
;

1
4
:

 
 
S
t
a
t
u
s
C
o
d
e
 
f
i
n
a
l
i
z
e
(
)
;

1
5
:

p
r
i
v
a
t
e
:

1
6
:

 
 
/
/
/
 
T
h
e
s
e
 
d
a
t
a
 
m
e
m
b
e
r
s
 
a
r
e
 
u
s
e
d
 
i
n
 
t
h
e
 
e
x
e
c
u
t
i
o
n
 
o
f
 
t
h
i
s
 
a
l
g
o
r
i
t
h
m

1
7
:

 
 
/
/
/
 
a
n
d
 
a
r
e
 
s
e
t
 
i
n
 
t
h
e
 
i
n
i
t
i
a
l
i
s
a
t
i
o
n
 
p
h
a
s
e
 
b
y
 
t
h
e
 
j
o
b
 
o
p
t
i
o
n
s
 
s
e
r
v
i
c
e

1
8
:

 
 
i
n
t
 
 
 
 
 
 
 
 
 
m
_
i
n
t
;

1
9
:

 
 
d
o
u
b
l
e
 
 
 
 
 
 
m
_
d
o
u
b
l
e
;

2
0
:

 
 
s
t
d
:
:
s
t
r
i
n
g
 
m
_
s
t
r
i
n
g
;

2
1
:

}
;
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de

C
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er

 4
  G
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V
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4.
5.

2 
T

h
e 
H
e
l
l
o
W
o
r
l
d
 
im

p
le

m
en

ta
ti

o
n

 f
ile

T
he

 im
pl

em
en

ta
ti

on
 f

ile
 c

on
ta

in
s 

th
e 

ac
tu

al
 c

od
e 

fo
r 

th
e 

co
ns

tr
u

ct
or

 a
nd

 fo
r 

th
e 

m
et

ho
d

s:
 

i
n
i
t
i
a
l
i
z
e
(
)

, e
x
e
c
u
t
e
(
)

 a
nd

 f
i
n
a
l
i
z
e
(
)

. I
t a

ls
o 

co
nt

ai
ns

 tw
o 

lin
es

 o
f c

od
e 

fo
r 

th
e 

H
e
l
l
o
W
o
r
l
d

 fa
ct

or
y,

 w
h

ic
h 

w
e 

w
ill

 d
is

cu
ss

 in
 s

ec
ti

on
 5

.3
.1

T
h

e 
co

n
st

ru
ct

o
r 

 m
us

t c
al

l t
he

 b
as

e 
cl

as
s 

co
ns

tr
uc

to
r, 

p
as

si
n

g 
on

 it
s 

tw
o 

ar
gu

m
en

ts
. A

s 
u

su
al

, 
m

em
be

r 
va

ri
ab

le
s 

sh
ou

ld
 b

e 
in

it
ia

lis
ed

. H
er

e 
w

e 
d

ec
la

re
 a

n
d 

in
it

ia
lis

e 
th

e 
m

em
be

r 
va

ri
ab

le
s 

th
at

 w
e 

w
is

h 
to

 b
e 

se
t b

y 
th

e 
jo

b 
op

ti
on

s 
se

rv
ic

e.
 T

hi
s 

is
 d

on
e 

by
 c

al
lin

g 
th

e 
d
e
c
l
a
r
e
P
r
o
p
e
r
t
y
(
)

 m
et

ho
d

.

In
it

ia
lis

at
io

n
   

T
he

 a
pp

lic
at

io
n 

m
an

ag
er

 in
vo

ke
s 

th
e 
s
y
s
I
n
i
t
i
a
l
i
z
e
(
)

 m
et

ho
d

 o
f t

he
 

al
go

ri
th

m
 b

as
e 

cl
as

s 
w

hi
ch

, i
n 

tu
rn

, i
n

vo
ke

s 
th

e 
i
n
i
t
i
a
l
i
z
e
(
)

 m
et

ho
d

 o
f t

he
 b

as
e 

cl
as

s,
 th

e 
s
e
t
P
r
o
p
e
r
t
i
e
s
(
)

 m
et

h
od

, a
nd

 fi
na

lly
 th

e 
i
n
i
t
i
a
l
i
z
e
(
)

 m
et

ho
d

 o
f t

he
 c

on
cr

et
e 

al
go

ri
th

m
 c

la
ss

. A
s 

a 
co

ns
eq

u
en

ce
 a

ll 
of

 a
n 

al
go

ri
th

m
’s

 p
ro

pe
rt

ie
s 

w
ill

 h
av

e 
be

en
 s

et
 b

ef
or

e 
it

s 
i
n
i
t
i
a
l
i
z
e
(
)

 m
et

ho
d

 is
 in

vo
ke

d
, a

nd
 a

ll 
of

 th
e 

st
an

d
ar

d
 s

er
vi

ce
s 

su
ch

 a
s 

th
e 

m
es

sa
ge

 
se

rv
ic

e 
ar

e 
av

ai
la

bl
e.

 T
hi

s 
is

 d
is

cu
ss

ed
 in

 m
or

e 
d

et
ai

l i
n 

C
ha

p
te

r 
5.

L
oo

ki
ng

 a
t t

he
 c

od
e 

in
 th

e 
ex

am
p

le
 (L

is
ti

ng
 4

.4
) w

e 
se

e 
th

at
 w

e 
ar

e 
no

w
 a

bl
e 

to
 p

ri
nt

 o
u

t t
he

 
va

lu
es

 o
f t

he
 a

lg
or

it
hm

’s
 p

ro
pe

rt
ie

s,
 u

si
ng

 th
e 

m
es

sa
ge

 s
er

vi
ce

 a
nd

 th
e 
M
s
g
S
t
r
e
a
m

 u
ti

lit
y 

cl
as

s.
 A

 lo
ca

l M
s
g
S
t
r
e
a
m

 o
bj

ec
t i

s 
cr

ea
te

d
 (l

in
e 

3)
, w

hi
ch

 u
se
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. T

he
 A

lg
or

it
hm

 w
ill

 r
et

ri
ev

e 
th

e 
p

ar
ti

cl
e 

G
ea

n
t3

 I
D

 fr
om

 th
e 

P
a
r
t
i
c
l
e
P
r
o
p
e
r
t
y
S
v
c

 (t
he

 id
en

ti
fy

in
g 

p
ar

ti
cl

eI
D

 in
 M
C
P
a
r
t
i
c
l
e
s

) a
nd

 s
ea

rc
h 

th
e 

M
C
P
a
r
t
i
c
l
e
s

 to
 fi

nd
 th

e 
re

qu
es

te
d

 p
ar

en
t a

nd
 th

at
 is

 h
as

 th
e 

co
rr

ec
t t

yp
e 

an
d

 n
u

m
be

r 
of

 
d

ec
ay

 p
ro

d
uc

ts
. I

f 
a 

d
ec

ay
 is

 fo
un

d 
ki

ne
m

at
ic

 v
ar

ia
bl

es
 a

re
 s

to
re

d
 in

 a
n 

nt
up

le
 th

at
 c

an
 b

e 
ac

ce
ss

ed
 b

y 
PA

W
. I

n 
ad

d
it

io
n

 th
e 

A
lg

or
it

hm
 u

se
s 

th
e 

M
es

sa
ge

 s
er

vi
ce

 w
it

h 
D

E
B

U
G

 o
r 

IN
FO

 
le

ve
ls

 to
 p

ri
n

t a
 s

u
m

m
ar

y 
of

 it
s 

be
ha

vi
ou

r 
fo

r 
ea

ch
 e

ve
nt

 a
s 

w
el

l a
s 

fo
r 

th
e 

jo
b.



 
p

ag
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0

C
h

ap
te

r 
5 

 

W
ri

ti
n

g
 a

lg
o

ri
th

m
s

5.
1 

 O
ve

rv
ie

w

A
s 

m
en

ti
on

ed
 p

re
vi

ou
sl

y 
th

e 
fr

am
ew

or
k 

m
ak

es
 u

se
 o

f 
th

e 
in

he
ri

ta
nc

e 
m

ec
ha

n
is

m
 fo

r 
sp

ec
ia

lis
in

g 
th

e 
A
l
g
o
r
i
t
h
m

 c
om

p
on

en
t. 

In
 o

th
er

 w
or

d
s,

 a
 c

on
cr

et
e 

al
go

ri
th

m
 c

la
ss

 m
u

st
 

in
he

ri
t f

ro
m

 (“
be

 d
er

iv
ed

 fr
om

” 
in

 C
++

 p
ar

la
nc

e,
 “

ex
te

nd
” 

in
 Ja

va
) t

he
 A
l
g
o
r
i
t
h
m

 b
as

e 
cl

as
s.

In
 th

is
 c

ha
p

te
r 

w
e 

fi
rs

t l
oo

k 
at

 th
e 

ba
se

 c
la

ss
 it

se
lf

. W
e 

th
en

 d
is

cu
ss

 w
ha

t i
s 

in
vo

lv
ed

 in
 

cr
ea

ti
ng

 c
on

cr
et

e 
al

go
ri

th
m

s:
 s

p
ec

if
ic

al
ly

 h
ow

 to
 d

ec
la

re
 p

ro
p

er
ti

es
, w

ha
t t

o 
pu

t i
nt

o 
th

e 
m

et
ho

d
s 

of
 th

e 
I
A
l
g
o
r
i
t
h
m

 in
te

rf
ac

e,
 th

e 
us

e 
of

 p
ri

va
te

 o
bj

ec
ts

 a
nd

 h
ow

 to
 n

es
t a

lg
or

it
hm

s.
 

Fi
n

al
ly

 w
e 

lo
ok

 a
t h

ow
 to

 s
et

 u
p

 s
eq

u
en

ce
s 

of
 a

lg
or

it
hm

s 
an

d
 h

ow
 to

 c
on

tr
ol

 p
ro

ce
ss

in
g 

th
ro

ug
h 

th
e 

u
se

 o
f b

ra
nc

he
s 

an
d

 fi
lt

er
s.

5.
2 

 A
lg

o
ri

th
m

 b
as

e 
cl

as
s

Si
nc

e 
a 

co
nc

re
te

 a
lg

or
it

hm
 o

bj
ec

t i
s-

an
 A
l
g
o
r
i
t
h
m

 o
bj

ec
t i

t m
ay

 u
se

 a
ll 

of
 th

e 
pu

bl
ic

 a
nd

 
p

ro
te

ct
ed

 m
et

h
od

s 
of

 th
e 
A
l
g
o
r
i
t
h
m

 b
as

e 
cl

as
s.

 T
he

 b
as

e 
cl

as
s 

ha
s 

no
 p

ro
te

ct
ed

 o
r 

pu
bl

ic
 

d
at

a 
m

em
be

rs
, s

o 
in

 fa
ct

, t
he

se
 a

re
 th

e 
on

ly
 m

et
ho

d
s 

th
at

 a
re

 a
va

ila
bl

e.
 M

os
t o

f t
he

se
 m

et
ho

d
s 

ar
e 

pr
ov

id
ed

 s
ol

el
y 

to
 m

ak
e 

th
e 

im
p

le
m

en
ta

ti
on

 o
f d

er
iv

ed
 a

lg
or

it
hm

s 
ea

si
er

. T
he

 b
as

e 
cl

as
s 

ha
s 

tw
o 

m
ai

n 
re

sp
on

si
bi

lit
ie

s:
 th

e 
in

it
ia

liz
at

io
n

 o
f c

er
ta

in
 in

te
rn

al
 p

oi
nt

er
s 

an
d

 th
e 

m
an

ag
em

en
t o

f t
he

 p
ro

p
er

ti
es

 o
f d

er
iv

ed
 a

lg
or

it
hm

 c
la

ss
es

.

A
 p

ar
t o

f t
he

 A
l
g
o
r
i
t
h
m

 b
as

e 
cl

as
s 

d
ef

in
it

io
n 

is
 s

ho
w

n 
in

 L
is

ti
ng

 5
.1

. I
nc

lu
d

e 
d

ir
ec

ti
ve

s,
 

fo
rw

ar
d 

d
ec

la
ra

ti
on

s 
an

d
 p

ri
va

te
 m

em
be

r 
va

ri
ab

le
s 

ha
ve

 a
ll 

be
en

 s
u

pp
re

ss
ed

. I
t d

ec
la

re
s 

a 
co

ns
tr

u
ct

or
 a

nd
 d

es
tr

u
ct

or
; s

om
e 

m
et

ho
d

s 
of

 th
e 
I
A
l
g
o
r
i
t
h
m

 in
te

rf
ac

e;
 s

ev
er

al
 a

cc
es

so
rs

 to
 

se
rv

ic
es

 th
at

 a
 c

on
cr

et
e 

al
go

ri
th

m
 w

ill
 a

lm
os

t c
er

ta
in

ly
 r

eq
ui

re
; a

 m
et

ho
d 

to
 c

re
at

e 
a 

su
b 

al
go

ri
th

m
, t

he
 tw

o 
m

et
ho

d
s 

of
 th

e 
I
P
r
o
p
e
r
t
y

 in
te

rf
ac

e;
 a

nd
 a

 w
ho

le
 s

er
ie

s 
of

 m
et

h
od

s 
fo

r 
d

ec
la

ri
ng

 p
ro

pe
rt

ie
s.
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0

p
ag

e 
 3

8
 

  

L
is

ti
n

g
 5

.1
   

T
he

 d
e

fin
iti

on
 o

f t
h

e 
A

lg
or

ith
m

 b
as

e 
cl

as
s.

1
:

c
l
a
s
s
 
A
l
g
o
r
i
t
h
m
 
:
 
v
i
r
t
u
a
l
 
p
u
b
l
i
c
 
I
A
l
g
o
r
i
t
h
m
,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
v
i
r
t
u
a
l
 
p
u
b
l
i
c
 
I
P
r
o
p
e
r
t
y
 
{

2
:

p
u
b
l
i
c
:

3
:

/
/
 
C
o
n
s
t
r
u
c
t
o
r
 
a
n
d
 
d
e
s
t
r
u
c
t
o
r

4
:

A
l
g
o
r
i
t
h
m
(
 
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
n
a
m
e
,
 
I
S
v
c
L
o
c
a
t
o
r
 
*
s
v
c
l
o
c
 
)
;

5
:

v
i
r
t
u
a
l
 
~
A
l
g
o
r
i
t
h
m
(
)
;

6
:

7
:

/
/
 
I
A
l
g
o
r
i
t
h
m
 
i
n
t
e
r
f
a
c
e
 
o
n
l
y
 
p
a
r
t
i
a
l
l
y
 
i
m
p
l
e
m
e
n
t
e
d

8
:

S
t
a
t
u
s
C
o
d
e
 
s
y
s
I
n
i
t
i
a
l
i
z
e
(
)
;

9
:

S
t
a
t
u
s
C
o
d
e
 
s
y
s
E
x
e
c
u
t
e
(
)
;

1
0
:

S
t
a
t
u
s
C
o
d
e
 
s
y
s
F
i
n
a
l
i
z
e
(
)
;

1
1
:

S
t
a
t
u
s
C
o
d
e
 
b
e
g
i
n
R
u
n
(
)
;

1
2
:

S
t
a
t
u
s
C
o
d
e
 
e
n
d
R
u
n
(
)
;

1
3
:

c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 

n
a
m
e
(
)
 
c
o
n
s
t
;

1
4
:

1
5
:

v
i
r
t
u
a
l
 
b
o
o
l
 
i
s
E
x
e
c
u
t
e
d
(
)
 
c
o
n
s
t
;

1
6
:

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
s
e
t
E
x
e
c
u
t
e
d
(
 
b
o
o
l
 
s
t
a
t
e
 
)
;

1
7
:

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
r
e
s
e
t
E
x
e
c
u
t
e
d
(
)
;

1
8
:

v
i
r
t
u
a
l
 
b
o
o
l
 
i
s
E
n
a
b
l
e
d
(
)
 
c
o
n
s
t
;

1
9
:

v
i
r
t
u
a
l
 
b
o
o
l
 
f
i
l
t
e
r
P
a
s
s
e
d
(
)
 
c
o
n
s
t
;

2
0
:

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
s
e
t
F
i
l
t
e
r
P
a
s
s
e
d
(
 
b
o
o
l
 
s
t
a
t
e
 
)
;

2
1
:

2
2
:

/
/
 
S
e
r
v
i
c
e
 
a
c
c
e
s
s
o
r
s

2
3
:

t
e
m
p
l
a
t
e
<
c
l
a
s
s
 
T
>
 
S
t
a
t
u
s
C
o
d
e
 
s
e
r
v
i
c
e
(
 
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
n
a
m
e
,
 
T
*
&
 
s
v
c
,
 

b
o
o
l
 
c
r
e
a
t
e
I
f
 
=
 
f
a
l
s
e
 
)
;

2
4
:

v
o
i
d
 
s
e
t
O
u
t
p
u
t
L
e
v
e
l
(
 
i
n
t
 
l
e
v
e
l
 
)
;

2
5
:

I
M
e
s
s
a
g
e
S
v
c
*
 
 
 
 
 
 

m
s
g
S
v
c
(
)
 
 
 
 
 
 
 
 
 
c
o
n
s
t
;

2
6
:

I
A
u
d
i
t
o
r
S
v
c
*
 
 
 
 
 
 
 
 
a
u
d
i
t
o
r
S
v
c
(
)
 
 
 
 
 
c
o
n
s
t
;

2
7
:

I
D
a
t
a
P
r
o
v
i
d
e
r
S
v
c
*
 

e
v
e
n
t
S
v
c
(
)
 
 
 
 
 
 
 
c
o
n
s
t
;

2
8
:

I
C
o
n
v
e
r
s
i
o
n
S
v
c
*
 

e
v
e
n
t
C
n
v
S
v
c
(
)
 
 
 
 
c
o
n
s
t
;

2
9
:

I
D
a
t
a
P
r
o
v
i
d
e
r
S
v
c
*
 

d
e
t
S
v
c
(
)
 
 
 
 
 
 
 
 
 
c
o
n
s
t
;

3
0
:

I
C
o
n
v
e
r
s
i
o
n
S
v
c
*

d
e
t
C
n
v
S
v
c
(
)
 
 
 
 
 
 
c
o
n
s
t
;

3
1
:

I
H
i
s
t
o
g
r
a
m
S
v
c
*
 

h
i
s
t
o
S
v
c
(
)
 
 
 
 
 
 
 
c
o
n
s
t
;

3
2
:

I
N
t
u
p
l
e
S
v
c
*
 

 
 

 
n
t
u
p
l
e
S
v
c
(
)
 
 
 
 
 
 
c
o
n
s
t
;

3
3
:

I
C
h
r
o
n
o
S
t
a
t
S
v
c
*
 

c
h
r
o
n
o
S
v
c
(
)
 
 
 
 
 
 
c
o
n
s
t
;

3
4
:

I
R
n
d
m
G
e
n
S
v
c
*

r
a
n
d
S
v
c
(
)
 
 
 
 
 
 
 
 
c
o
n
s
t
;

3
5
:

I
T
o
o
l
S
v
c
*
 
 
 
 
 
 
 
 
 
 
 
t
o
o
l
S
v
c
(
)
 
 
 
 
 
 
 
 
c
o
n
s
t
;

3
6
:

I
S
v
c
L
o
c
a
t
o
r
*
 
 
 
 
 

s
e
r
v
i
c
e
L
o
c
a
t
o
r
(
)
 
c
o
n
s
t
;

3
7
:

3
8
:

S
t
a
t
u
s
C
o
d
e
 
c
r
e
a
t
e
S
u
b
A
l
g
o
r
i
t
h
m
(
 
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
t
y
p
e
,
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
n
a
m
e
,
 
A
l
g
o
r
i
t
h
m
*
&
 
p
S
u
b
A
l
g
 
)
;

3
9
:

s
t
d
:
:
v
e
c
t
o
r
<
A
l
g
o
r
i
t
h
m
*
>
*
 
s
u
b
A
l
g
o
r
i
t
h
m
s
(
)
 
c
o
n
s
t
;

4
0
:

4
1
:

/
/
 
I
P
r
o
p
e
r
t
y
 
i
n
t
e
r
f
a
c
e

4
2
:

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
s
e
t
P
r
o
p
e
r
t
y
(
 
c
o
n
s
t
 
P
r
o
p
e
r
t
y
&
 
p
)
;

4
3
:

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
s
e
t
P
r
o
p
e
r
t
y
(
 
s
t
d
:
:
i
s
t
r
e
a
m
 
s
&
 
)
;

4
4
:

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
s
e
t
P
r
o
p
e
r
t
y
(
 
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
n
,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
v
)
;

4
5
:

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
g
e
t
P
r
o
p
e
r
t
y
(
 
P
r
o
p
e
r
t
y
*
 
p
 
)
 
c
o
n
s
t
;

4
6
:

c
o
n
s
t
 
 
 
P
r
o
p
e
r
t
y
&
 
 
g
e
t
P
r
o
p
e
r
t
y
(
 
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
n
a
m
e
)
 
c
o
n
s
t
;

4
7
:

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
g
e
t
P
r
o
p
e
r
t
y
(
 
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
n
,
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
s
t
d
:
:
s
t
r
i
n
g
&
 
v
)
 
c
o
n
s
t
;

4
8
:

c
o
n
s
t
 
s
t
d
:
:
v
e
c
t
o
r
<
P
r
o
p
e
r
t
y
*
>
&
 
g
e
t
P
r
o
p
e
r
t
i
e
s
(
)
 
c
o
n
s
t
;

 
p

ag
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0

C
o

n
st

ru
ct

o
r 

an
d

 D
es

tr
u

ct
o

r 
 T

he
 b

as
e 

cl
as

s 
ha

s 
a 

si
n

gl
e 

co
ns

tr
u

ct
or

 w
hi

ch
 ta

ke
s 

tw
o 

ar
gu

m
en

ts
: T

h
e 

fi
rs

t i
s 

th
e 

na
m

e 
th

at
 w

il
l i

d
en

ti
fy

 th
e 

al
go

ri
th

m
 o

bj
ec

t b
ei

ng
 in

st
an

ti
at

ed
 a

nd
 

th
e 

se
co

nd
 is

 a
 p

oi
nt

er
 to

 o
ne

 o
f t

h
e 

in
te

rf
ac

es
 im

pl
em

en
te

d
 b

y 
th

e 
ap

pl
ic

at
io

n 
m

an
ag

er
: 

I
S
v
c
L
o
c
a
t
o
r

. T
hi

s 
in

te
rf

ac
e 

m
ay

 b
e 

us
ed

 to
 r

eq
u

es
t s

pe
ci

al
 s

er
vi

ce
s 

th
at

 a
n 

al
go

ri
th

m
 m

ay
 

w
is

h 
to

 u
se

, b
ut

 w
hi

ch
 a

re
 n

ot
 a

va
ila

bl
e 

vi
a 

th
e 

st
an

d
ar

d
 a

cc
es

so
r 

m
et

ho
d

s 
(b

el
ow

).

T
h

e 
I
A
l
g
o
r
i
t
h
m

 in
te

rf
ac

e 
 T

he
 b

as
e 

cl
as

s 
on

ly
 p

ar
ti

al
ly

 im
pl

em
en

ts
 th

is
 in

te
rf

ac
e:

 th
e 

th
re

e 
p

ur
e 

vi
rt

u
al

 m
et

ho
d

s 
i
n
i
t
i
a
l
i
z
e
(
)

, e
x
e
c
u
t
e
(
)

 a
nd

 f
i
n
a
l
i
z
e
(
)

 m
u

st
 b

e 
im

pl
em

en
te

d
 

by
 a

 d
er

iv
ed

 a
lg

or
it

hm
: t

he
se

 a
re

 w
he

re
 th

e 
al

go
ri

th
m

 d
oe

s 
it

s 
u

se
fu

l w
or

k 
an

d
 a

re
 d

is
cu

ss
ed

 
in

 m
or

e 
d

et
ai

l i
n 

se
ct

io
n 

5.
3.

 T
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ic
 ty

p
es

 o
f 

ev
en

t, 
or

 y
ou

 m
ay

 w
is

h 
to

 “
lo

op
” 

ov
er

 a
n 

al
go

ri
th

m
’s

 
ex

ec
u

te
 m

et
ho

d
. W

it
hi

n 
th

e 
G

au
di

 a
p

pl
ic

at
io

n 
fr

am
ew

or
k 

th
e 

w
ay

 to
 h

av
e 

su
ch

 c
on

tr
ol

 is
 v

ia
 

th
e 

ne
st

in
g 

of
 a

lg
or

it
hm

s 
or

 th
ro

u
gh

 a
lg

or
it

h
m

 s
eq

u
en

ce
s 

(d
es

cr
ib

ed
 in

 s
ec

ti
on

 5
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0

p
ag

e 
 4

4
 

  

(o
r 

su
b-

) a
lg

or
it

h
m

 is
 o

ne
 w

hi
ch

 is
 c

re
at

ed
 b

y,
 a

nd
 th

u
s 

be
lo

ng
s 

to
 a

nd
 is

 c
on

tr
ol

le
d

 b
y,

 
an

ot
he

r 
al

go
ri

th
m

 (i
ts

 p
ar

en
t)

 a
s 

op
p

os
ed

 to
 th

e 
ap

pl
ic

at
io

n 
m

an
ag

er
. I

n 
th

is
 s

ec
ti

on
 w

e 
d

is
cu

ss
 a

 n
um

be
r 

of
 p

oi
nt

s 
w

hi
ch

 a
re

 s
pe

ci
fi

c 
to

 s
u

b-
al

go
ri

th
m

s.

In
 th

e 
fi

rs
t p

la
ce

, t
he

 p
ar

en
t a

lg
or

it
hm

 w
ill

 n
ee

d 
a 

m
em

be
r 

va
ri

ab
le

 o
f t

yp
e 
A
l
g
o
r
i
t
h
m
*

 (s
ee

 
th

e 
co

d
e 

fr
ag

m
en

t b
el

ow
) 

in
 w

hi
ch

 to
 s

to
re

 a
 p

oi
nt

er
 to

 th
e 

su
b-

al
go

ri
th

m
.

T
he

 s
u

b-
al

go
ri

th
m

 it
se

lf
 is

 c
re

at
ed

 b
y 

in
vo

ki
ng

 th
e 
c
r
e
a
t
e
S
u
b
A
l
g
o
r
i
t
h
m
(
)
 

m
et

ho
d

 o
f t

he
 

A
l
g
o
r
i
t
h
m

 b
as

e 
cl

as
s.

 T
he

 p
ar

am
et

er
s 

pa
ss

ed
 a

re
 th

e 
ty

pe
 o

f 
th

e 
al

go
ri

th
m

, i
ts

 n
am

e 
an

d 
a 

re
fe

re
nc

e 
to

 th
e 

po
in

te
r 

w
hi

ch
 w

ill
 b

e 
se

t t
o 

po
in

t t
o 

th
e 

ne
w

ly
 c

re
at

ed
 s

u
b-

al
go

ri
th

m
. N

ot
e 

th
at

 th
e 

na
m

e 
pa

ss
ed

 in
to

 th
e 
c
r
e
a
t
e
S
u
b
A
l
g
o
r
i
t
h
m
(
)
 

m
et

ho
d

 is
 th

e 
sa

m
e 

na
m

e 
th

at
 

sh
ou

ld
 b

e 
u

se
d 

w
it

h
in

 th
e 

jo
b 

op
ti

on
s 

fi
le

 fo
r 

sp
ec

if
yi

ng
 a

lg
or

it
hm

 p
ro

pe
rt

ie
s.

T
he

 a
lg

or
it

hm
 ty

pe
 (i

.e
. c

la
ss

 n
am

e)
 s

tr
in

g 
is

 u
se

d
 b

y 
th

e 
ap

pl
ic

at
io

n 
m

an
ag

er
 to

 d
ec

id
e 

w
hi

ch
 

fa
ct

or
y 

sh
ou

ld
 c

re
at

e 
th

e 
al

go
ri

th
m

 o
bj

ec
t. 

T
he

 e
xe

cu
ti

on
 o

f t
he

 s
u

b-
al

go
ri

th
m

 is
 e

nt
ir

el
y 

th
e 

re
sp

on
si

bi
lit

y 
of

 th
e 

pa
re

nt
 a

lg
or

it
hm

 
w

he
re

as
 th

e 
i
n
i
t
i
a
l
i
z
e
(
)

 a
nd

 f
i
n
a
l
i
z
e
(
)

 m
et

ho
d

s 
ar

e 
in

vo
ke

d
 a

u
to

m
at

ic
al

ly
 b

y 
th

e 
fr

am
ew

or
k 

as
 s

ho
w

n
 in

 F
ig

u
re

 5
.1

. S
im

ila
rl

y 
th

e 
p

ro
p

er
ti

es
 o

f a
 s

u
b-

al
go

ri
th

m
 a

re
 a

ls
o 

au
to

m
at

ic
al

ly
 s

et
 b

y 
th

e 
fr

am
ew

or
k.

N
ot

e 
th

at
 th

e 
c
r
e
a
t
e
S
u
b
A
l
g
o
r
i
t
h
m
(
)

 m
et

ho
d

 r
et

u
rn

s 
a 

po
in

te
r 

to
 a

n 
A
l
g
o
r
i
t
h
m

 o
bj

ec
t, 

no
t a

n 
I
A
l
g
o
r
i
t
h
m

 in
te

rf
ac

e.
 T

h
is

 m
ea

ns
 th

at
 y

ou
 h

av
e 

ac
ce

ss
 to

 th
e 

m
et

ho
d

s 
of

 b
ot

h 
th

e 
I
A
l
g
o
r
i
t
h
m

 a
nd

 I
P
r
o
p
e
r
t
y
 

in
te

rf
ac

es
, a

nd
 c

on
se

qu
en

tl
y 

as
 w

el
l a

s 
be

in
g 

ab
le

 to
 c

al
l 

e
x
e
c
u
t
e
(
)

 e
tc

. y
ou

  m
ay

 a
ls

o 
ch

an
ge

 th
e 

pr
op

er
ti

es
 o

f a
 s

u
b-

al
go

ri
th

m
 d

u
ri

ng
 th

e 
m

ai
n 

ev
en

t l
oo

p
 a

s 
ex

p
la

in
ed

 in
 S

ec
ti

on
11

.3
.2

. N
ot

e 
al

so
 th

at
 th

e 
ve

ct
or

 o
f 

po
in

te
rs

 to
 th

e 
su

b-
al

go
ri

th
m

s 
is

 a
va

ila
bl

e 
vi

a 
th

e 
s
u
b
A
l
g
o
r
i
t
h
m
s
(
)

 m
et

ho
d

.

5.
5 

 A
lg

o
ri

th
m

 s
eq

u
en

ce
s,

 b
ra

n
ch

es
 a

n
d

 f
ilt

er
s

A
 p

hy
si

cs
 a

p
pl

ic
at

io
n 

m
ay

 w
is

h 
to

 e
xe

cu
te

 d
if

fe
re

nt
 a

lg
or

it
hm

s 
d

ep
en

d
in

g 
on

 th
e 

p
hy

si
cs

 
si

gn
at

u
re

 o
f 

ea
ch

 e
ve

nt
, w

hi
ch

 m
ig

ht
 b

e 
d

et
er

m
in

ed
 a

t r
u

n-
ti

m
e 

as
 a

 r
es

u
lt

 o
f s

om
e 

re
co

ns
tr

uc
ti

on
. T

hi
s 

ca
p

ab
ili

ty
 is

 s
u

pp
or

te
d

 in
 G

au
d

i t
hr

ou
gh

 s
eq

u
en

ce
s,

 b
ra

nc
he

s 
an

d
 fi

lt
er

s.
 

A
 s

eq
ue

nc
e 

is
 a

 li
st

 o
f 

A
lg

or
it

hm
s.

 E
ac

h 
A

lg
or

it
hm

 m
ay

 m
ak

e 
a 

fil
te

r 
d

ec
is

io
n,

 b
as

ed
 o

n 
so

m
e 

ch
ar

ac
te

ri
st

ic
s 

of
 th

e 
ev

en
t, 

w
hi

ch
 c

an
 e

it
he

r 
al

lo
w

 o
r 

by
p

as
s 

p
ro

ce
ss

in
g 

of
 th

e 
d

ow
ns

tr
ea

m
 

al
go

ri
th

m
s 

in
 th

e 
se

qu
en

ce
. T

he
 fi

lt
er

 d
ec

is
io

n 
m

ay
 a

ls
o 

ca
us

e 
a 

br
an

ch
 w

he
re

by
 a

 d
iff

er
en

t 
d

ow
ns

tr
ea

m
 s

eq
u

en
ce

 o
f A

lg
or

it
hm

s 
w

ill
 b

e 
ex

ec
ut

ed
 f

or
 e

ve
nt

s 
th

at
 p

as
s 

th
e 

fi
lt

er
 d

ec
is

io
n 

re
la

ti
ve

 to
 th

os
e 

th
at

 f
ai

l i
t. 

E
ve

nt
u

al
ly

 th
e 

p
ar

ti
cu

la
r 

se
t o

f 
se

qu
en

ce
s,

 fi
lt

er
s 

an
d

 b
ra

nc
he

s 
m

ig
ht

 b
e 

u
se

d
 to

 d
et

er
m

in
e 

w
hi

ch
 o

f 
m

u
lt

ip
le

 o
ut

p
u

t d
es

ti
n

at
io

ns
 e

ac
h 

ev
en

t i
s 

w
ri

tt
en

 to
 (i

f 
at

 a
ll)

. T
hi

s 
ca

pa
bi

lit
y 

is
 n

ot
 y

et
 im

pl
em

en
te

d
 b

ut
 is

 p
la

nn
ed

 fo
r 

a 
fu

tu
re

 r
el

ea
se

 o
f G

au
d

i.

A
l
g
o
r
i
t
h
m
*
 
m
_
p
S
u
b
A
l
g
o
r
i
t
h
m
;

/
/
 
P
o
i
n
t
e
r
 
t
o
 
t
h
e
 
s
u
b
 
a
l
g
o
r
i
t
h
m

/
/
 
M
u
s
t
 
b
e
 
a
 
m
e
m
b
e
r
 
v
a
r
i
a
b
l
e
 
o
f
 
t
h
e
 
p
a
r
e
n
t
 
c
l
a
s
s

s
t
d
:
:
s
t
r
i
n
g
 
t
y
p
e
;
 

/
/
 
T
y
p
e
 
o
f
 
s
u
b
 
a
l
g
o
r
i
t
h
m

s
t
d
:
:
s
t
r
i
n
g
 
n
a
m
e
;
 

/
/
 
N
a
m
e
 
t
o
 
b
e
 
g
i
v
e
n
 
t
o
 
s
u
b
A
l
g
o
r
i
t
h
m

S
t
a
t
u
s
C
o
d
e
 
s
c
;
 

/
/
 
S
t
a
t
u
s
 
c
o
d
e
 
r
e
t
u
r
n
e
d
 
b
y
 
t
h
e
 
c
a
l
l

s
c
 
=
 
c
r
e
a
t
e
S
u
b
A
l
g
o
r
i
t
h
m
(
t
y
p
e
,
 
n
a
m
e
,
 
A
l
g
o
r
i
t
h
m
*
&
 
m
_
p
S
u
b
A
l
g
o
r
i
t
h
m
)
;

 
p
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0

A
 S
e
q
u
e
n
c
e
r

 c
la

ss
 is

 a
va

ila
bl

e 
in

 th
e 
G
a
u
d
i
A
l
g

 p
ac

ka
ge

 w
hi

ch
 m

an
ag

es
 a

lg
or

it
hm

 
se

qu
en

ce
s 

u
si

ng
 fi

lt
er

in
g 

an
d

 b
ra

nc
hi

ng
 p

ro
to

co
ls

 w
hi

ch
 a

re
 im

p
le

m
en

te
d

 in
 th

e 
A
l
g
o
r
i
t
h
m

 
cl

as
s 

it
se

lf
. T

he
 li

st
 o

f A
lg

or
it

hm
s 

in
 a

 S
eq

u
en

ce
r 

is
 s

pe
ci

fi
ed

 th
ro

u
gh

 th
e 
M
e
m
b
e
r
s

 p
ro

p
er

ty
. 

A
lg

or
it

hm
s 

ca
n 

ca
ll 
s
e
t
F
i
l
t
e
r
P
a
s
s
e
d
(
 
t
r
u
e
/
f
a
l
s
e
 
)

 d
u

ri
ng

 th
ei

r 
e
x
e
c
u
t
e
(
)

 
fu

nc
ti

on
. A

lg
or

it
hm

s 
in

 th
e 

m
em

be
rs

hi
p

 li
st

 d
ow

ns
tr

ea
m

 o
f o

ne
 th

at
 s

et
s 

th
is

 fl
ag

 to
 f
a
l
s
e

 
w

ill
 n

ot
 b

e 
ex

ec
u

te
d

, u
nl

es
s t

he
 S
t
o
p
O
v
e
r
r
i
d
e

 p
ro

pe
rt

y 
of

 th
e 

Se
qu

en
ce

r 
ha

s 
be

en
 s

et
, o

r 
th

e 
fi

lt
er

in
g 

al
go

ri
th

m
 it

se
lf

 is
 o

f t
yp

e 
S
e
q
u
e
n
c
e
r

 a
nd

 it
s 
B
r
a
n
c
h
M
e
m
b
e
r
s

 p
ro

p
er

ty
 s

p
ec

if
ie

s 
a 

br
an

ch
 w

it
h 

d
ow

ns
tr

ea
m

 m
em

be
rs

. P
le

as
e 

no
te

 th
at

, i
f a

 s
u

b-
al

go
ri

th
m

 is
 o

f t
yp

e 
S
e
q
u
e
n
c
e
r

, 
th

e 
p

ar
en

t a
lg

or
it

hm
 m

us
t c

al
l t

he
 r
e
s
e
t
E
x
e
c
u
t
e
d
(
)

 m
et

ho
d

 o
f t

he
 s

u
b-

al
go

ri
th

m
 b

ef
or

e 
ca

lli
ng

 th
e 
e
x
e
c
u
t
e
(
)

 m
et

ho
d

, o
th

er
w

is
e 

th
e 

se
qu

en
ce

 w
ill

 o
n

ly
 b

e 
ex

ec
u

te
d

 o
nc

e 
in

 th
e 

lif
et

im
e 

of
 th

e 
jo

b!

A
n 

al
go

ri
th

m
 in

st
an

ce
 is

 e
xe

cu
te

d 
on

ly
 o

nc
e 

p
er

 e
ve

nt
, e

ve
n 

if
 it

 a
p

p
ea

rs
 in

 m
ul

ti
p

le
 

se
qu

en
ce

s.
 It

 m
ay

 a
ls

o 
be

 e
na

bl
ed

 o
r 

d
is

ab
le

d
, b

ei
ng

 e
na

bl
ed

 b
y 

d
ef

au
lt

. T
h

is
 is

 c
on

tr
ol

le
d

 b
y 

th
e 
E
n
a
b
l
e

 p
ro

pe
rt

y.
 E

na
bl

in
g 

an
d

 d
is

ab
lin

g 
of

 a
lg

or
it

hm
 in

st
an

ce
s 

is
 a

 c
ap

ab
ili

ty
 th

at
 is

 
d

es
ig

ne
d

 fo
r 

a 
fu

tu
re

 r
el

ea
se

 o
f G

au
d

i t
ha

t w
ill

 in
cl

u
d

e 
an

 in
te

ra
ct

iv
e 

sc
ri

p
ti

ng
 la

ng
u

ag
e.

T
he

 fi
lt

er
 p

as
se

d
 o

r 
fa

ile
d

 lo
gi

c 
fo

r 
a 

p
ar

ti
cu

la
r 

A
lg

or
it

hm
 in

st
an

ce
 in

 a
 s

eq
u

en
ce

 m
ay

 b
e 

in
ve

rt
ed

 b
y 

sp
ec

if
yi

ng
 th

e 
:
i
n
v
e
r
t

 o
p

ti
on

al
 fl

ag
 in

 th
e 
M
e
m
b
e
r
s

 li
st

 fo
r 

th
e 
S
e
q
u
e
n
c
e
r

 in
 

th
e 

jo
b 

op
ti

on
s 

fi
le

.

A
 S

eq
ue

nc
er

 w
ill

 r
ep

or
t f

ilt
er

 s
uc

ce
ss

 if
 e

it
he

r 
of

 it
s 

m
ai

n 
an

d
 b

ra
nc

h 
m

em
be

r 
lis

ts
 s

u
cc

ee
d

. 
T

he
 tw

o 
ca

se
s 

m
ay

 b
e 

d
if

fe
re

nt
ia

te
d

 u
si

ng
 th

e 
S
e
q
u
e
n
c
e
r

 b
r
a
n
c
h
F
i
l
t
e
r
P
a
s
s
e
d
(
)

 
bo

ol
ea

n 
fu

nc
ti

on
. I

f t
hi

s 
is

 s
et

 tr
u

e,
 th

en
 th

e 
br

an
ch

 fi
lt

er
 w

as
 p

as
se

d
, o

th
er

w
is

e 
bo

th
 it

 a
nd

 th
e 

m
ai

n 
se

qu
en

ce
 in

d
ic

at
ed

 fa
il

ur
e.

T
he

 fo
llo

w
in

g 
ex

am
p

le
s 

il
lu

st
ra

te
 th

e 
u

se
 o

f s
eq

u
en

ce
s 

w
it

h 
fi

lt
er

in
g 

an
d 

br
an

ch
in

g.

5.
5.

1 
F

ilt
er

in
g

 e
xa

m
p

le

L
is

ti
ng

 5
.3

 is
 a

n 
ex

tr
ac

t o
f t

he
 jo

b 
op

ti
on

s 
fi

le
 o

f t
he

 A
l
g
S
e
q
u
e
n
c
e
r

 e
xa

m
p

le
: a

 S
e
q
u
e
n
c
e
r

 
in

st
an

ce
 is

 c
re

at
ed

 (l
in

e 
2)

 w
it

h 
tw

o 
m

em
be

rs
 (l

in
e 

5)
; e

ac
h 

m
em

be
r 

is
 it

se
lf

 a
 S
e
q
u
e
n
c
e
r

, 
im

p
le

m
en

ti
ng

 th
e 

se
qu

en
ce

s 
se

t u
p

 in
 li

ne
s 

7 
an

d
 8

, w
hi

ch
 c

on
si

st
 o

f 
P
r
e
s
c
a
l
e
r,

 
E
v
e
n
t
C
o
u
n
t
e
r

 a
nd

 H
e
l
l
o
W
o
r
l
d

 a
lg

or
it

hm
s.

 T
he

 S
t
o
p
O
v
e
r
r
i
d
e

 p
ro

p
er

ty
 o

f 
th

e 
T
o
p
S
e
q
u
e
n
c
e

 is
 s

et
 to

 tr
u

e,
 w

hi
ch

 c
au

se
s 

bo
th

 s
eq

u
en

ce
s 

to
 b

e 
ex

ec
ut

ed
, e

ve
n 

if
 th

e 
fi

rs
t o

ne
 

in
d

ic
at

es
 a

 fi
lt

er
 fa

ilu
re

. 

T
he

 P
r
e
s
c
a
l
e
r

 a
nd

 E
v
e
n
t
C
o
u
n
t
e
r

 c
la

ss
es

 a
re

 e
xa

m
pl

e 
al

go
ri

th
m

s 
d

is
tr

ib
u

te
d

 w
it

h 
th

e 
G
a
u
d
i
A
l
g

 p
ac

ka
ge

. T
he

 P
r
e
s
c
a
l
e
r

 c
la

ss
 a

ct
s 

as
 a

 fi
lt

er
, p

as
si

ng
 th

e 
fr

ac
ti

on
 o

f e
ve

n
ts

 
sp

ec
if

ie
d

 b
y 

th
e 
P
e
r
c
e
n
t
P
a
s
s

 p
ro

pe
rt

y 
(a

s 
a 

p
er

ce
nt

ag
e)

. T
h

e 
E
v
e
n
t
C
o
u
n
t
e
r

 c
la

ss
 ju

st
 

p
ri

nt
s 

ea
ch

 e
ve

nt
 a

s 
it

 is
 e

nc
ou

nt
er

ed
, a

nd
 s

um
m

ar
iz

es
 a

t t
he

 e
nd

 o
f j

ob
 h

ow
 m

an
y 

ev
en

ts
 

w
er

e 
se

en
. T

hu
s 

at
 th

e 
en

d
 o

f j
ob

, t
h

e 
C
o
u
n
t
e
r
1

 in
st

an
ce

 w
ill

 r
ep

or
t s

ee
in

g 
50

%
 o

f t
he

 e
ve

nt
s,

 
w

hi
le

 th
e 
C
o
u
n
t
e
r
2

 in
st

an
ce

 w
ill

 r
ep

or
t s

ee
in

g 
10

%
.

N
ot

e 
th

e 
sa

m
e 

in
st

an
ce

 o
f t

he
 H
e
l
l
o
W
o
r
l
d

 c
la

ss
 a

pp
ea

rs
 in

 b
ot

h 
se

qu
en

ce
s.

 I
t w

ill
 b

e 
ex

ec
u

te
d

 in
 S
e
q
u
e
n
c
e
1

 if
 P
r
e
s
c
a
l
e
r
1

 p
as

se
s 

th
e 

ev
en

t. 
It

 w
ill

 b
e 

ex
ec

u
te

d
 in

 S
e
q
u
e
n
c
e
2

 if
 

P
r
e
s
c
a
l
e
r
2

 p
as

se
s 

th
e 

ev
en

t o
nl

y 
if

 P
r
e
s
c
a
l
e
r
1

 fa
ile

d
 it

.
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V
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0

p
ag

e 
 4

6
 

  

5.
5.

2 
S

eq
u

en
ce

 b
ra

n
ch

in
g

L
is

ti
ng

 5
.4

 il
lu

st
ra

te
s 

th
e 

u
se

 o
f e

xp
lic

it
 b

ra
nc

hi
ng

. T
he

 B
r
a
n
c
h
M
e
m
b
e
r
s

 p
ro

p
er

ty
 o

f t
h

e 
S
e
q
u
e
n
c
e
r

 s
pe

ci
fi

es
 s

om
e 

al
go

ri
th

m
s 

to
 b

e 
ex

ec
u

te
d

 if
 th

e 
al

go
ri

th
m

 th
at

 is
 th

e 
fi

rs
t m

em
be

r 
of

 th
e 

br
an

ch
 (w

hi
ch

 is
 c

om
m

on
 to

 b
ot

h 
th

e 
m

ai
n 

an
d 

br
an

ch
 m

em
be

rs
hi

p
 li

st
s)

 in
d

ic
at

es
 a

 
fi

lt
er

 f
ai

lu
re

. I
n 

th
is

 e
xa

m
pl

e 
th

e 
E
v
e
n
t
C
o
u
n
t
e
r

 in
st

an
ce

 C
o
u
n
t
e
r
1

 w
ill

 r
ep

or
t s

ee
in

g 
80

%
 

of
 th

e 
ev

en
ts

, w
he

re
as

 C
o
u
n
t
e
r
2

 w
il

l r
ep

or
t s

ee
in

g 
20

%
.

L
is

ti
ng

 5
.5

 il
lu

st
ra

te
s 

th
e 

u
se

 o
f i

nv
er

te
d

 lo
gi

c.
 It

 a
ch

ie
ve

s 
th

e 
sa

m
e 

go
al

 a
s 

th
e 

ex
am

pl
e 

in
 

L
is

ti
ng

 5
.4

 th
ro

u
gh

 u
se

 o
f t

w
o 

se
qu

en
ce

s 
w

it
h 

th
e 

sa
m

e 
in

st
an

ce
 o

f a
 P
r
e
s
c
a
l
e
r

 fi
lt

er
, b

u
t 

w
he

re
 th

e 
se

co
nd

 s
eq

u
en

ce
 c

on
ta

in
s 

in
ve

rt
ed

 lo
gi

c 
fo

r 
th

e 
si

n
gl

e 
in

st
an

ce
.

L
is

ti
n

g
 5

.3
   

E
xa

m
p

le
 jo

b 
op

tio
ns

 u
si

ng
 S

eq
ue

nc
er

s 
de

m
on

st
ra

tin
g

 fi
lte

rin
g

1
:

A
p
p
l
i
c
a
t
i
o
n
M
g
r
.
D
L
L
s
 
 
+
=
 
{
 
"
G
a
u
d
i
A
l
g
"
 
}
;
 

2
:

A
p
p
l
i
c
a
t
i
o
n
M
g
r
.
T
o
p
A
l
g
 
=
 
{
 
"
S
e
q
u
e
n
c
e
r
/
T
o
p
S
e
q
u
e
n
c
e
"
 
}
;

3
:

4
:

/
/
 
S
e
t
u
p
 
t
h
e
 
n
e
x
t
 
l
e
v
e
l
 
s
e
q
u
e
n
c
e
r
s
 
a
n
d
 
t
h
e
i
r
 
m
e
m
b
e
r
s

5
:

T
o
p
S
e
q
u
e
n
c
e
.
M
e
m
b
e
r
s
 
=
 
{
"
S
e
q
u
e
n
c
e
r
/
S
e
q
u
e
n
c
e
1
"
,
 
"
S
e
q
u
e
n
c
e
r
/
S
e
q
u
e
n
c
e
2
"
}
;

6
:

T
o
p
S
e
q
u
e
n
c
e
.
S
t
o
p
O
v
e
r
r
i
d
e
 
=
 
t
r
u
e
;

7
:

S
e
q
u
e
n
c
e
1
.
M
e
m
b
e
r
s
 
=
 
{
"
P
r
e
s
c
a
l
e
r
/
P
r
e
s
c
a
l
e
r
1
"
,
 
"
H
e
l
l
o
W
o
r
l
d
"
,
 

"
E
v
e
n
t
C
o
u
n
t
e
r
/
C
o
u
n
t
e
r
1
"
}
;

8
:

S
e
q
u
e
n
c
e
2
.
M
e
m
b
e
r
s
 
=
 
{
"
P
r
e
s
c
a
l
e
r
/
P
r
e
s
c
a
l
e
r
2
"
,
 
"
H
e
l
l
o
W
o
r
l
d
"
,
 

"
E
v
e
n
t
C
o
u
n
t
e
r
/
C
o
u
n
t
e
r
2
"
}
;

9
:

1
0
:

P
r
e
s
c
a
l
e
r
1
.
P
e
r
c
e
n
t
P
a
s
s
 
=
 
5
0
.
;

1
1
:

P
r
e
s
c
a
l
e
r
2
.
P
e
r
c
e
n
t
P
a
s
s
 
=
 
1
0
.
;

L
is

ti
n

g
 5

.4
   

E
xa

m
p

le
 jo

b 
op

tio
ns

 u
si

ng
 S

eq
ue

nc
er

s 
de

m
on

st
ra

tin
g

 b
ra

n
ch

in
g

1
:

A
p
p
l
i
c
a
t
i
o
n
M
g
r
.
D
L
L
s
 
 
+
=
 
{
 
"
G
a
u
d
i
A
l
g
"
 
}
;
 

2
:

A
p
p
l
i
c
a
t
i
o
n
M
g
r
.
T
o
p
A
l
g
 
=
 
{
 
"
S
e
q
u
e
n
c
e
r
"
 
}
;

3
:

4
:

/
/
 
S
e
t
u
p
 
t
h
e
 
n
e
x
t
 
l
e
v
e
l
 
s
e
q
u
e
n
c
e
r
s
 
a
n
d
 
t
h
e
i
r
 
m
e
m
b
e
r
s

5
:

S
e
q
u
e
n
c
e
r
.
M
e
m
b
e
r
s
 
=
 
{
"
H
e
l
l
o
W
o
r
l
d
"
,
 
"
P
r
e
s
c
a
l
e
r
"
,
 
 
 

"
E
v
e
n
t
C
o
u
n
t
e
r
/
C
o
u
n
t
e
r
1
"
}
;

6
:

S
e
q
u
e
n
c
e
r
.
B
r
a
n
c
h
M
e
m
b
e
r
s
 
=
 
{
"
P
r
e
s
c
a
l
e
r
"
,
 
"
E
v
e
n
t
C
o
u
n
t
e
r
/
C
o
u
n
t
e
r
2
"
}
;

7
:

8
:

P
r
e
s
c
a
l
e
r
.
P
e
r
c
e
n
t
P
a
s
s
 
=
 
8
0
.
;

L
is

ti
n

g
 5

.5
   

E
xa

m
p

le
 jo

b 
op

tio
ns

 u
si

ng
 S

eq
ue

nc
er

s 
de

m
on

st
ra

tin
g

 in
ve

rt
ed

 lo
g

ic

1
:

A
p
p
l
i
c
a
t
i
o
n
M
g
r
.
D
L
L
s
 
 
+
=
 
{
 
"
G
a
u
d
i
A
l
g
"
 
}
;
 

2
:

A
p
p
l
i
c
a
t
i
o
n
M
g
r
.
T
o
p
A
l
g
 
=
 
{
 
"
S
e
q
u
e
n
c
e
r
/
S
e
q
1
"
,
 
"
S
e
q
u
e
n
c
e
r
/
S
e
q
2
"
 
}
;

3
:

4
:

/
/
 
S
e
t
u
p
 
t
h
e
 
n
e
x
t
 
l
e
v
e
l
 
s
e
q
u
e
n
c
e
r
s
 
a
n
d
 
t
h
e
i
r
 
m
e
m
b
e
r
s

5
:

S
e
q
1
.
M
e
m
b
e
r
s
 
=
 
{
"
H
e
l
l
o
W
o
r
l
d
"
,
 
"
P
r
e
s
c
a
l
e
r
"
,
 
"
E
v
e
n
t
C
o
u
n
t
e
r
/
C
o
u
n
t
e
r
1
"
}
;

6
:

S
e
q
2
.
M
e
m
b
e
r
s
 
=
 
{
"
H
e
l
l
o
W
o
r
l
d
"
,
 
"
P
r
e
s
c
a
l
e
r
:
i
n
v
e
r
t
"
,
 

"
E
v
e
n
t
C
o
u
n
t
e
r
/
C
o
u
n
t
e
r
2
"
}
;

7
:

8
:

P
r
e
s
c
a
l
e
r
.
P
e
r
c
e
n
t
P
a
s
s
 
=
 
8
0
.
;



 
p

ag
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0

C
h

ap
te

r 
6 

 

A
cc

es
si

n
g

 d
at

a

6.
1 

 O
ve

rv
ie

w

T
he

 d
at

a 
st

or
es

 a
re

 a
 k

ey
 c

om
po

ne
nt

 in
 th

e 
ap

pl
ic

at
io

n
 fr

am
ew

or
k.

 A
ll 

d
at

a 
w

h
ic

h 
co

m
es

 
fr

om
 p

er
si

st
en

t s
to

ra
ge

, o
r 

w
hi

ch
 is

 tr
an

sf
er

re
d

 b
et

w
ee

n 
al

go
ri

th
m

s,
 o

r 
w

hi
ch

 is
 to

 b
e 

m
ad

e 
p

er
si

st
en

t m
u

st
 r

es
id

e 
w

it
hi

n 
a 

d
at

a 
st

or
e.

 In
 th

is
 c

ha
p

te
r 

w
e 

u
se

 a
 tr

iv
ia

l e
ve

nt
 d

at
a 

m
od

el
 to

 
lo

ok
 a

t h
ow

 to
 a

cc
es

s 
d

at
a 

w
it

hi
n 

th
e 

st
or

es
, a

nd
 a

ls
o 

at
 th

e 
D
a
t
a
O
b
j
e
c
t

 b
as

e 
cl

as
s 

an
d

 s
om

e 
co

nt
ai

ne
r 

cl
as

se
s 

re
la

te
d

 to
 it

.

W
e 

al
so

 c
ov

er
 h

ow
 to

 d
ef

in
e 

yo
u

r 
ow

n 
d

at
a 

ty
pe

s 
an

d
 th

e 
st

ep
s 

ne
ce

ss
ar

y 
to

 s
av

e 
ne

w
ly

 
cr

ea
te

d
 o

bj
ec

ts
 to

 d
is

k 
fi

le
s.

 T
h

e 
w

ri
ti

n
g 

of
 th

e 
co

nv
er

te
rs

 n
ec

es
sa

ry
 fo

r 
th

e 
la

tt
er

 is
 c

ov
er

ed
 in

 
C

ha
pt

er
 1

3.

6.
2 

 U
si

n
g

 t
h

e 
d

at
a 

st
o

re
s

T
he

re
 a

re
 fo

u
r 

d
at

a 
st

or
es

 c
u

rr
en

tl
y 

im
p

le
m

en
te

d
 w

it
hi

n 
th

e 
G

au
d

i f
ra

m
ew

or
k:

 th
e 

ev
en

t d
at

a 
st

or
e,

 th
e 

de
te

ct
or

 d
at

a 
st

or
e,

 th
e 

hi
st

og
ra

m
 s

to
re

 a
nd

 th
e 

n-
tu

p
le

 s
to

re
. E

ve
nt

 d
at

a 
is

 th
e 

su
bj

ec
t o

f t
hi

s 
ch

ap
te

r. 
T

he
 o

th
er

 d
at

a 
st

or
es

 a
re

 d
es

cr
ib

ed
 in

 c
h

ap
te

rs
 8

, 9
 a

nd
 1

0 
re

sp
ec

ti
ve

ly
. 

T
he

 s
to

re
s 

th
em

se
lv

es
 a

re
 n

o 
m

or
e 

th
an

 lo
gi

ca
l c

on
st

ru
ct

s 
w

it
h

 th
e 

ac
tu

al
 a

cc
es

s 
to

 th
e 

da
ta

 
be

in
g 

vi
a 

th
e 

co
rr

es
p

on
d

in
g 

se
rv

ic
es

. B
ot

h 
th

e 
ev

en
t d

at
a 

se
rv

ic
e 

an
d

 th
e 

d
et

ec
to

r 
d

at
a 

se
rv

ic
e 

im
p

le
m

en
t t

he
 s

am
e 
I
D
a
t
a
P
r
o
v
i
d
e
r
S
v
c

 in
te

rf
ac

e,
 w

hi
ch

 c
an

 b
e 

us
ed

 b
y 

al
go

ri
th

m
s 

to
 

re
tr

ie
ve

 a
nd

 s
to

re
 d

at
a.

 T
he

 h
is

to
gr

am
 a

nd
 n

-t
u

pl
e 

se
rv

ic
es

 im
pl

em
en

t e
xt

en
d

ed
 v

er
si

on
s 

of
 

th
is

 in
te

rf
ac

e 
(
I
H
i
s
t
o
g
r
a
m
S
v
c
,

 I
N
T
u
p
l
e
S
v
c

) w
h

ic
h 

of
fe

r 
m

et
ho

d
s 

fo
r 

cr
ea

ti
ng

 a
nd

 
m

an
ip

u
la

ti
ng

 h
is

to
gr

am
s 

an
d

 n
-t

u
pl

es
, i

n 
ad

d
it

io
n 

to
 th

e 
d

at
a 

ac
ce

ss
 m

et
ho

d
s 

p
ro

vi
d

ed
 b

y 
th

e 
ot

he
r 

tw
o 

st
or

es
.

O
nl

y 
ob

je
ct

s 
of

 a
 ty

pe
 d

er
iv

ed
 fr

om
 th

e 
D
a
t
a
O
b
j
e
c
t

 b
as

e 
cl

as
s 

m
ay

 b
e 

p
la

ce
d

 d
ir

ec
tl

y 
w

it
hi

n 
a 

d
at

a 
st

or
e.

 W
it

hi
n 

th
e 

st
or

e 
th

e 
ob

je
ct

s 
ar

e 
ar

ra
ng

ed
 in

 a
 tr

ee
 s

tr
u

ct
u

re
, j

u
st

 li
ke

 a
 U

ni
x 

fi
le

 
sy

st
em

. A
s 

an
 e

xa
m

p
le

 c
on

si
d

er
 F

ig
ur

e 
6.

1 
w

hi
ch

 s
h

ow
s 

th
e 

tr
iv

ia
l t

ra
ns

ie
nt

 e
ve

nt
 d

at
a 

m
od

el
 

of
 th

e 
R
o
o
t
I
O

 e
xa

m
p

le
. A

n 
ob

je
ct

 is
 id

en
ti

fi
ed

 b
y 

it
s 

po
si

ti
on

 in
 th

e 
tr

ee
 e

xp
re

ss
ed

 a
s 

a 
st

ri
ng

 



G
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U
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  A

cc
es

si
ng

 d
at
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V
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si
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su
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9/
0

p
ag

e 
 4

8
 

  

su
ch

 a
s:

 “
/
E
v
e
n
t

”,
 o

r 
“/
E
v
e
n
t
/
M
y
T
r
a
c
k
s

”.
 I

n 
p

ri
nc

ip
le

 th
e 

st
ru

ct
u

re
 o

f t
he

 tr
ee

, i
.e

. t
he

 s
et

 
of

 a
ll 

va
lid

 p
at

hs
, m

ay
 b

e 
d

ed
uc

ed
 a

t r
u

n 
ti

m
e 

by
 m

ak
in

g 
re

pe
at

ed
 q

u
er

ie
s 

to
 th

e 
ev

en
t d

at
a 

se
rv

ic
e,

 b
u

t t
hi

s 
is

 u
nl

ik
el

y 
to

 b
e 

us
ef

u
l i

n 
ge

ne
ra

l s
in

ce
 th

e 
st

ru
ct

ur
e 

w
ill

 b
e 

la
rg

el
y 

fi
xe

d.

In
te

ra
ct

io
ns

 w
it

h 
th

e 
d

at
a 

st
or

es
 a

re
 u

su
al

ly
 v

ia
 th

e 
I
D
a
t
a
P
r
o
v
i
d
e
r
S
v
c

 in
te

rf
ac

e,
 w

ho
se

 
ke

y 
m

et
ho

d
s 

ar
e 

sh
ow

n 
in

 L
is

ti
n

g 
6.

1

T
he

 fi
rs

t f
ou

r 
m

et
h

od
s 

ar
e 

fo
r 

re
tr

ie
vi

ng
 a

 p
oi

nt
er

 to
 a

n
 o

bj
ec

t t
ha

t i
s 

al
re

ad
y 

in
 th

e 
st

or
e.

 H
ow

 
th

e 
ob

je
ct

 g
ot

 in
to

 th
e 

st
or

e,
 w

he
th

er
 it

 h
as

 b
ee

n 
re

ad
 in

 fr
om

 a
 p

er
si

st
en

t s
to

re
 o

r 
ad

d
ed

 to
 th

e 
st

or
e 

by
 a

n 
al

go
ri

th
m

, i
s 

ir
re

le
va

nt
. 

T
he

 f
i
n
d

 a
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u
lt

ip
le

 
in

he
ri

ta
nc

e)
.

A
s 

m
en

ti
on

ed
 a

bo
ve

, o
bj

ec
ts

 w
hi

ch
 a

re
 c

on
ta

in
ed

 w
it

hi
n 

on
e 

of
 th

es
e 

co
nt

ai
ne

r 
ob

je
ct

s 
m

ay
 

no
t b

e 
lo

ca
te

d
, o

r 
re

gi
st

er
ed

, i
nd

iv
id

u
al

ly
 w

it
hi

n 
th

e 
st

or
e.

 O
nl

y 
th

e 
co

nt
ai

ne
r 

ob
je

ct
 m

ay
 b

e 
lo

ca
te

d 
vi

a 
a 

ca
ll 

to
 f
i
n
d
O
b
j
e
c
t
(
)
 o

r 
r
e
t
r
i
e
v
e
O
b
j
e
c
t
(
)

. T
hu

s 
w

it
h 

re
ga

rd
 to

 in
te

ra
ct

io
n 

w
it

h 
th

e 
d

at
a 

st
or

es
 a

 c
on

ta
in

er
 o

bj
ec

t a
nd

 th
e 

ob
je

ct
s 

th
at

 it
 c

on
ta

in
s 

be
ha

ve
 a

s 
a 

si
ng

le
 o

bj
ec

t. 

T
he

 in
te

nt
io

n 
is

 th
at

 “
sm

al
l”

 o
bj

ec
ts

 s
uc

h 
as

 c
lu

st
er

s,
 h

it
s,

 tr
ac

ks
, e

tc
. a

re
 d

er
iv

ed
 fr

om
 th

e 
C
o
n
t
a
i
n
e
d
O
b
j
e
c
t

 b
as

e 
cl

as
s 

an
d

 th
at

 in
 g

en
er

al
 a

lg
or

it
hm

s 
w

ill
 ta

ke
 o

bj
ec

t c
on

ta
in

er
s 

as
 

th
ei

r 
in

p
u

t d
at

a 
an

d
 p

ro
d

u
ce

 n
ew

 o
bj

ec
t c

on
ta

in
er

s 
of

 a
 d

iff
er

en
t t

yp
e 

as
 th

ei
r 

ou
tp

u
t.

T
he

 r
ea

so
n 

be
hi

nd
 th

is
 is

 e
ss

en
ti

al
ly

 o
ne

 o
f o

pt
im

iz
at

io
n.

 If
 a

ll 
ob

je
ct

s 
w

er
e 

tr
ea

te
d

 o
n 

an
 

eq
ua

l f
oo

ti
n

g,
 th

en
 th

er
e 

w
ou

ld
 b

e 
m

an
y 

m
or

e 
ac

ce
ss

es
 to

 th
e 

p
er

si
st

en
t s

to
re

 to
 r

et
ri

ev
e 

ve
ry

 
sm

al
l o

bj
ec

ts
. B

y 
gr

ou
pi

ng
 o

bj
ec

ts
 to

ge
th

er
 li

ke
 th

is
 w

e 
ar

e 
ab

le
 to

 h
av

e 
fe

w
er

 a
cc

es
se

s,
 w

it
h 

ea
ch

 a
cc

es
s 

re
tr

ie
vi

ng
 b

ig
ge

r 
ob

je
ct

s.

 
p

ag
e 

 5
1
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au
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U
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C
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pt
er
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cc
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ng

 d
at
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V
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6.
5 

 U
si

n
g

 o
b

je
ct

 c
o

n
ta

in
er

s

T
he

 c
od

e 
fr

ag
m

en
t b

el
ow

 s
ho

w
s 

th
e 

cr
ea

ti
on

 o
f a

n 
ob

je
ct

 c
on

ta
in

er
. T

hi
s 

co
nt

ai
ne

r 
ca

n
 c

on
ta

in
 

p
oi

nt
er

s 
to

 o
bj

ec
ts

 o
f t

yp
e 
M
y
T
r
a
c
k

 a
n

d 
on

ly
 to

 o
bj

ec
ts

 o
f t

hi
s 

ty
pe

 (i
n

cl
u

di
n

g 
d

er
iv

ed
 ty

p
es

). 
A

n 
ob

je
ct

 o
f t

he
 r

eq
u

ir
ed

 ty
pe

 is
 c

re
at

ed
 o

n 
th

e 
he

ap
 (i

.e
. v

ia
 a

 c
al

l t
o 
n
e
w

) a
nd

 is
 a

d
d

ed
 to

 th
e 

co
nt

ai
ne

r 
w

it
h 

th
e 

st
an

da
rd

 S
T

L
 c

al
l.

A
ft

er
 th

e 
ca

ll 
to

 p
u
s
h
_
b
a
c
k
(
)

 th
e 
M
y
T
r
a
c
k

 o
bj

ec
t “

be
lo

ng
s”

 to
 th

e 
co

nt
ai

ne
r. 

If
 th

e 
co

nt
ai

ne
r 

is
 re

gi
st

er
ed

 in
to

 th
e 

st
or

e,
 th

e 
hi

ts
 th

at
 it

 c
on

ta
in

s 
w

ill
 g

o 
w

it
h 

it
. N

ot
e 

in
 p

ar
ti

cu
la

r 
th

at
 if

 y
ou

 
d

el
et

e 
th

e 
co

nt
ai

ne
r 

yo
u

 w
ill

 a
ls

o 
d

el
et

e 
it

s 
co

nt
en

ts
, i

.e
. a

ll 
of

 th
e 

ob
je

ct
s 

p
oi

nt
ed

 to
 b

y 
th

e 
p

oi
nt

er
s 

in
 th

e 
co

nt
ai

ne
r.

R
em

ov
in

g 
an

 o
bj

ec
t f

ro
m

 a
 c

on
ta

in
er

 m
ay

 b
e 

d
on

e 
in

 tw
o 

se
m

an
ti

ca
lly

 d
if

fe
re

nt
 w

ay
s.

 T
he

 
d

if
fe

re
nc

e 
be

in
g 

w
he

th
er

 o
n 

re
m

ov
al

 fr
om

 a
 c

on
ta

in
er

 th
e 

ob
je

ct
 is

 a
ls

o 
d

el
et

ed
 o

r 
no

t. 
R

em
ov

al
 w

it
h 

d
el

et
io

n 
m

ay
 b

e 
ac

h
ie

ve
d

 in
 s

ev
er

al
 w

ay
s 

(f
ol

lo
w

in
g 

p
re

vi
ou

s 
co

d
e 

fr
ag

m
en

t)
:

F
ig

u
re

 6
.2

 T
he

 r
el

at
io

ns
hi

p 
b

et
w

e
en

 th
e 

D
at

aO
b

je
ct

, 
O

bj
e

ct
V

ec
to

r 
an

d 
C

on
ta

in
e

dO
bj

ec
t c

la
ss

es
.

pa
re

nt

D
at

aO
b

je
ct

O
b

je
ct

V
ec

to
r

T

O
b

je
ct

C
o

n
ta

in
er

B
as

e

T

C
o

n
ta

in
ed

O
b

je
ct

O
b
j
e
c
t
V
e
c
t
o
r
 
<
M
y
T
r
a
c
k
>

t
r
a
c
k
C
o
n
t
a
i
n
e
r
;

M
y
T
r
a
c
k
*
 

h
1
 
=
 
n
e
w
 
M
y
T
r
a
c
k
;

t
r
a
c
k
C
o
n
t
a
i
n
e
r
.
p
u
s
h
_
b
a
c
k
(
h
1
)
;

t
r
a
c
k
C
o
n
t
a
i
n
e
r
.
p
o
p
_
b
a
c
k
(
)
;

t
r
a
c
k
C
o
n
t
a
i
n
e
r
.
e
r
a
s
e
(
 
e
n
d
(
)
 
)
;

d
e
l
e
t
e
 
h
1
;



G
au

di
 

U
se

rs
 G

ui
de

C
ha

pt
er

 6
  A

cc
es

si
ng

 d
at

a 
V

er
si

on
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su
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0

p
ag

e 
 5

2
 

  

T
he

 m
et

ho
d

 p
o
p
_
b
a
c
k
(
)

 r
em

ov
es

 th
e 

la
st

 e
le

m
en

t i
n

 th
e 

co
nt

ai
ne

r, 
w

he
re

as
 e
r
a
s
e
(
)

 
m

ay
be

 u
se

d
 to

 re
m

ov
e 

an
y 

ot
he

r 
el

em
en

t v
ia

 a
n 

it
er

at
or

. I
n 

th
e 

co
de

 fr
ag

m
en

t a
bo

ve
 it

 is
 u

se
d

 
to

 r
em

ov
e 

th
e 

la
st

 e
le

m
en

t a
ls

o.

D
el

et
in

g 
a 

co
nt

ai
n

ed
 o

bj
ec

t, 
th

e 
th

ir
d

 o
pt

io
n 

ab
ov

e,
 w

ill
 a

u
to

m
at

ic
al

ly
 tr

ig
ge

r 
it

s 
re

m
ov

al
 

fr
om

 th
e 

co
nt

ai
ne

r. 
T

hi
s 

is
 d

on
e 

by
 th

e 
d

es
tr

uc
to

r 
of

 th
e 
C
o
n
t
a
i
n
e
d
O
b
j
e
c
t

 b
as

e 
cl

as
s.

If
 y

ou
 w

is
h 

to
 r

em
ov

e 
an

 o
bj

ec
t f

ro
m

 th
e 

co
nt

ai
ne

r 
w

it
ho

u
t d

es
tr

oy
in

g 
it

 (t
he

 s
ec

on
d

 p
os

si
bl

e 
se

m
an

ti
c)

 u
se

 th
e 
r
e
l
e
a
s
e
(
)

 m
et

ho
d

:

Si
nc

e 
th

e 
fa

te
 o

f a
 c

on
ta

in
ed

 o
bj

ec
t i

s 
so

 c
lo

se
ly

 ti
ed

 to
 th

at
 o

f i
ts

 c
on

ta
in

er
 li

fe
 w

ou
ld

 b
ec

om
e 

m
or

e 
co

m
p

le
x 

if
 o

bj
ec

ts
 c

ou
ld

 b
el

on
g 

to
 m

or
e 

th
an

 o
ne

 c
on

ta
in

er
. S

u
p

po
se

 th
at

 a
n 

ob
je

ct
 

be
lo

ng
ed

 to
 tw

o 
co

nt
ai

ne
rs

, o
ne

 o
f w

hi
ch

 w
as

 d
el

et
ed

. S
ho

u
ld

 th
e 

ob
je

ct
 b

e 
d

el
et

ed
 a

nd
 

re
m

ov
ed

 fr
om

 th
e 

se
co

nd
 c

on
ta

in
er

, o
r 

no
t d

el
et

ed
? 

To
 a

vo
id

 s
u

ch
 is

su
es

 a
n 

ob
je

ct
 is

 a
llo

w
ed

 
to

 b
el

on
g 

to
 a

 s
in

gl
e 

co
nt

ai
ne

r 
on

ly
. 

If
 y

ou
 w

is
h 

to
 m

ov
e 

an
 o

bj
ec

t f
ro

m
 o

ne
 c

on
ta

in
er

 to
 a

no
th

er
, y

ou
 m

u
st

 fi
rs

t r
em

ov
e 

it
 f

ro
m

 
on

e 
an

d
 th

en
 a

d
d

 to
 th

e 
ot

he
r. 

H
ow

ev
er

, t
h

e 
fi

rs
t o

pe
ra

ti
on

 is
 d

on
e 

im
pl

ic
it

ly
 fo

r 
yo

u 
w

he
n 

yo
u

 tr
y 

to
 a

d
d

 a
n 

ob
je

ct
 to

 a
 s

ec
on

d
 c

on
ta

in
er

:

Si
nc

e 
th

e 
ob

je
ct

 h
1

 h
as

 a
 li

nk
 b

ac
k 

to
 it

s 
co

nt
ai

ne
r, 

th
e 
p
u
s
h
_
b
a
c
k
(
)

 m
et

ho
d

 is
 a

bl
e 

to
 fi

rs
t 

fo
llo

w
 th

is
 li

nk
 a

nd
 in

vo
ke

 th
e 
r
e
l
e
a
s
e
(
)

 m
et

ho
d

 to
 r

em
ov

e 
th

e 
ob

je
ct

 fr
om

 th
e 

fi
rs

t 
co

nt
ai

ne
r, 

be
fo

re
 a

d
di

n
g 

it
 in

to
 th

e 
se

co
nd

.

In
 g

en
er

al
 y

ou
r 

fi
rs

t e
xp

os
u

re
 to

 o
bj

ec
t c

on
ta

in
er

s 
is

 li
ke

ly
 to

 b
e 

w
he

n 
re

tr
ie

vi
ng

 d
at

a 
fr

om
 th

e 
ev

en
t d

at
a 

st
or

e.
 T

he
 s

am
p

le
 c

od
e 

in
 L

is
ti

n
g 

6.
3 

sh
ow

s 
ho

w
, o

n
ce

 y
ou

 h
av

e 
re

tr
ie

ve
d

 a
n 

ob
je

ct
 

co
nt

ai
ne

r 
fr

om
 th

e 
st

or
e 

yo
u 

m
ay

 it
er

at
e 

ov
er

 it
s 

co
nt

en
ts

, j
u

st
 a

s 
w

it
h 

an
 S

T
L

 v
ec

to
r.

t
r
a
c
k
C
o
n
t
a
i
n
e
r
.
r
e
l
e
a
s
e
(
h
1
)
;

c
o
n
t
a
i
n
e
r
1
.
p
u
s
h
_
b
a
c
k
(
h
1
)
;
 
/
/
 
A
d
d
 
t
o
 
f
i
s
t
 
c
o
n
t
a
i
n
e
r

c
o
n
t
a
i
n
e
r
2
.
p
u
s
h
_
b
a
c
k
(
h
1
)
;
 
/
/
 
M
o
v
e
 
t
o
 
s
e
c
o
n
d
 
c
o
n
t
a
i
n
e
r

/
/
 
I
n
t
e
r
n
a
l
l
y
 
i
n
v
o
k
e
s
 
r
e
l
e
a
s
e
(
)
.

L
is

ti
n

g
 6

.3
   

U
se

 o
f t

h
e 

O
bj

ec
tV

ec
to

r 
te

m
pl

at
ed

 c
la

ss
.

1
:

t
y
p
e
d
e
f
 
O
b
j
e
c
t
V
e
c
t
o
r
<
M
y
T
r
a
c
k
>
 
M
y
T
r
a
c
k
V
e
c
t
o
r
;

2
:

M
y
T
r
a
c
k
V
e
c
t
o
r
 
*
t
r
a
c
k
s
;

3
:

M
y
T
r
a
c
k
V
e
c
t
o
r
:
:
i
t
e
r
a
t
o
r
 
i
t
;

4
:

5
:

f
o
r
(
 
i
t
 
=
 
t
r
a
c
k
s
-
>
b
e
g
i
n
(
)
;
 
i
t
 
!
=
 
t
r
a
c
k
s
-
>
e
n
d
(
)
;
 
i
t
+
+
 
)
 
{

6
:

/
/
 
G
e
t
 
t
h
e
 
e
n
e
r
g
y
 
o
f
 
t
h
e
 
t
r
a
c
k
 
a
n
d
 
h
i
s
t
o
g
r
a
m
 
i
t

7
:

d
o
u
b
l
e
 
e
n
e
r
g
y
 
=
 
(
*
i
t
)
-
>
f
o
u
r
M
o
m
e
n
t
u
m
(
)
.
e
(
)
;

8
:

m
_
h
E
n
e
r
g
y
D
i
s
t
-
>
f
i
l
l
(
 
e
n
e
r
g
y
,
 
1
.
 
)
;

9
:

}

 
p

ag
e 

 5
3

  G
au

di
 

U
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 G
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C
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er
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  A

cc
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si
ng

 d
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V
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/Is

su
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9/
0

T
he

 v
ar

ia
bl

e 
t
r
a
c
k
s

 is
 s

et
 to

 p
oi

nt
 to

 a
n 

ob
je

ct
 in

 th
e 

ev
en

t d
at

a 
st

or
e 

of
 ty

p
e:

 
O
b
j
e
c
t
V
e
c
t
o
r
<
M
y
T
r
a
c
k
>

 w
it

h
 a

 d
yn

am
ic

 c
as

t (
no

t s
ho

w
n 

ab
ov

e)
. A

n 
it

er
at

or
 (i

.e
. a

 
p

oi
nt

er
-l

ik
e 

ob
je

ct
 fo

r 
lo

op
in

g 
ov

er
 th

e 
co

nt
en

ts
 o

f t
he

 c
on

ta
in

er
) i

s 
de

fi
ne

d
 o

n 
lin

e 
3 

an
d

 th
is

 
is

 u
se

d
 w

it
hi

n 
th

e 
lo

op
 to

 p
oi

n
t c

on
se

cu
ti

ve
ly

 to
 e

ac
h 

of
 th

e 
co

nt
ai

ne
d

 o
bj

ec
ts

. I
n 

th
is

 c
as

e 
th

e 
ob

je
ct

s 
co

n
ta

in
ed

 w
it

hi
n 

th
e 
O
b
j
e
c
t
V
e
c
t
o
r

 a
re

 o
f t

yp
e 

“p
oi

n
te

r 
to

 M
y
T
r
a
c
k

”.
 T

h
e 

it
er

at
or

 
re

tu
rn

s 
ea

ch
 o

bj
ec

t i
n 

tu
rn

 a
nd

 in
 th

e 
ex

am
p

le
, t

he
 e

ne
rg

y 
of

 th
e 

ob
je

ct
 is

 u
se

d
 to

 fi
ll 

a 
hi

st
og

ra
m

.

6.
6 

 D
at

a 
ac

ce
ss

 c
h

ec
kl

is
t

A
 li

tt
le

 r
em

in
d

er
: 

•
D

o 
no

t d
e
l
e
t
e

 o
bj

ec
ts

 th
at

 y
ou

 h
av

e 
re

gi
st

er
ed

.

•
D

o 
no

t d
e
l
e
t
e

 o
bj

ec
ts

 th
at

 a
re

 c
on

ta
in

ed
 w

it
h

in
 a

n
 o

bj
ec

t t
ha

t y
ou

 h
av

e 
re

gi
st

er
ed

.

•
D

o 
no

t r
eg

is
te

r 
lo

ca
l o

bj
ec

ts
, i

.e
. o

bj
ec

ts
 N

O
T

 c
re

at
ed

 w
it

h 
th

e 
n
e
w

 o
pe

ra
to

r.

•
D

o 
no

t d
el

et
e 

ob
je

ct
s 

w
hi

ch
 y

ou
 g

ot
 fr

om
 th

e 
st

or
e 

vi
a 
f
i
n
d
O
b
j
e
c
t
(
)

 o
r 

r
e
t
r
i
e
v
e
O
b
j
e
c
t
(
)

.

•
D

o 
d

el
et

e 
ob

je
ct

s 
w

hi
ch

 y
ou

 c
re

at
e 

on
 th

e 
h

ea
p,

 i.
e.

 b
y 

a 
ca

ll 
to

 n
e
w,

 a
n

d 
w

hi
ch

 y
ou

 
do

 n
ot

 r
eg

is
te

r 
in

to
 a

 s
to

re
.

6.
7 

 D
ef

in
in

g
 D

at
a 

O
b

je
ct

s

If
 y

ou
 w

an
t t

o 
cr

ea
te

 a
 n

ew
 d

at
a 

ob
je

ct
 in

 th
e 

tr
an

si
en

t o
r 

p
er

si
st

en
t s

to
re

s 
of

 G
au

d
i, 

yo
u

 w
ill

 
ha

ve
 to

 d
ef

in
e 

th
e 

st
ru

ct
ur

e 
of

 th
is

 o
bj

ec
t. 

T
hi

s 
st

ru
ct

ur
e 

w
ill

 b
e 

d
ef

in
ed

 b
y 

C
+

+
-c

la
ss

es
. T

he
se

 
cl

as
se

s 
in

 g
en

er
al

 lo
ok

 v
er

y 
si

m
ila

r 
to

 e
ac

h 
ot

h
er

; m
ai

nl
y 

th
ey

 d
ef

in
e 

th
e 

m
em

be
rs

 o
f t

he
 c

la
ss

, 
w

hi
ch

 a
re

 e
it

he
r 

d
at

a 
va

lu
es

 o
r 

w
hi

ch
 p

oi
nt

 to
 a

no
th

er
 c

la
ss

 (e
g.
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ia

 a
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m
ar

t R
ef

er
en

ce
 - 

se
e 

Se
ct

io
n

6.
9)

. F
or

 e
ac

h
 o

f t
he

se
 m

em
be

rs
 th

er
e 

is
 u

su
al

ly
 a

 s
et

- a
nd

 a
 g

et
-m

et
ho

d
 a

nd
 s

om
e 

m
or

e 
st

u
ff

 f
or

 th
e 

Sm
ar

t R
ef

er
en

ce
 V

ec
to

rs
.

T
he

 w
ri

ti
ng

 o
f t

he
se

 c
la

ss
es

 is
 a

 te
d

io
u

s 
ta

sk
 a

nd
 h

av
in

g 
to

 w
ri

te
 th

is
 r

ed
un

da
nt

 in
fo

rm
at

io
n 

m
an

y 
ti

m
es

, o
f c

ou
rs

e,
 a

ls
o 

be
ar

s 
th

e 
ri

sk
 o

f m
an

y 
un

ne
ce

ss
ar

y 
ty

p
os

. T
o 

ov
er

co
m

e 
th

is
 

p
ro

bl
em

 o
ne

 m
ay

 u
se

 X
M

L
 in

 c
on

ju
nc

ti
on

 w
it

h 
th

e 
G
a
u
d
i
O
b
j
D
e
s
c

 p
ac

ka
ge

 to
 d

es
cr

ib
e 

th
e 

d
at

a-
ob

je
ct

s.
 T

he
re

 w
er

e 
tw

o 
ke

y 
is

su
es

 w
hi

ch
 le

d
 to

 th
e 

d
ev

el
op

m
en

t o
f t

hi
s 

d
es

cr
ip

ti
on

 
la

ng
u

ag
e:

•
Th

e 
co

re
 in

fo
rm

at
io

n 
of

 a
 d

at
a-

ob
je

ct
 li

es
 in

 th
e 

m
em

be
rs

 o
f t

he
 c

la
ss

, m
os

t o
f t

he
 r

es
t 

is
 r

ed
u

nd
an

t i
nf

or
m

at
io

n 
w

h
ic

h 
ca

n
 b

e 
pr

od
uc

ed
 a

u
to

m
at

ic
al

ly
 a

ro
u

nd
 th

e 
m

em
be

rs
.

•
Th

er
e 

is
 a

 lo
t o

f i
nf

or
m

at
io

n 
w

hi
ch

 a
ls

o 
m

u
st

 b
e 

p
ro

vi
d

ed
, b

u
t w

hi
ch

 h
as

 a
 

de
fa

ul
t-

va
lu

e 
in

 m
os

t o
f t

h
e 

ca
se

s.

T
he

 in
fo

rm
at

io
n 

p
ro

vi
d

ed
 in

 th
e 

X
M

L
 fi

le
s 

ca
n 

be
 u

se
d

 to
 p

ro
d

uc
e 

no
t o

nl
y 

th
e 

ob
je

ct
 

in
fo

rm
at

io
n 

in
 th

e 
cl

as
se

s 
bu

t a
ls

o 
re

fl
ec

ti
on

 in
fo

rm
at

io
n

 a
bo

ut
 th

e 
ob

je
ct

s 
(s

ee
 S

ec
ti

on
11

.1
1,

 
"T

he
 G

au
d

i I
nt

ro
sp

ec
ti

on
 S

er
vi

ce
")

. F
u

tu
re

 r
el

ea
se

s 
m

ay
 a

ls
o 

p
ro

d
u

ce
, e

.g
., 

co
nv

er
te

rs
, o

r 
a 

d
es

cr
ip

ti
on

 o
f t

he
 o

bj
ec

t i
n 

ot
he

r 
la

ng
u

ag
es

.
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A
s 

an
 e

xa
m

pl
e,

 th
e 

fo
llo

w
in

g 
X

M
L

 c
od

e 
de

sc
ri

be
s 

an
 M
C
P
a
r
t
i
c
l
e

 c
la

ss
:

A
ll 

of
 th

e 
el

em
en

ts
 in

 th
is

 li
st

in
g 

(e
g.

 <
c
l
a
s
s
>

, <
a
t
t
r
i
b
u
t
e
>

, <
r
e
l
a
t
i
o
n
>

) h
av

e 
se

ve
ra

l 
at

tr
ib

u
te

s 
w

it
h 

d
ef

au
lt

 v
al

u
es

 (e
g.

 fo
r 

re
la

ti
on

s 
an

d
 a

tt
ri

bu
te

s 
"
 
s
e
t
M
e
t
h
=
’
T
R
U
E
’
 
"

),
 w

hi
ch

 
d

on
’t 

ha
ve

 to
 b

e 
m

en
ti

on
ed

 e
xp

lic
it

ly
. I

f o
ne

 d
oe

sn
’t 

w
an

t t
o 

u
se

 th
e 

d
ef

au
lt

, t
he

 o
nl

y 
th

in
g 

th
at

 h
as

 to
 b

e 
d

on
e 

is
 to

 s
et

 th
e 

co
rr

es
po

n
di

n
g 

at
tr

ib
u

te
 to

 a
no

th
er

 v
al

ue
. T

he
re

 a
re

 a
ls

o 
se

ve
ra

l h
oo

ks
 w

hi
ch

 c
an

 b
e 

ap
p

lie
d

 e
g.

 to
 d

ef
in

e 
yo

ur
 o

w
n 

m
et

ho
d

s 
if

 th
ey

 w
er

e 
n

ot
 c

re
at

ed
 

au
to

m
at

ic
al

ly
. T

he
 c

om
p

le
te

 s
yn

ta
x 

of
 th

is
 d

es
cr

ip
ti

on
 la

ng
ua

ge
 c

an
 b

e 
fo

un
d

 o
n 

th
e 

w
eb

 a
t 

t(
ht

tp
://

ce
rn

.c
h/

lh
cb

-c
om

p/
Fr

am
ew

or
ks

/D
at

aD
ic

ti
on

ar
y/

).

O
nc

e 
a 

se
t o

f d
at

a-
ob

je
ct

s 
is

 d
ef

in
ed

, t
he

 X
M

L
 fi

le
 h

as
 to

 b
e 

sa
ve

d
 to

 th
e 
x
m
l

 d
ir

ec
to

ry
 o

f t
he

 
p

ac
ka

ge
. T

he
 p

ro
d

uc
ti

on
 o

f t
he

 C
+

+ 
he

ad
er

 f
ile

s 
co

nt
ai

ni
ng

 th
e 

ob
je

ct
 d

es
cr

ip
ti

on
 c

an
 b

e 
au

to
m

at
ed

 b
y 

ad
d

in
g 

a 
lin

e 
to

 th
e 

C
M

T
 r

eq
ui

re
m

en
ts

 fi
le

 o
f t

he
 p

ac
ka

ge
, a

s 
sh

ow
n 

fo
r 

ex
am

pl
e 

be
lo

w
:

A
no

th
er

 p
os

si
bi

li
ty

 is
 to

 p
ro

d
uc

e 
th

e 
in

fo
rm

at
io

n 
by

 h
an

d
 w

it
h 

th
e 

to
ol

s 
of

 th
e 

G
a
u
d
i
O
b
j
D
e
s
c

 p
ac

ka
ge

 (e
g.

 G
O
D
C
p
p
H
e
a
d
e
r
W
r
i
t
e
r
.
e
x
e

) a
nd

 th
en

 c
om

p
ile
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1 
T

h
e 
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T
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 c
la

ss
 d

ef
in

it
io

n
 o

n 
lin

e 
1 
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ti

ng
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 c

on
ta

in
s 

an
 ’i
d

’ a
tt

ri
bu

te
. T

hi
s 

cl
as

s 
id

en
ti

fi
er

 is
 

re
qu

ir
ed

 if
 th

e 
ob

je
ct

s 
of

 th
is

 c
la

ss
 a

re
 to

 b
e 

m
ad

e 
pe

rs
is

te
nt

. I
t i

s 
us

ed
 b

y 
th

e 
d

at
a 

p
er

si
st

en
cy

 
se

rv
ic

es
 to

 m
ak

e 
th

e 
tr

an
sl

at
io

n 
be

tw
ee

n 
th

e 
tr

an
si

en
t a

nd
 p

er
si

st
en

t r
ep

re
se

nt
at

io
ns

 o
f t

he
 

ob
je

ct
, i

si
ng

 th
e 

co
nv

er
so

in
 m

ec
ha

ni
sm

 d
es

cr
ib

ed
 in

 C
ha

p
te

r 
13

. F
or

 th
is

 m
ec

ha
ni

sm
 to

 w
or

k,
 

th
es

e 
id

en
ti

fi
er

s 
m

u
st

 u
ni

qu
el

y 
id

en
ti

fy
 th

e 
cl

as
s 

an
d

 n
o 

tw
o 

cl
as

se
s 

m
ay

 h
av

e 
th

e 
sa

m
e 

id
en

ti
fi

er
. T

h
e 

lis
t o

f c
u

rr
en

tl
y 

al
lo

ca
te

d
 c

la
ss

 I
D

s 
is

 a
va

ila
bl

e 
fr

om
 th

e 
w

eb
 a

t 
ht

tp
://

ce
rn

.c
h/

lh
cb

-c
om

p/
Fr

am
ew

or
ks

/E
ve

nt
M

od
el

/C
LI

D
.h

tm
. T

hi
s 

w
eb

 p
ag

e 
al

so
 d

es
cr

ib
es

 th
e 

p
ro

ce
d

ur
e 

fo
r 

al
lo

ca
ti

ng
 n

ew
 c

la
ss

 I
D

s.

Ty
pe

s 
w

hi
ch

 a
re

 d
er

iv
ed

 fr
om

 C
o
n
t
a
i
n
e
d
O
b
j
e
c
t

 m
u

st
 h

av
e 

a 
cl

as
s 

ID
 in

 th
e 

ra
ng

e 
of

 a
n 

u
n
s
i
g
n
e
d
 
s
h
o
r
t

. C
on

ta
in

ed
 o

bj
ec

ts
 m

ay
 o

nl
y 

re
si

d
e 

in
 th

e 
st

or
e 

w
he

n 
th

ey
 b

el
on

g 
to

 a
 

co
nt

ai
ne

r, 
e.

g.
 a

n 
O
b
j
e
c
t
V
e
c
t
o
r
<
T
>

 w
hi

ch
 is

 r
eg

is
te

re
d

 in
to

 th
e 

st
or

e.
 T

h
e 

cl
as

s 
id

en
ti

fi
er

 o
f 

a 
co

nc
re

te
 o

bj
ec

t c
on

ta
in

er
 c

la
ss

 is
 c

al
cu

la
te

d
 (a

t r
un

 ti
m

e)
 fr

om
 th

e 
ty

pe
 o

f t
he

 o
bj

ec
ts

 w
hi

ch
 it

 
co

nt
ai

ns
, b

y 
se

tt
in

g 
bi

t 1
6.

L
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n

g
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P
ar

t o
f t

he
 X

M
L

 d
es

cr
ip

tio
n 

of
 th

e 
M

C
P

a
rt

ic
le

 c
la

ss

1
:

<
c
l
a
s
s
 
n
a
m
e
=
’
M
C
P
a
r
t
i
c
l
e
’
 
a
u
t
h
o
r
=
’
P
a
v
e
l
 
B
i
n
k
o
’
 
i
d
=
’
2
1
0
’
 
d
e
s
c
=
’
T
h
e
 
M
o
n
t
e
 

C
a
r
l
o
 
p
a
r
t
i
c
l
e
 
k
i
n
e
m
a
t
i
c
s
 
i
n
f
o
r
m
a
t
i
o
n
’
>

2
:

 
 
<
b
a
s
e
 
n
a
m
e
=
’
C
o
n
t
a
i
n
e
d
O
b
j
e
c
t
’
/
>

3
:

 
 
<
a
t
t
r
i
b
u
t
e
 
n
a
m
e
=
’
s
u
b
E
v
t
I
D
’
 
t
y
p
e
=
’
s
h
o
r
t
’
 
d
e
s
c
=
’
S
u
b
-
e
v
e
n
t
 
I
D
’
/
>

4
:

 
 
<
r
e
l
a
t
i
o
n
 
n
a
m
e
=
’
o
r
i
g
i
n
M
C
V
e
r
t
e
x
’
 
m
u
l
t
i
p
l
i
c
i
t
y
=
’
1
’
 
t
y
p
e
=
’
M
C
V
e
r
t
e
x
’
 

d
e
s
c
=
’
P
o
i
n
t
e
r
 
t
o
 
o
r
i
g
i
n
 
v
e
r
t
e
x
’
/
>

5
:

 
 
<
r
e
l
a
t
i
o
n
 
n
a
m
e
=
’
d
e
c
a
y
M
C
V
e
r
t
i
c
e
s
’
 
m
u
l
t
i
p
l
i
c
i
t
y
=
’
M
’
 
t
y
p
e
=
’
M
C
V
e
r
t
e
x
’
 

d
e
s
c
=
’
V
e
c
t
o
r
 
o
f
 
p
o
i
n
t
e
r
s
 
t
o
 
d
e
c
a
y
 
v
e
r
t
i
c
e
s
’
/
>

6
:
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/
c
l
a
s
s
>

d
o
c
u
m
e
n
t
 
o
b
j
2
d
o
t
h
 
L
H
C
b
E
v
e
n
t
O
b
j
2
D
o
t
h
 
.
.
/
x
m
l
/
L
H
C
b
E
v
e
n
t
.
x
m
l

 
p

ag
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 T
h

e 
S

m
ar

tD
at

aP
tr

/S
m

ar
tD

at
aL

o
ca

to
r 

u
ti

lit
ie

s

T
he

 u
sa

ge
 o

f t
he

 d
at

a 
se

rv
ic

es
 is

 s
im

p
le

, b
u

t e
xt

en
si

ve
 s

ta
tu

s 
ch

ec
ki

ng
 a

nd
 o

th
er

 th
in

gs
 te

n
d 

to
 

m
ak

e 
th

e 
co

d
e 

d
if

fi
cu

lt
 to

 r
ea

d
. I

t w
ou

ld
 b

e 
m

or
e 

co
nv

en
ie

nt
 to

 a
cc

es
s 

d
at

a 
it

em
s 

in
 th

e 
st

or
e 

in
 a

 s
im

ila
r 

w
ay

 to
 a

cc
es

si
ng

 o
bj

ec
ts

 w
it

h 
a 

C
+

+
 p

oi
nt

er
. T

hi
s 

is
 a

ch
ie

ve
d

 w
it

h 
sm

ar
t p

oi
nt

er
s,

 
w

hi
ch

 h
id

e 
th

e 
in

te
rn

al
s 

of
 th

e 
d

at
a 

se
rv

ic
es

.

6.
8.

1 
U

si
n

g
 S

m
ar

tD
at

aP
tr

/S
m

ar
tD

at
aL

o
ca

to
r 

o
b

je
ct

s

T
he

 S
m
a
r
t
D
a
t
a
P
t
r

 a
nd

 a
 S
m
a
r
t
D
a
t
a
L
o
c
a
t
o
r

 a
re

 s
m

ar
t p

oi
nt

er
s 

th
at

 d
iff

er
 b

y 
th

e 
ac

ce
ss

 
to

 th
e 

d
at

a 
st

or
e.

 S
m
a
r
t
D
a
t
a
P
t
r

 fi
rs

t c
he

ck
s 

w
he

th
er

 th
e 

re
qu

es
te

d
 o

bj
ec

t i
s 

pr
es

en
t i

n 
th

e 
tr

an
si

en
t s

to
re

 a
nd

 lo
ad

s 
it

 if
 n

ec
es

sa
ry

 (s
im

il
ar

 to
 th

e 
r
e
t
r
i
e
v
e
O
b
j
e
c
t

 m
et

ho
d 

of
 

I
D
a
t
a
P
r
o
v
i
d
e
r
S
v
c

).
 S
m
a
r
t
D
a
t
a
L
o
c
a
t
o
r

 o
nl

y 
ch

ec
ks

 f
or

 th
e 

pr
es

en
ce

 o
f t

he
 o

bj
ec

t b
ut

 
d

oe
s 

no
t a

tt
em

pt
 to

 lo
ad

 it
 (s

im
ila

r 
to

 f
i
n
d
O
b
j
e
c
t

).

B
ot

h 
S
m
a
r
t
D
a
t
a
P
t
r

 a
nd

 S
m
a
r
t
D
a
t
a
L
o
c
a
t
o
r

 o
bj

ec
ts

 u
se

 th
e 

d
at

a 
se

rv
ic

e 
to

 g
et

 h
ol

d
 o

f t
h

e 
re

qu
es

te
d

 o
bj

ec
t a

nd
 d

el
iv

er
 it

 to
 th

e 
u

se
r. 

Si
nc

e 
bo

th
 o

bj
ec

ts
 h

av
e 

si
m

ila
r 

be
ha

vi
ou

r 
an

d
 th

e 
sa

m
e 

u
se

r 
in

te
rf

ac
e,

 in
 th

e 
fo

llo
w

in
g 

on
ly

 th
e 
S
m
a
r
t
D
a
t
a
P
t
r

 is
 d

is
cu

ss
ed

.

A
n 

ex
am

p
le

 u
se

 o
f t

he
 S
m
a
r
t
D
a
t
a
P
t
r
 

cl
as

s 
is

 s
ho

w
n 

in
 L

is
ti

ng
 6
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T
he

 S
m
a
r
t
D
a
t
a
P
t
r

 c
la

ss
 c

an
 b

e 
th

ou
gh

t o
f a

s 
a 

no
rm

al
 C

+
+ 

p
oi

nt
er

 h
av

in
g 

a 
co

ns
tr

u
ct

or
. I

t 
is

 u
se

d
 in

 th
e 

sa
m

e 
w

ay
 a

s 
a 

no
rm

al
 C

+
+ 

p
oi

nt
er

.

T
he

 S
m
a
r
t
D
a
t
a
P
t
r

 a
nd

 S
m
a
r
t
D
a
t
a
L
o
c
a
t
o
r

 o
ff

er
 a

 n
u

m
be

r 
of

 p
os

si
bl

e 
co

ns
tr

uc
to

rs
 a

nd
 

op
er

at
or

s 
to

 c
ov

er
 a

 w
id

e 
ra

ng
e 

of
 n

ee
ds

 w
he

n
 a

cc
es

si
ng

 d
at

a 
st

or
es

. C
he

ck
 th

e 
on

lin
e 

re
fe

re
nc

e 
d

oc
um

en
ta

ti
on

 [2
] f

or
 u

p
-t

o 
d

at
e 

in
fo

rm
at

io
n 

co
nc

er
n

in
g 

th
e 

in
te

rf
ac

e 
of

 th
es

e 
u
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;
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e
v
t
 
)
 
{

5
:

/
/
 
P
r
i
n
t
 
t
h
e
 
e
v
e
n
t
 
n
u
m
b
e
r

6
:

l
o
g
 
<
<
 
M
S
G
:
:
I
N
F
O
 
<
<
 
“
 
R
u
n
:
”
 
<
<
 
e
v
t
-
>
r
u
n
(
)
 

7
:

<
<
 
“
 
E
v
e
n
t
:
”
 
<
<
 
e
v
t
-
>
e
v
e
n
t
(
)
 
<
<
 
e
n
d
r
e
q
;

8
:

}
9
:

e
l
s
e
 
{

1
0
:

l
o
g
 
<
<
 
M
S
G
:
:
E
R
R
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:
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d
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R
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R
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R
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r
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c
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r
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r
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}
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i
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r
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i
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p
u
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R
O
O
T
'
"
;

A
p
p
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p
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 d
at
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u
t
p
u
t
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 d
at
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y 
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n

ol
og
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O
O
T
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h
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e 

op
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e 
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e 
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at

io
n 
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ti
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o
o
t
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v
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S
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n
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O
O
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 p
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t d
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 p
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 b
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b 
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n
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on
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 p
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 p
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 C
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d
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t d
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 c
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w
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 d
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n 
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e 
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u
s 
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d
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 c
u
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L
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C
b 
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t d
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cr
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fe
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[8

]. 
C

la
ss

es
 c
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d
es

cr
ib

ed
 in

 S
ec

ti
on

6.
7 

on
 p
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t d
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w
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 c
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p
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r 
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e 

d
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e 
m
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e 
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to
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e 

p
hy
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 a
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n 

d
ev
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u
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n
g 
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e 

fr
am
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k 
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at
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e 
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d

es
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 d
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ra
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d
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 d
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e 
an
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at
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t d
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n
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 c
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d
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d
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m

s 
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 n
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d
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n 
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r 
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 p
er

fo
rm
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r 
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b 
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ec
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u
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, e
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o 
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e 
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ed
s 
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 b
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a 
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ec
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 p
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h
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d
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th

e 
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d
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r 
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n 
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d
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f c
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 d

et
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r 

d
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ti
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 w
e 
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e 

p
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d
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g 
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d
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s 

n
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e 
th
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k 
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r 
d
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 p
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d
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e 
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 d

et
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n 
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u
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 m
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p
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 b
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e 
fo

llo
w

in
g 

se
ct

io
ns

 w
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 d

is
cu

ss
 h

ow
 to

 
ac

ce
ss

 th
e 

d
et

ec
to

r 
d

es
cr

ip
ti

on
 d
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d
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t d
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d
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w
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 d
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d
i d
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u
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L
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L
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 o
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u
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 C
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d
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 D
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 c

an
 b

e 
st

or
ed

.

8.
2 

 D
et

ec
to

r 
D

es
cr

ip
ti

o
n

 D
at

ab
as

e

T
he

 d
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 d
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 p
h
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l d
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 c
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 c
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in
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n 
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 c
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d
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h 
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en
t w
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u
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ly
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u
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u

re
d

 a
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se
m

bl
ed
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 d

et
ec

to
r, 

fo
r 

ex
am

pl
e 
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e 
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on

in
g 
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ac
h
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m
en

t. 
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d
 

p
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m
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d
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u

d
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. T
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 d
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cr
ip

ti
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 o
f a
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e 
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en
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 s

h
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ld
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w
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r 

th
e 

sp
ec

if
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at
io

n
 o

f d
ef

ic
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d

 c
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s)
, a
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nm

en
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, e
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o 

d
et

ec
to

r 
re
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se
 c
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ct
er

is
ti
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, e
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. e
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y 
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n
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 d
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it
y 
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 lo
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l d
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ip
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s 
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o 
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n 
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ti
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s.
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s 

a 
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m
p
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d
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p
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ti
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r 
p
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l d
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ec
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d
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. T
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a 
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 d
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w
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 d
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 c
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p
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ar
io

u
s 

su
b-

d
et

ec
to
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h
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is

 m
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u
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u

m
be

r 
st

at
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w
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 b
e 
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m
p
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a 

cl
ie

nt
 to

 
u
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 d
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n 
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d
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n
ct
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n 
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l d
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ip
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d
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f d
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h 
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e 
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 d
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r 
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 b
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y 
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 d
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 d
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h

e 
d
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r 

p
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l d
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cr
ip

ti
on
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m
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r 
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 d
u
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 o
r 
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p

ot
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l c
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to

 th
e 

d
et

ec
to

r. 
E
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h 

su
ch

 c
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e 
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e 
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rd
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d
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en

t v
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f t

he
 d
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ec
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r 
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h
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 b
e 
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, f
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n 
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 d
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 v
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 o
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en
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nd
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te
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to
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et
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f f
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 p
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 d
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l d
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 d
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et

ec
to

r 
D

at
a 

Tr
an

si
en

t 
S

to
re

8.
3.

1 
S

tr
u

ct
u

re
 o

f 
th

e 
tr

an
si

en
t 

st
o

re

T
he

 tr
an

si
en

t r
ep

re
se

nt
at

io
n 

of
 th

e 
d

et
ec

to
r 

d
es

cr
ip

ti
on

 is
 im

p
le

m
en

te
d

 a
s 

a 
st

an
d

ar
d

 G
au

d
i 

d
at

a 
st

or
e.

 R
ef

er
 to

 C
h

ap
te

r 
6 

fo
r 

ge
ne

ra
l i

nf
or

m
at

io
n 

on
 h

ow
 to

 a
cc

es
s 

d
at

a 
in

 s
to

re
s.

 T
he

 
st

ru
ct

u
re

 o
f t

he
 d

et
ec

to
r 

tr
an

si
en

t s
to

re
 is

 r
ep

re
se

nt
ed

 in
 F

ig
ur

e 
8.

2.

In
 th

e 
p

re
se

nt
 p

ro
d

u
ct

io
n 

ve
rs

io
n 

of
 th

e 
D

D
D

B
 (p

ac
ka

ge
 D
e
t
/
X
m
l
D
D
D
B

) t
h

er
e 

ar
e 

th
re

e 
to

p 
le

ve
l c

at
al

og
s 

in
 th

e 
tr

an
si

en
t s

to
re

. T
he

 m
ai

n 
ca

ta
lo

g,
 c

al
le

d
 “

St
ru

ct
u

re
” 

co
nt

ai
ns

 th
e 

lo
gi

ca
l 

st
ru

ct
u

re
 o

f t
he

 d
et

ec
to

r 
id

en
ti

fi
ed

 b
y 

th
e 

“s
et

u
p 

na
m

e”
 i.

e.
 “

L
H

C
b”

 c
on

ta
in

in
g 

th
e 

d
es

cr
ip

ti
on

 o
f t

he
 d

et
ec

to
r 

an
d

 th
is

 c
at

al
og

 is
 u

se
d

 fo
r 

id
en

ti
fi

ca
ti

on
 a

nd
 n

av
ig

at
io

n 
p

u
rp

os
es

. 
O

th
er

 c
at

al
og

s 
ar

e 
th

e 
pa

le
tt

e 
of

 lo
gi

ca
l v

ol
u

m
es

 a
nd

 s
ol

id
s,

 c
al

le
d

 “
G

eo
m

et
ry

”,
 u

se
d

 fo
r 

th
e 

ge
om

et
ry

 d
es

cr
ip

ti
on

 a
nd

 th
e 

p
al

et
te

 o
f m

at
er

ia
ls

, c
al

le
d

 “
M

at
er

ia
ls

”,
 u

se
d

 to
 d

es
cr

ib
e 

th
e 

m
at

er
ia

l p
ro

p
er

ti
es

 o
f t

he
 s

ol
id

s 
ne

ed
ed

 fo
r 

th
e 

d
et

ec
to

r 
si

m
ul

at
io

n,
 e

tc
.

Fi
ve

 m
or

e 
to

p
 le

ve
l c

at
al

og
s 

ar
e 

fo
re

se
en

 in
 th

e 
tr

an
si

en
t s

to
re

 a
s 

pa
le

tt
es

 fo
r 

th
e 

ad
d

it
io

na
l 

ti
m

e 
va

ry
in

g 
in

fo
rm

at
io

n 
ab

ou
t t

h
e 

d
et

ec
to

r. 
T

he
 "

A
lig

nm
en

t"
 c

at
al

og
 w

ill
 c

on
ta

in
 th

e 
ge

om
et

ri
ca

l d
at

a 
co

m
in

g 
fr

om
 r

eg
u

la
r 

su
rv

ey
s 

an
d

 n
ec

es
sa

ry
 to

 d
et

er
m

in
e 

th
e 

p
re

ci
se

 
p

os
it

io
n 

of
 e

ac
h 

su
bd

et
ec

to
r. 

T
h

e 
"C

al
ib

ra
ti

on
" c

at
al

og
 s

ho
ul

d
 b

e 
u

se
d

 to
 s

to
re

 th
e 

lis
t o

f d
ea

d
 

ch
an

ne
ls

 a
nd

 th
e 

re
sp

on
se

 p
ar

am
et

er
s 

of
 e

ac
h 

su
bd

et
ec

to
r, 

su
ch

 a
s 

en
er

gy
 n

or
m

al
iz

at
io

n 
in

 
ca

lo
ri

m
et

er
s 

an
d

 d
ri

ft
 v

el
oc

it
y 

in
 g

as
 c

ha
m

be
rs

, w
hi

le
 th

e 
"R

ea
d

ou
t"

 c
at

al
og

 is
 m

ea
n

t t
o 

co
nt

ai
n 

th
e 

m
ap

p
in

g 
of

 a
ct

iv
e 

d
et

ec
to

r 
el

em
en

ts
 to

 r
ea

d
ou

t c
ha

nn
el

s.
 F

in
al

ly
, t

he
 

F
ig

u
re

 8
.2

 T
he

 s
tr

uc
tu

re
 o

f p
ar

t o
f t

he
 L

H
C

b 
de

te
ct

or
 d

at
a 

tr
an

si
en

t s
to

re
.
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0

p
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e 
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4
 

  

"S
lo

w
C

on
tr

ol
" 

an
d

 "
Fa

st
C

on
tr

ol
" 

ca
ta

lo
gs

 w
ill

 b
e 

us
ed

 to
 s

to
re

, r
es

pe
ct

iv
el

y,
 o

nl
in

e 
m

ea
su

re
m

en
ts

 o
f q

ua
nt

it
ie

s 
su

ch
 a

s 
p

re
ss

u
re

s 
an

d
 te

m
pe

ra
tu

re
s,

 a
nd

 in
fo

rm
at

io
n 

ab
ou

t t
he

 
fa

st
 c

on
tr

ol
 s

ys
te

m
. A

 p
ro

to
ty

p
e 

im
p

le
m

en
ta

ti
on

 o
f t

hi
s 

ex
te

nd
ed

 tr
an

si
en

t d
et

ec
to

r 
st

or
e 

ca
n 

be
 fo

un
d 

in
 p

ac
ka

ge
 E

x/
D

et
C

on
d

E
xa

m
pl

e.

8.
3.

2 
A

cc
es

si
n

g
 d

et
ec

to
r 

d
at

a

A
n 

al
go

ri
th

m
 th

at
 n

ee
d

s 
to

 a
cc

es
s 

a 
gi

ve
n 

d
et

ec
to

r 
pa

rt
 u

se
s 

th
e 

d
et

ec
to

r 
d

at
a 

se
rv

ic
e 

to
 lo

ca
te

 
th

e 
re

le
va

nt
 D
e
t
e
c
t
o
r
E
l
e
m
e
n
t

. T
hi

s 
op

er
at

io
n 

ca
n 

be
 g

en
er

al
ly

 d
on

e 
d

ur
in

g 
th

e 
in

it
ia

liz
at

io
n 

p
ha

se
 o

f t
he

 a
lg

or
it

hm
. C

on
tr

ar
y 

to
 th

e 
E

ve
nt

 D
at

a,
 th

e 
D

et
ec

to
r 

D
at

a 
st

or
e 

is
 n

ot
 

cl
ea

re
d

 fo
r 

ea
ch

 e
ve

n
t a

nd
 th

e 
re

fe
re

nc
es

 to
 d

et
ec

to
r 

el
em

en
ts

 r
em

ai
n 

va
lid

 a
nd

 a
re

 u
p

d
at

ed
 

au
to

m
at

ic
al

ly
 d

u
ri

ng
 th

e 
ex

ec
ut

io
n

 o
f t

he
 p

ro
gr

am
. L

oc
at

in
g 

th
e 

re
le

va
nt

 d
et

ec
to

r 
el

em
en

t i
s 

d
on

e 
u

si
ng

 th
e 

st
an

d
ar

d
 I
D
a
t
a
P
r
o
v
i
d
e
r
S
v
c

 in
te

rf
ac

e 
vi

a 
th

e 
d
e
t
S
v
c
(
)

 a
cc

es
so

r 
as

 s
ho

w
n 

in
 L

is
ti

ng
 8

.1

R
em

em
be

r 
th

at
 d

at
a 

ar
e 

on
ly

 lo
ad

ed
 o

n
 d

em
an

d
, w

he
n 

th
ey

 a
re

 u
se

d
 fo

r 
th

e 
fi

rs
t t

im
e.

 T
he

 
te

st
 o

n 
v
e
r
t
e
x

 n
ot

 o
nl

y 
te

st
s 

if
 th

e 
d

at
a 

ar
e 

pr
es

en
t b

u
t a

ls
o 

en
su

re
s 

th
at

 th
e 

d
at

a 
ar

e 
lo

ad
ed

.1

T
he

 u
se

r 
ca

n 
re

tr
ie

ve
 a

n 
ar

ra
y 

of
 r

ef
er

en
ce

s 
to

 d
et

ec
to

r 
el

em
en

ts
 in

 a
 s

im
ila

r 
w

ay
. T

he
 c

od
e 

in
 

L
is

ti
ng

 8
.2

 c
an

 b
e 

u
se

d
 to

 p
re

p
ar

e 
an

 a
rr

ay
 w

it
h 

po
in

te
rs

 to
 a

ll 
of

 th
e 

M
u

on
 s

ta
ti

on
s.

 H
er

e 
w

e 
u

se
 a

n 
ST

L
 v

ec
to

r 
of

 p
oi

nt
er

s 
to

 D
e
M
u
o
n
S
t
a
t
i
o
n

 o
bj

ec
ts

 to
 s

to
re

 th
e 

re
tr

ie
ve

d
 M

uo
n 

st
at

io
ns
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L
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ti
n

g
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R
et

rie
vi

ng
 a

 d
et

ec
to

r 
el

em
en

t 
by

 u
si

n
g 

sm
ar

t p
oi

nt
e

rs

S
m
a
r
t
D
a
t
a
P
t
r
<
D
e
t
e
c
t
o
r
E
l
e
m
e
n
t
>
 
v
e
r
t
e
x
(

d
e
t
S
v
c
(
)
,
 
"
S
t
r
u
c
t
u
r
e
/
V
e
l
o
/
V
S
t
a
t
i
o
n
0
1
"
)
;

i
f
(
 
!
v
e
r
t
e
x
 
)
 
{

/
/
 
E
r
r
o
r
,
 
d
e
t
e
c
t
o
r
 
e
l
e
m
e
n
t
 
h
a
s
 
n
o
t
 
b
e
e
n
 
r
e
t
r
i
e
v
e
d

}

1.
  

N
ot

e 
th

at
, b

y
 c

om
p

ar
is

on
 w

it
h 

Fi
gu

re
 8

.2
, t

he
 l

ea
d

in
g 

"/
d
d
/

" 
ha

s 
be

en
 o

m
it

te
d

 f
ro

m
 t

h
e 

fu
ll

 p
at

h 
na

m
e

"/
d
d
/
S
t
r
u
c
t
u
r
e
/
V
e
l
o
/
V
S
t
a
t
i
o
n
0
1

" o
f t

h
e 

d
et

ec
to

r e
le

m
en

t.
 E

it
h

er
 fo

rm
 is

 a
cc

ep
te

d
; t

h
e 

sh
or

t f
or

m
 m

u
st

n
ev

er
 b

eg
in

 w
it

h
 a

 "
/

" 
ch

ar
ac

te
r. 

L
is

ti
n

g
 8

.2
   

R
et

rie
vi

ng
 a

 v
ec

to
r 

of
 d

et
ec

to
r 

el
em

e
nt

s 
us

in
g 

sm
ar

t r
ef

e
re

nc
es

s
t
d
:
:
v
e
c
t
o
r
<
D
e
M
u
o
n
S
t
a
t
i
o
n
*
>
 
d
_
s
t
a
t
i
o
n
s
;

S
m
a
r
t
D
a
t
a
P
t
r
<
D
e
t
e
c
t
o
r
E
l
e
m
e
n
t
>
 
s
t
a
t
i
o
n
s
(
d
e
t
S
v
c
(
)
,

"
S
t
r
u
c
t
u
r
e
/
L
H
C
b
/
M
u
o
n
/
S
t
a
t
i
o
n
s
"
 
)
;

i
f
(
 
!
s
t
a
t
i
o
n
s
 
)
 
r
e
t
u
r
n
 
S
t
a
t
u
s
C
o
d
e
:
:
F
A
I
L
U
R
E
;

/
/
/
 
L
o
o
p
 
o
v
e
r
 
a
l
l
 
t
h
e
 
m
u
o
n
 
s
t
a
t
i
o
n
s
 
f
o
u
n
d
 
i
n
 
t
h
e
 
d
e
t
e
c
t
o
r
 
m
o
d
e
l

f
o
r
 
(
 
D
a
t
a
O
b
j
e
c
t
:
:
D
i
r
I
t
e
r
a
t
o
r
 
d
 
=
 
 
s
t
a
t
i
o
n
s
-
>
d
i
r
B
e
g
i
n
(
)
;

d
 
!
=
 
s
t
a
t
i
o
n
s
-
>
d
i
r
E
n
d
(
)
;
 
d
+
+
 
)

{
S
m
a
r
t
D
a
t
a
P
t
r
<
D
e
M
u
o
n
S
t
a
t
i
o
n
>
 
s
(
 
d
e
t
S
v
c
(
)
,
(
*
d
)
-
>
f
u
l
l
p
a
t
h
(
)
 
)
;

i
f
(
 
!
s
 
)
 
r
e
t
u
r
n
 
S
t
a
t
u
s
C
o
d
e
:
:
F
A
I
L
U
R
E
;

 
d
_
s
t
a
t
i
o
n
s
.
p
u
s
h
_
b
a
c
k
(
 
s
 
)
;
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0

O
nc

e 
m

or
e,

 d
on

’t
 fo

rg
et

 to
 te

st
 e

ac
h 
D
a
t
a
O
b
j
e
c
t

. A
ls

o 
no

te
 th

at
 y

ou
 a

re
 n

ot
 o

bl
ig

ed
 to

 
re

tr
ie

ve
 D
e
t
e
c
t
o
r
E
l
e
m
e
n
t

s,
 y

ou
 c

an
 a

ct
u

al
ly

 r
et

ri
ev

e 
w

ha
te

ve
r 

ob
je

ct
 in

he
ri

ts
 f

ro
m

 it
, 

p
ro

vi
d

ed
 th

at
 th

e 
co

rr
es

po
nd

in
g 

co
nv

er
te

r 
ex

is
ts

 (s
ee

 S
ec

ti
on

8.
5 

fo
r 

a 
d

is
cu

ss
io

n 
on

 th
e 

p
er

si
st

en
t r

ep
re

se
n

ta
ti

on
 a

n
d 

co
nv

er
te

rs
).

 H
er

e 
so

m
e 
D
e
M
u
o
n
S
t
a
t
i
o
n

s 
ar

e 
co

nv
er

te
d

8.
3.

3 
U

si
n

g
 t

h
e 

D
et

ec
to

rE
le

m
en

t 
cl

as
s

T
he

 D
e
t
e
c
t
o
r
E
l
e
m
e
n
t

 c
la

ss
 im

p
le

m
en

ts
 th

e 
I
D
e
t
e
c
t
o
r
E
l
e
m
e
n
t

 in
te

rf
ac

e,
 a

s 
sh

ow
n 

in
 

Fi
gu

re
 8

.3
.

T
hi

s 
in

te
rf

ac
e 

of
fe

rs
 s

ix
 a

cc
es

so
r 

m
et

ho
d

s 
to

 th
e 

d
if

fe
re

nt
 ty

p
es

 o
f c

on
d

it
io

n
 d

at
a 

fo
r 

ea
ch

 
d

et
ec

to
r 

el
em

en
t: 
g
e
o
m
e
t
r
y
(
)
,

 a
l
i
g
n
m
e
n
t
(
)
,

 c
a
l
i
b
r
a
t
i
o
n
(
)
,

 r
e
a
d
O
u
t
(
)
,

 
s
l
o
w
C
o
n
t
r
o
l
(
)

 a
n

d 
f
a
s
t
C
o
n
t
r
o
l
(
)

. I
n 

ad
d

it
io

n,
 D
e
t
e
c
t
o
r
E
l
e
m
e
n
t
 

im
pl

em
en

ts
 th

e 
I
V
a
l
i
d
i
t
y

 in
te

rf
ac

e.
 T

hi
s 

in
te

rf
ac

e 
is

 u
se

d
 to

 c
he

ck
 if

 th
e 

d
et

ec
to

r 
el

em
en

t i
s 

sy
nc

hr
on

iz
ed

 
w

it
h 

th
e 

cu
rr

en
t e

ve
nt

. I
f t

h
e 

d
et

ec
to

r 
el

em
en

t i
s 

no
 lo

n
ge

r 
va

li
d 

at
 th

e 
ti

m
e 

th
e 

cu
rr

en
t e

ve
nt

 
w

as
 g

en
er

at
ed

, t
he

 c
or

re
sp

on
d

in
g 

D
at

aO
bj

ec
t i

n 
th

e 
St

ru
ct

u
re

 tr
ee

 o
f t

he
 tr

an
si

en
t s

to
re

 m
u

st
 

be
 u

p
d

at
ed

 fr
om

 th
e 

pe
rs

is
te

nt
 s

to
ra

ge
. I

n 
th

e 
cu

rr
en

t i
m

p
le

m
en

ta
ti

on
 it

 is
 n

ot
 fo

re
se

en
 fo

r 
en

d
 u

se
rs

 to
 u

se
 th

is
 in

te
rf

ac
e 

di
re

ct
ly

.

T
he

 a
cc

es
so

r 
m

et
ho

d
 g
e
o
m
e
t
r
y
(
)

 g
iv

es
 a

cc
es

s 
to

 g
eo

m
et

ry
 in

fo
rm

at
io

n 
of

fe
re

d
 b

y 
th

e 
in

te
rf

ac
e 

of
 ty

p
e 
I
G
e
o
m
e
t
r
y
I
n
f
o

. T
h

is
 in

te
rf

ac
e 

al
lo

w
s 

th
e 

re
tr

ie
va

l o
f a

 re
fe

re
nc

e 
to

 a
 lo

gi
ca

l 
vo

lu
m

e 
as

so
ci

at
ed

 w
it

h 
th

e 
gi

ve
n 

d
et

ec
to

r 
el

em
en

t, 
it

s 
m

at
er

ia
l p

ro
p

er
ty

, t
he

 p
os

it
io

n 
in

 th
e 

ge
om

et
ri

ca
l h

ie
ra

rc
hy

. I
n 

ad
di

ti
on

 to
 th

at
 y

ou
 c

an
 a

sk
 it

 q
u

es
ti

on
s 

lik
e:

1.
Tr

an
sf

or
m

at
io

n 
m

at
ri

x 
fr

om
 th

e 
G

lo
ba

l t
o 

th
e 

Lo
ca

l R
ef

er
en

ce
 s

ys
te

m

2.
Tr

an
sf

or
m

at
io

n 
m

at
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/
/
 
R
e
t
r
i
e
v
e
 
s
l
o
w
 
c
o
n
t
r
o
l
 
C
o
n
d
i
t
i
o
n
 
f
o
r
 
t
h
e
 
H
c
a
l
 
d
e
t
e
c
t
o
r

 
 
C
o
n
d
i
t
i
o
n
*
 
s
c
H
c
a
l
 
=
 
h
c
a
l
S
C
I
n
f
o
-
>
c
o
n
d
i
t
i
o
n
(
)
;

 
 
i
f
(
 
0
 
!
=
 
s
c
H
c
a
l
 
)
 
{

 
 
 
 
/
/
 
R
e
t
r
i
e
v
e
 
t
h
e
 
n
a
m
e
s
 
o
f
 
i
t
s
 
p
a
r
a
m
e
t
e
r
s
 
a
n
d
 
p
a
r
a
m
e
t
e
r
 
v
e
c
t
o
r
s

 
 
 
 
s
t
d
:
:
v
e
c
t
o
r
<
s
t
d
:
:
s
t
r
i
n
g
>
 
p
a
r
a
m
N
a
m
e
s
;

 
 
 
 
s
t
d
:
:
v
e
c
t
o
r
<
s
t
d
:
:
s
t
r
i
n
g
>
 
p
a
r
a
m
V
e
c
t
o
r
N
a
m
e
s
;

 
 
 
 
p
a
r
a
m
N
a
m
e
s
 
=
 
s
c
H
c
a
l
-
>
p
a
r
a
m
s
(
)
;

 
 
 
 
p
a
r
a
m
V
e
c
t
o
r
N
a
m
e
s
 
=
 
s
c
H
c
a
l
-
>
p
a
r
a
m
V
e
c
t
o
r
s
(
)
;

 
 
 
 
/
/
 
P
r
i
n
t
 
a
l
l
 
u
s
e
r
 
p
a
r
a
m
e
t
e
r
s

 
 
 
 
s
t
d
:
:
v
e
c
t
o
r
<
s
t
d
:
:
s
t
r
i
n
g
>
:
:
i
t
e
r
a
t
o
r
 
i
t
;

 
 
 
 
f
o
r
(
 
i
t
 
=
 
p
a
r
a
m
N
a
m
e
s
.
b
e
g
i
n
(
)
;
 
p
a
r
a
m
N
a
m
e
s
.
e
n
d
(
)
 
!
=
 
i
t
;
 
+
+
i
t
 
)
 
{

 
 
 
 
 
 
l
o
g
 
<
<
 
M
S
G
:
:
I
N
F
O
 
<
<
 
"
\
"
"
 
<
<
 
*
i
t
 
<
<
 
"
\
"
 
=
 
"

 
 
 
 
 
 
 
 
 
 
<
<
 
s
c
H
c
a
l
-
>
p
a
r
a
m
A
s
S
t
r
i
n
g
(
*
i
t
)
 
<
<
 
e
n
d
r
e
q
;

 
 
 
 
}

 
 
}

}
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0

p
ag

e 
 6

8
 

  

•
th

e 
us

ag
e 

of
 a

 n
ew

 o
bj

ec
t i

ns
te

ad
 o

f t
he

 d
ef

au
lt

 D
e
t
e
c
t
o
r
E
l
e
m
e
n
t

 s
up

p
os

es
 th

at
 

th
e 

us
er

 w
ri

te
s 

a 
ne

w
 c

on
ve

rt
er

 fo
r 

th
is

 n
ew

 o
bj

ec
t. 

T
hi

s 
is

 d
es

cr
ib

ed
 in

 a
 d

ed
ic

at
ed

 
do

cu
m

en
t :

 "
E

xt
en

d
in

g 
d

et
ec

to
r 

el
em

en
ts

 a
n

d 
im

pl
ic

at
io

ns
",

 b
y 

Se
ba

st
ie

n 
P

on
ce

, 
av

ai
la

bl
e 

at
 

ht
tp

://
ce

rn
.c

h/
lh

cb
-c

om
p/

Fr
am

ew
or

ks
/D

et
D

es
c/

D
oc

um
en

ts
/d

et
E

le
m

E
xt

en
si

on
.p

df
.

•
th

e 
ne

w
 o

bj
ec

t, 
as

 e
xt

en
si

on
 o

f D
e
t
e
c
t
o
r
E
l
e
m
e
n
t

, h
as

 a
n 
i
n
i
t
i
a
l
i
z
e

 m
et

ho
d.

 
Th

is
 m

et
ho

d
 is

 c
al

le
d

 b
y 

th
e 

co
nv

er
si

on
 s

er
vi

ce
 a

t t
he

 e
nd

 o
f t

h
e 

ob
je

ct
 c

re
at

io
n,

 w
he

n 
ev

er
y 

co
nt

ai
ne

d
 o

bj
ec

t h
as

 b
ee

n
 c

om
p

ut
ed

. T
hi

s 
is

 th
e 

pl
ac

e 
w

he
re

 s
om

e 
co

m
p

ut
at

io
n

 
co

u
ld

 b
e 

d
on

e.
 O

nc
e 

m
or

e,
 s

ee
 th

e 
d

ed
ic

at
ed

 d
oc

u
m

en
t f

or
 fu

rt
he

r 
d

et
ai

ls
 a

nd
 

ex
am

p
le

s.

8.
3.

5 
C

o
n

fi
g

u
ri

n
g

 t
h

e 
G

au
d

i f
ra

m
ew

o
rk

 t
o

 a
cc

es
s 

th
e 

d
et

ec
to

r 
d

es
cr

ip
ti

o
n

A
pp

lic
at

io
ns

 a
cc

es
si

ng
 th

e 
d

et
ec

to
r 

d
es

cr
ip

ti
on

 h
av

e 
to

 p
ro

vi
d

e 
a 

nu
m

be
r 

of
 jo

b 
op

ti
on

s 
to

 th
e 

fr
am

ew
or

k.
 F

or
 c

on
ve

ni
en

ce
, t

he
se

 h
av

e 
be

en
 c

ol
le

ct
ed

 to
ge

th
er

 in
 th

e 
fi

le
 D
e
t
D
e
s
c
.
o
p
t
s

 o
f 

th
e 
G
a
u
d
i
C
o
n
f

 p
ac

ka
ge

. T
he

 u
se

r 
si

m
pl

y 
ne

ed
s 

to
 a

d
d 

th
e 

lin
e 

be
lo

w
 to

 h
is

 jo
b 

op
ti

on
s 

fi
le

:

L
is

ti
n

g
 8

.5
   

E
xt

en
d

in
g 
D
e
t
e
c
t
o
r
E
l
e
m
e
n
t

 c
la

ss

c
l
a
s
s
 
D
e
M
u
o
n
S
t
a
t
i
o
n
:
 
p
u
b
l
i
c
 
D
e
t
e
c
t
o
r
E
l
e
m
e
n
t
 
{

p
u
b
l
i
c
:

 
 
/
/
 
c
o
n
s
t
r
u
c
t
o
r
s
 
a
n
d
 
d
e
s
t
r
u
c
t
o
r
s

 
 
D
e
M
u
o
n
S
t
a
t
i
o
n
(
)
;

 
 
D
e
M
u
o
n
S
t
a
t
i
o
n
(
 
d
o
u
b
l
e
 
t
,
 
d
o
u
b
l
e
 
x
,
 
d
o
u
b
l
e
 
y
 
)
;

 
 
~
D
e
M
u
o
n
S
t
a
t
i
o
n
(
)
;

 
 
/
/
 
n
e
w
 
c
l
a
s
s
I
D

 
 
c
o
n
s
t
 
C
L
I
D
&
 
c
l
I
D
(
)
;

 
 
/
/
 
G
e
t
/
S
e
t
 
t
h
i
c
k
n
e
s
s

 
 
d
o
u
b
l
e
 
t
h
i
c
k
n
e
s
s
(
)
;

 
 
v
o
i
d
 
 
 
s
e
t
T
h
i
c
k
n
e
s
s
(
 
d
o
u
b
l
e
 
t
 
)
;

 
 
/
/
 
G
e
t
/
S
e
t
 
p
a
d
 
d
i
m
e
n
s
i
o
n
s

 
 
d
o
u
b
l
e
 
p
a
d
x
(
)
;

 
 
d
o
u
b
l
e
 
p
a
d
y
(
)
;

 
 
v
o
i
d
 
 
 
s
e
t
P
a
d
x
(
 
d
o
u
b
l
e
 
x
 
)
;

 
 
v
o
i
d
 
 
 
s
e
t
P
a
d
y
(
 
d
o
u
b
l
e
 
y
 
)
;

p
r
i
v
a
t
e
:

 
 
d
o
u
b
l
e
 
 
 
 
m
_
t
h
i
c
k
n
e
s
s
;
 
/
/
 
A
l
u
m
i
n
i
u
m
 
p
l
a
t
e
 
t
h
i
c
k
n
e
s
s

 
 
d
o
u
b
l
e
 
 
 
 
m
_
p
a
d
x
;
 
 
 
 
 
 
/
/
 
P
a
d
 
X
 
d
i
m
e
n
s
i
o
n

 
 
d
o
u
b
l
e
 
 
 
 
m
_
p
a
d
y
;
 
 
 
 
 
 
/
/
 
P
a
d
 
Y
 
d
i
m
e
n
s
i
o
n

}
;

#
i
n
c
l
u
d
e
 
"
$
S
T
D
O
P
T
S
/
D
e
t
D
e
s
c
.
o
p
t
s
"
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0

In
 a

d
d

it
io

n,
 th

e 
ap

pl
ic

at
io

n 
m

u
st

 u
se

 a
 n

u
m

be
r 

of
 C

M
T

 p
ac

ka
ge

s,
 a

s 
sh

ow
n 

be
lo

w
,

P
ac

ka
ge

 D
e
t
/
X
m
l
D
D
D
B

 c
on

ta
in

s 
th

e 
X

M
L

 fi
le

s 
fo

r 
th

e 
p

ro
d

u
ct

io
n

 v
er

si
on

 o
f t

he
 p

er
si

st
en

t 
D

D
D

B
, i

nc
lu

d
in

g 
al

l d
et

ec
to

r 
el

em
en

ts
 w

it
h 

th
ei

r 
ge

om
et

ry
 a

nd
 m

at
er

ia
ls

, w
h

ile
 p

ac
ka

ge
 

D
e
t
/
D
e
t
D
e
s
c

 c
on

ta
in

s 
th

e 
D
e
t
e
c
t
o
r
E
l
e
m
e
n
t

 c
la

ss
 a

nd
 a

ll 
ge

ne
ri

c 
X

M
L

 s
er

vi
ce

s 
an

d
 

co
nv

er
te

rs
. O

f c
ou

rs
e,

 a
ny

 s
u

b-
de

te
ct

or
 s

pe
ci

fi
c 

p
ac

ka
ge

s 
co

nt
ai

ni
ng

 th
e 

su
b-

d
et

ec
to

r 
sp

ec
if

ic
 

co
nv

er
te

rs
 s

ho
u

ld
 a

ls
o 

be
 u

se
d

, w
it

h 
th

e 
co

rr
es

p
on

d
in

g 
jo

b 
op

ti
on

s 
fo

r 
lo

ad
in

g 
th

e 
su

b-
d

et
ec

to
r 

sp
ec

if
ic

 D
L

L
s.

8.
4 

 G
en

er
al

 f
ea

tu
re

s 
o

f 
th

e 
d

et
ec

to
r 

d
es

cr
ip

ti
o

n

A
s 

ex
pl

ai
ne

d 
in

 S
ec

ti
on

8.
3.

1,
 th

e 
d

et
ec

to
r 

d
es

cr
ip

ti
on

 is
 d

iv
id

ed
 in

to
 th

re
e 

m
ai

n 
p

ar
ts

, 
St

ru
ct

u
re

, G
eo

m
et

ry
 a

nd
 M

at
er

ia
ls

. W
e 

d
es

cr
ib

e 
he

re
 th

e 
fe

at
u

re
s 

an
d

 m
ea

ni
ng

 o
f t

he
 

el
em

en
ts

 p
re

se
nt

 in
 e

ac
h 

of
 th

es
e 

p
ar

ts
. F

iv
e 

ot
he

r 
ca

ta
lo

gs
 a

re
 a

ls
o 

fo
re

se
en

 fo
r 

A
li

gn
m

en
t, 

C
al

ib
ra

ti
on

, R
ea

d
O

ut
, S

lo
w

C
on

tr
ol

 a
nd

 F
as

tC
on

tr
ol

, a
lt

ho
u

gh
 th

es
e 

ar
e 

no
t p

re
se

nt
 in

 th
e 

cu
rr

en
t p

ro
d

uc
ti

on
 v

er
si

on
 o

f 
th

e 
D

D
D

B
. A

 b
ri

ef
 d

es
cr

ip
ti

on
 o

f t
he

se
 c

at
al

og
s 

is
 a

ls
o 

gi
ve

n.

8.
4.

1 
S

tr
u

ct
u

re

T
he

 s
tr

uc
tu

re
 o

f t
he

 d
et

ec
to

r 
is

 d
es

cr
ib

ed
 a

s 
a 

tr
ee

 o
f d

et
ec

to
r 

el
em

en
ts

. T
he

se
 c

ou
ld

 a
ls

o 
be

 
u

se
r 

d
ef

in
ed

 ty
p

es
 th

at
 in

he
ri

t 
fr

om
 th

e 
cl

as
s 
D
e
t
e
c
t
o
r
E
l
e
m
e
n
t

.

E
ac

h 
no

d
e 

of
 th

e 
tr

ee
, b

ei
ng

 a
 d

et
ec

to
r 

el
em

en
t, 

ha
s 

th
e 

fo
llo

w
in

g 
ch

ar
ac

te
ri

st
ic

s:

•
a 

cl
as

s 
id

en
ti

fi
er

 : 
th

is
 te

lls
 th

e 
fr

am
ew

or
k 

w
hi

ch
 c

on
ve

rt
er

 s
ho

u
ld

 b
e 

u
se

d
 fo

r 
th

is
 

el
em

en
t.

•
a 

ge
om

et
ry

 in
fo

 o
bj

ec
t w

he
re

 a
ll 

it
s 

ge
om

et
ry

 is
 d

es
cr

ib
ed

•
fi

ve
 a

d
d

it
io

na
l c

on
d

it
io

n 
in

fo
 o

bj
ec

ts
 a

llo
w

in
g 

to
 a

cc
es

s 
an

d
 m

an
ip

u
la

te
 it

s 
al

ig
nm

en
t, 

ca
lib

ra
ti

on
, r

ea
d

ou
t, 

sl
ow

 c
on

tr
ol

 a
n

d 
fa

st
 c

on
tr

ol
 d

at
a

•
a 

se
t o

f u
se

r 
pa

ra
m

et
er

s,
 e

ac
h 

on
e 

d
ef

in
ed

 b
y 

a 
na

m
e,

 a
 c

om
m

en
t, 

a 
ty

pe
 a

nd
 a

 v
al

u
e

8.
4.

2 
G

eo
m

et
ry

T
he

 g
eo

m
et

ry
 in

 th
e 

G
au

d
i d

et
ec

to
r 

d
es

cr
ip

ti
on

 is
 a

 b
it

 m
or

e 
th

an
 ju

st
 s

ol
id

s 
an

d
 s

ur
fa

ce
s.

 I
t 

ha
s 

to
 in

cl
ud

e 
a 

w
ay

 o
f s

tr
uc

tu
ri

ng
 th

e 
ge

om
et

ry
 in

 o
rd

er
 to

 a
vo

id
 r

ep
et

it
io

n
s 

an
d

 to
 fa

ci
lit

at
e 

th
e 

p
la

ce
m

en
t o

f s
u

bp
ar

ts
 in

to
 th

ei
r 

p
ar

en
ts

.

A
ft

er
 g

iv
in

g 
so

m
e 

ge
ne

ra
l c

on
si

de
ra

ti
on

s 
co

nc
er

ni
n

g 
th

e 
d

es
cr

ip
ti

on
 o

f t
he

 g
eo

m
et

ry
, w

e 
d

es
cr

ib
e 

he
re

 th
e 

tw
o 

cl
as

se
s 
L
V
o
l
u
m
e

 a
nd

 P
V
o
l
u
m
e

 th
at

 b
u

ild
 th

e 
st

ru
ct

u
re

 o
f t

he
 g

eo
m

et
ry

. 
Fi

n
al

ly
, s

ol
id

s 
an

d
 s

u
rf

ac
es

 a
re

 q
u

ic
kl

y 
d

es
cr

ib
ed

.

u
s
e
 
D
e
t
D
e
s
c
 
 
 
 
 
 
v
7
 
 
 
 
 
D
e
t

u
s
e
 
X
m
l
D
D
D
B
 
 
 
 
 
 
v
6
r
1
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e
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0

p
ag

e 
 7

0
 

  

Yo
u

 c
an

 fi
nd

 m
or

e 
in

fo
rm

at
io

n 
in

 th
e 

G
au

d
i w

eb
 p

ag
es

, e
sp

ec
ia

lly
 a

t 
ht

tp
://

ce
rn

.c
h/

lh
cb

-c
om

p/
Fr

am
ew

or
ks

/D
et

D
es

c/
de

fa
ul

t.h
tm

, i
n

 th
e 

"D
et

ec
to

r 
ge

om
et

ry
 m

od
el

" 
se

ct
io

n
.

8.
4.

2.
1 

G
en

er
al

 c
o

n
si

d
er

at
io

n
s

T
he

 G
au

d
i g

eo
m

et
ry

 d
es

cr
ip

ti
on

 w
as

 b
as

ed
 o

n 
so

m
e 

p
os

tu
la

te
s 

:

•
Th

e 
ge

om
et

ry
 is

 a
 tr

ee
 o

f v
ol

um
es

, w
he

re
 e

ac
h 

ch
ild

 d
es

cr
ib

es
 a

 s
u

bp
ar

t o
f i

ts
 p

ar
en

t 
vo

lu
m

e.

•
Th

er
e 

ar
e 

no
 "

u
p-

lin
ks

" 
in

 th
e 

ge
om

et
ry

 tr
ee

. T
hi

s 
m

ea
ns

 th
at

 e
ac

h 
vo

lu
m

e 
ha

s 
no

 
in

fo
rm

at
io

n 
ab

ou
t i

ts
 p

ar
en

t’
s 

vo
lu

m
e.

 O
f c

ou
rs

e,
 e

ac
h 

vo
lu

m
e 

ha
s 

in
fo

rm
at

io
n 

ab
ou

t 
it

s 
ch

ild
re

n.

•
N

o 
vo

lu
m

e 
ha

s 
an

y 
in

fo
rm

at
io

n 
ab

ou
t i

ts
 a

bs
ol

ut
e 

p
os

it
io

n.
 T

he
 o

nl
y 

sp
at

ia
l 

in
fo

rm
at

io
n 

in
 th

e 
w

ho
le

 tr
ee

 is
 lo

ca
l: 

ea
ch

 v
ol

u
m

e 
is

 p
la

ce
d

 in
to

 it
s 

p
ar

en
t.

•
Th

e 
ge

om
et

ry
 (

de
sc

ri
pt

io
n

 o
f s

ha
p

es
 a

nd
 s

u
rf

ac
es

) a
nd

 m
at

er
ia

l i
nf

or
m

at
io

n 
is

 k
ep

t 
by

 e
ac

h
 v

ol
u

m
e 

vi
a 

a 
S
o
l
i
d

, a
 S
u
r
f
a
c
e
s

 a
nd

 a
 M
a
t
e
r
i
a
l

 o
bj

ec
t. 

T
hu

s 
th

e 
in

fo
rm

at
io

n 
ca

n
 b

e 
re

tr
ie

ve
d

 a
t s

ev
er

al
 le

ve
ls

: t
he

 to
p-

m
os

t v
ol

um
e 

m
ay

 c
on

ta
in

 a
 

gl
ob

al
 s

ha
pe

 a
nd

 a
n 

av
er

ag
e 

m
at

er
ia

l a
nd

 th
e 

le
av

es
 o

f t
he

 tr
ee

 c
on

ta
in

 th
e 

m
os

t 
pr

ec
is

e 
m

at
er

ia
l a

nd
 g

eo
m

et
ry

.

•
A

ll 
bo

ol
ea

n 
op

er
at

io
ns

 o
n 

vo
lu

m
es

 a
re

 s
tr

ic
tl

y 
fo

rb
id

d
en

1 . B
oo

le
an

 o
pe

ra
ti

on
s 

sh
ou

ld
 

be
 p

er
fo

rm
ed

 a
t t

he
 le

ve
l o

f S
ol

id
s.

 T
hi

s 
is

 o
n

e 
of

 th
e 

m
os

t e
ss

en
ti

al
 p

os
tu

la
te

s 
of

 th
e 

G
au

d
i g

eo
m

et
ry

 s
tr

u
ct

u
re

.

T
he

 g
eo

m
et

ry
 tr

ee
 w

hi
ch

 fu
lf

ils
 a

ll 
th

es
e 

p
os

tu
la

te
s 

re
pr

es
en

ts
 a

 v
er

y 
ef

fe
ct

iv
e,

 s
im

p
le

 a
nd

 
co

nv
en

ie
nt

 to
ol

 fo
r 

d
es

cr
ip

ti
on

 o
f t

he
 g

eo
m

et
ry

. S
u

ch
 a

 tr
ee

 is
 e

as
il

y 
fo

rm
al

iz
ed

. I
t h

as
 m

an
y 

fe
at

u
re

s 
w

hi
ch

 a
re

 s
im

ila
r 

to
 th

e 
fe

at
ur

es
 o

f t
he

 g
eo

m
et

ry
 tr

ee
 u

se
d

 w
it

hi
n 

th
e 

G
ea

nt
4 

to
ol

ki
t 

an
d

 c
ou

ld
 e

as
il

y 
be

 tr
an

sf
or

m
ed

 to
 th

e 
G

ea
nt

4 
ge

om
et

ry
 d

es
cr

ip
ti

on
. 

So
m

e 
co

ns
eq

u
en

ce
s 

of
 th

es
e 

po
st

u
la

te
s 

ar
e:

•
Th

e 
to

p
-l

ev
el

 v
ol

u
m

e 
(p

re
su

m
ab

ly
 th

e 
ex

pe
ri

m
en

ta
l h

al
l, 

or
 c

av
e,

 o
r 

th
e 

w
ho

le
 L

H
C

b 
de

te
ct

or
) d

ef
in

es
 th

e 
ab

so
lu

te
 c

oo
rd

in
at

e 
re

fe
re

nc
e 

sy
st

em
. I

n 
ot

he
r 

w
or

d
s,

 th
e 

nu
ll-

po
in

t (
0,

0,
0)

 in
 th

e 
so

 c
al

le
d

 G
lo

ba
l R

ef
er

en
ce

 S
ys

te
m

 is
 ju

st
 th

e 
ce

nt
er

 o
f 

th
e 

to
p 

vo
lu

m
e.

•
A

ll 
ge

om
et

ry
 c

al
cu

la
ti

on
s,

 c
om

p
u

ta
ti

on
s,

 in
p

u
ts

 a
nd

 o
u

tp
u

ts
, p

er
fo

rm
ed

 w
it

h 
th

e 
us

ag
e 

of
 a

 v
ol

u
m

e 
ar

e 
in

 th
e 

lo
ca

l r
ef

er
en

ce
 s

ys
te

m
 o

f t
hi

s 
vo

lu
m

e.

So
m

et
im

es
 o

ne
 n

ee
d

s 
a 

m
or

e 
ef

fi
ci

en
t w

ay
 o

f e
xt

ra
ct

in
g 

in
fo

rm
at

io
n 

fr
om

 th
e 

ge
om

et
ry

 tr
ee

 o
r 

to
 c

om
pu

te
 th

e 
un

iq
u

e 
lo

ca
ti

on
 o

f a
 p

oi
nt

 in
 th

e 
ge

om
et

ry
 tr

ee
. F

or
 th

es
e 

p
ur

p
os

es
, a

 
si

m
p

lif
ie

d
 d

et
ec

to
r 

d
es

cr
ip

ti
on

 tr
ee

 is
 in

tr
od

u
ce

d
 in

to
 th

e 
G

au
d

i f
ra

m
ew

or
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' f
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 c
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LV
o

lu
m

e 
an

d
 P
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m
e

U
p 

to
 n

ow
, w

e 
on
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 ta

lk
ed

 a
bo

u
t v

ol
u

m
es

. T
hi

s 
te

rm
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 m
ap

p
ed

 to
 a

 c
la

ss
 c

al
le

d
 L
V
o
l
u
m
e

 
w

hi
ch

 s
ta

nd
s 

fo
r 

L
og

ic
al

 V
ol

u
m

e.
 In
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is

 c
la

ss
, y

ou
 c

an
 fi

n
d 

a 
S
o
l
i
d

 d
es

cr
ib

in
g 

th
e 

sh
ap

e 
of

 
th

e 
vo

lu
m

e,
 a

 li
st

 o
f S
u
r
f
a
c
e
s

 a
ss

oc
ia

te
d

 to
 it

 a
nd

 th
e 
M
a
t
e
r
i
a
l

 o
f t

he
 v

ol
u

m
e.

O
n 

to
p 

of
 th

at
, L
V
o
l
u
m
e

 is
 a

n 
id

en
ti

fi
ab

le
 o

bj
ec

t a
nd

 th
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ef
or

e 
in

he
ri

ts
 fr

om
 c
l
a
s
s
 

D
a
t
a
O
b
j
e
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t
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 c
an
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e 

id
en
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ed
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 th
e 
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si
en

t d
at

a 
st

or
e 
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 a

 u
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e 
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m

e 
(i

ts
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pa
th

” 
in

 
th

e 
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om
et

ry
 tr

ee
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It
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ts
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I
L
V
o
l
u
m
e
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nd

 I
V
a
l
i
d
i
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y

 in
te

rf
ac

es
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A
s 

w
e 

sa
id

 b
ef

or
e,
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 L
V
o
l
u
m
e
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 s

et
 o

f c
hi

ld
re

n.
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u
al
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V
o
l
u
m
e

s,
 w

hi
ch

 
st

an
d

s 
fo
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Ph
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al
 V

ol
u

m
e 

bu
t s

ho
u

ld
 s

ta
n

d 
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r 
P

la
ce

d
 V

ol
u

m
e.
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ot
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of
 P
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si

ca
l V

ol
um
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in
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G
au

d
i g

eo
m

et
ry
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m
el

y 
p

ri
m

it
iv
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 ju

st
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 L
og

ic
al

 v
ol

um
e 
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hi

ch
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 p
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ed
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si

d
e 
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s 
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r 

Lo
gi
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l V
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um
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 c
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s 
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e 
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m

e 
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 th
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Lo
gi

ca
l V

ol
um

e 
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 b
e 

po
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ed
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ge

th
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 w
it

h 
th

e 
tr

an
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or
m

at
io

n 
m

at
ri

x 
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om
 th

e 
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l r

ef
er

en
ce

 s
ys

te
m
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f t

h
e 
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ot

he
r 

Lo
gi

ca
l 

V
ol

um
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to
 th

e 
lo

ca
l r

ef
er

en
ce
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ys

te
m

 o
f t

he
 d
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te
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gi

ca
l V
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um
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o
l
u
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ot
 

id
en
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 im
p
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m

en
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I
P
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o
l
u
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e
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te

rf
ac
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t p
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l v
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u
m

e 
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n 
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ve
 s

ev
er
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m
es
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e 
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m

e 
lo

gi
ca

l v
ol

u
m

e 
as
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 c

hi
ld

, u
si

n
g 

se
ve

ra
l d

if
fe

re
nt

 p
hy

si
ca

l v
ol

u
m

es
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hi
s 

is
 th

e 
w

ay
 v

ol
u

m
es

 
ca

n 
be

 r
ep

lic
at

ed
 w

it
ho

u
t r
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at
in

g 
th

e 
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je
ct
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in

 m
em

or
y.
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 c
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 c
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S
o

lid
s 

an
d

 s
u

rf
ac

es

A
ll 

so
lid

s 
im

p
le

m
en

t t
he

 I
S
o
l
i
d

 in
te

rf
ac

e.
 C

u
rr

en
tl

y,
 s

ev
en

 ty
pe

s 
of

 “
p

ri
m

it
iv

e”
 s

ol
id

 a
re

 
im

p
le

m
en

te
d

: B
ox

es
, S

im
pl

e 
Tr

ap
ez

oi
ds

, T
ub

e 
se

gm
en

ts
, C

on
ic

al
 tu

be
 s

eg
m

en
ts

, P
ol

yc
on

ic
al

 tu
be

 
se

gm
en

ts
, S

ph
er

e 
se

gm
en

ts
 a

nd
 G

en
er

al
 tr

ap
ez

oi
ds

. H
er

e 
is

 a
 v

er
y 

qu
ic

k 
ov

er
vi

ew
 o

f e
ac

h 
of

 th
em

:

•
bo

x 
is

 o
bv

io
u

s.

•
tr

d 
is

 a
 s

im
pl

e 
tr

ap
ez

oi
d

 d
ef

in
ed

 b
y 

tw
o 

re
ct

an
gl

es
, o

rt
h

og
on

al
 to

 th
e 

Z
 a

xi
s 

an
d

 
ce

nt
er

ed
 o

n 
it

, a
nd

 a
 Z

 s
iz

e.

•
tr

ap
 is

 a
 m

or
e 

ge
ne

ri
c 

tr
ap

ez
oi

d
 d

ef
in

ed
 b

y 
a 

d
ir

ec
ti

on
 (t

he
ta

, p
hi

),
 th

at
 r

ep
la

ce
s 

th
e 

pr
ev

io
us

 Z
 a

xi
s,

 a
 le

ng
th

 a
lo

n
g 

th
is

 a
xi

s 
an

d
 tw

o 
fa

ce
s 

or
th

og
on

al
 to

 th
e 

ax
is

, w
hi

ch
 

ar
e 

ki
nd

s 
of

 tr
ap

ez
es

. A
ct

u
al

ly
, t

he
 fa

ce
s 

ar
e 

d
ef

in
ed

 b
y 

tw
o 

se
gm

en
ts

 p
ar

al
le

l t
o 

w
ha

t 
re

p
la

ce
s 

th
e 

X
 a

xi
s,

 th
e 

d
is

ta
nc

e 
be

tw
ee

n 
th

em
 a

nd
 th

e 
an

gl
e 

be
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ee
n 

th
e 

or
th

og
on

al
 

lin
e 

to
 th

es
e 

se
gm

en
ts

 a
nd

 th
e 

lin
e 

jo
in

in
g 

th
e 

m
id

d
le

 o
f b

ot
h 

se
gm

en
ts

.

•
tu
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 is

 a
 p

ar
t o

f a
 s

ec
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 o

f t
u

be
. T
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 tu

be
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 c
en

te
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d
 o

n 
th

e 
Z
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s 
an

d
 d

ef
in

ed
 b

y 
it

s 
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r 
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d
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u
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r 

ra
d

iu
s.
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 is

 th
en

 c
ut

 to
 k
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p
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 s

ec
ti

on
 o

f a
 g

iv
en

 le
ng

th
 c

en
te

re
d
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t t
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ig

in
. L
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t, 

on
ly

 th
e 

p
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t b
et

w
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n
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h
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 d
el
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P
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 is
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ep

t.
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 is
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 p

ar
t o

f a
 s
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on
 o

f c
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e.
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is
 d

ef
in

ed
 a

lo
ng
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Z
 a
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s 

an
d

 it
s 
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io
n 
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 d

ef
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ed
 b

y 
th

e 
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ne
r 
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d
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ut

er
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s 
at

 e
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h 
ex
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it
y 
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u

s 
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e 
he

ig
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f t

he
 

se
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io
n.

 L
as

t, 
on

ly
 th

e 
p

ar
t b

et
w

ee
n 

p
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nd

 p
hi

 +
 d

el
ta

P
hi

 is
 k

ep
t.

•
po

ly
co

ne
 is

 a
 p

ar
t o

f s
ev

er
al

 c
on

e 
se

ct
io

ns
. T

he
 c

on
e 

is
 d

ef
in

ed
 a

lo
ng

 Z
 a

n
d 

th
e 

   
se

ct
io

ns
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re
 d

ef
in

ed
 b

y 
a 

nu
m
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r 

of
 tr

ip
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ts
 g
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in

g 
fo

r 
se

ve
ra

l l
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at
io

n 
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 th

e 
in

ne
r 

an
d

 o
u

te
r 

ra
d

iu
se

s 
of

 th
e 

po
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 in
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e 

pl
ac

es
. A

t l
as

t, 
on

ly
 th

e 
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rt
 b

et
w

ee
n 

p
hi
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i d
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ta
P
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 k
ep
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•
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he
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 is
 a

 k
in

d 
of

 s
p

he
re

 p
ar

t b
u

t w
it

h 
a 

th
ic

kn
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 th
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k 
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he

re
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 d
ef

in
ed

 b
y 
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in
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r 
an

d
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n 
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r 

ra
d
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 T
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 p
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f t
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p
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ep
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 b
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 p
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E
A

N
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d
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or

e 
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 c
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 b
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d
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 a

nd
 In

te
rs

ec
ti

on
 o

pe
ra

ti
on

s 
on

 s
ol

id
s,

 to
 b

u
ild

 c
om

p
le

x 
sh

ap
es

. D
et

ai
ls

 c
on

ce
rn

in
g 

th
e 

im
p

le
m

en
ta

ti
on

 a
re

 a
va

ila
bl

e 
in

 "
So

lid
s"

 b
y 

I. 
B

el
ay

ae
v 

at
 

ht
tp

://
ce

rn
.c

h/
lh

cb
-c

om
p/

Fr
am

ew
or

ks
/D

et
D

es
c/

D
oc

um
en

ts
/S

ol
id

s.
pd

f

T
he

 c
la

ss
 S
u
r
f
a
c
e

 h
an

d
le

s 
su

rf
ac

es
. D

et
ai

ls
 a

re
 a

va
ila

bl
e 

in
 "

O
pt

ic
al

 p
ro

pe
rt

ie
s 

&
 S

ur
fa

ce
s"

 
av

ai
la

bl
e 

at
 h

tt
p:

//
ce

rn
.c

h/
lh

cb
-c

om
p/

Fr
am

ew
or

ks
/D

et
D

es
c/

D
oc

um
en

ts
/O

pt
ic

al
.p

df

8.
4.

3 
M

at
er

ia
ls

T
he

 d
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 c
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, d
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, p
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 c
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 b
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 c
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 b
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 p
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 b
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f c
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 d
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 b
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i d
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 f
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 d
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t p
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d
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 D
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t r
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 c
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 o
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 m
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 o
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 d
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 c
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f b
ot

h 
X

M
L

 a
nd

 H
T

M
L

, t
he

y 
lo

ok
 li

ke
 <

...
>

 fo
r 

op
en

in
g 

ta
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 o
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 m
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 m
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is
 

on
e 

m
us

t a
p

pe
ar

 b
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 L
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 d
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h
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 m
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 o
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. S

o,
 e

ve
n 

if
 y

ou
 

w
ri

te
 y

ou
r 

X
M

L
 fi

le
s 

us
in

g 
7-

 o
r 

8-
bi

t A
SC

II
, a

ll 
th

e 
X

M
L 

ap
pl

ic
at

io
ns

 w
ill

 w
or

k 
w

it
h 

it
 a

s 
w

it
h 

16
-b

it
 U

ni
co

d
e 

X
M

L
 d

at
a.

 T
he

 e
nc

od
in

g 
in

fo
rm

at
io

n 
is

 im
p

or
ta

nt
, f

or
 e

xa
m

pl
e 

w
h

en
 a

n 
X

M
L

 d
oc

um
en

t i
s 

tr
an

sf
er

re
d

 o
ve

r 
th

e 
In

te
rn

et
 to

 s
om

e 
ot

he
r 

co
u

nt
ry

 w
he

re
 a

 d
if

fe
re

nt
 

en
co

d
in

g 
is

 u
se

d
. I

f 
th

e 
re

ce
iv

in
g 

ap
pl

ic
at

io
n 

ca
n 

gu
es

s 
th

e 
X

M
L

 e
nc

od
in

g 
fr

om
 th

e 
re

ce
iv

ed
 

fi
le

, i
t c

an
 a

p
p

ly
 tr

an
sc

od
in

g 
m

et
ho

d
s 

to
 c

on
ve

rt
 th

e 
fi

le
 in

to
 p

ro
pe

r 
lo

ca
l e

nc
od

in
g,

 th
us

 
p

re
se

rv
in

g 
re

ad
ab

ili
ty

 o
f t

h
e 

d
at

a.

X
M

L
 c

o
m

m
en

ts
  l

oo
k 

lik
e 

co
m

m
en

ts
 in

 S
G

M
L

 o
r 

H
T

M
L

. T
he

y 
st

ar
t w

it
h 
<
!
-
-

 a
nd

 e
nd

 w
it

h 
-
-
>

. C
om

m
en

ts
 in

 X
M

L
 c

an
no

t b
e 

ne
st

ed
. T

hi
s 

m
ea

ns
 y

ou
 c

an
no

t o
pe

n 
co

m
m

en
ts

 in
si

d
e 

co
m

m
en

ts
, a

s 
yo

u
 c

an
 o

pe
n 

a 
ta

g 
in

si
d

e 
an

ot
he

r 
ta

g.

X
M

L
 e

le
m

en
ts

  a
re

 th
e 

ta
gs

. I
n 

th
e 

ex
am

pl
e 

w
e 

ha
d

 th
e 

fo
llo

w
in

g 
X

M
L

 e
le

m
en

ts
: E
m
a
i
l
,
 

T
i
m
e
S
t
a
m
p
,
 
S
e
n
d
e
r
,
 
R
e
c
i
p
i
e
n
t
,
 
S
u
b
j
e
c
t
,
 
B
o
d
y
,
 
S
i
g
n
a
t
u
r
e

. T
he

 v
er

y 
ba

si
c 

an
d

 
m

an
d

at
or

y 
ru

le
 o

f X
M

L
 is

 th
at

 a
ll 

X
M

L 
el

em
en

t t
ag

s 
m

u
st

 n
es

t p
ro

p
er

ly
 (t

hi
s 

is
 a

 m
ar

ku
p

 
la

na
ga

ge
) a

nd
 th

at
 th

er
e 

m
us

t b
e 

on
ly

 o
ne

 r
oo

t X
M

L
 e

le
m

en
t a

t t
he

 to
p 

le
ve

l o
f 

ea
ch

 X
M

L
 

d
oc

u
m

en
t, 

w
hi

ch
 c

on
ta

in
s 

al
l t

he
 o

th
er

s.
 A

n 
X

M
L

 d
oc

u
m

en
t t

ha
t f

ol
lo

w
s 

th
es

e 
ru

le
s 

is
 c

al
le

d
 

w
el

l-
fo

rm
ed

. A
n 

ex
am

pl
e 

is
 th

e 
X

M
L

 d
oc

u
m

en
t i

n 
L

is
ti

ng
 8

.7
.

L
is

ti
n

g
 8

.7
   

S
im

pl
e 

X
M

L 
fil

e 
de

sc
rib

in
g 

an
 e

-m
ai

l

<
?
x
m
l
 
v
e
r
s
i
o
n
=
‘
1
.
0
’
 
e
n
c
o
d
i
n
g
=
‘
U
T
F
-
8
’
?
>

<
!
-
-
 
T
h
i
s
 
i
s
 
a
n
 
e
x
a
m
p
l
e
 
o
f
 
X
M
L
 
-
-
>

<
E
m
a
i
l
>

<
T
i
m
e
S
t
a
m
p
 
t
i
m
e
=
”
1
1
:
3
8
:
4
3
”
 
d
a
t
e
=
”
2
2
/
1
1
/
1
9
9
9
”
 
/
>

<
S
e
n
d
e
r
>
s
e
n
d
e
r
@
c
e
r
n
.
c
h
<
/
S
e
n
d
e
r
>

<
R
e
c
i
p
i
e
n
t
>
r
e
c
i
p
i
e
n
t
@
c
e
r
n
.
c
h
<
/
R
e
c
i
p
i
e
n
t
>

<
S
u
b
j
e
c
t
>
L
u
n
c
h
.
.
.
<
/
S
u
b
j
e
c
t
>

<
B
o
d
y
>
 
C
o
u
l
d
 
w
e
 
m
e
e
t
 
a
t
 
1
4
:
0
0
?

<
S
i
g
n
a
t
u
r
e
>
S
e
n
d
e
r
’
s
 
s
i
g
n
a
t
u
r
e
<
/
S
i
g
n
a
t
u
r
e
>

<
/
B
o
d
y
>

<
/
E
m
a
i
l
>

 
p

ag
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C
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r 

D
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V
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/Is
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0

X
M

L
 e

le
m

en
ts

 a
re

 a
ct

u
al

ly
 a

 b
it

 m
or

e 
co

m
pl

ex
 th

an
 r

eg
ul

ar
 ta

gs
. T

he
y 

ca
n 

co
nt

ai
n 

w
ha

t i
s 

ca
lle

d
 a

tt
ri

b
u

te
s.

 T
he

se
 a

re
 p

ai
rs

 o
f t

he
 fo

rm
 n

am
e=

va
lu

e 
th

at
 a

re
 e

m
be

d
d

ed
 in

si
d

e 
th

e 
op

en
in

g 
pa

rt
 o

f t
he

 ta
g.

 T
hi

s 
is

 th
e 

ca
se

 in
 th

e 
T
i
m
e
S
t
a
m
p

 ta
g 

in
 L

is
ti

ng
 8

.7
. T

w
o 

at
tr

ib
u

te
s 

ar
e 

d
ef

in
ed

 th
er

e 
: d
a
t
e

 a
n

d 
t
i
m
e

. A
tt

ri
bu

te
s 

u
su

al
ly

 d
es

cr
ib

e 
th

e 
p

ro
p

er
ti

es
 o

f t
he

 g
iv

en
 

el
em

en
t. 

T
he

 v
al

u
e 

of
 a

n 
at

tr
ib

u
te

 is
 a

 s
tr

in
g 

an
d

 it
 h

as
 to

 b
e 

en
cl

os
ed

 in
si

d
e 

qu
ot

es
 (s

in
gl

e 
or

 
d

ou
bl

e,
 it

 d
oe

sn
’t

 m
at

te
r)

. I
n 

th
e 

co
nt

en
t o

f a
 g

iv
en

 ta
g,

 r
aw

 te
xt

 c
an

 a
p

pe
ar

 a
m

on
g 

ne
st

ed
 

X
M

L
 e

le
m

en
ts

. T
hi

s 
is

 c
al

le
d

 te
xt

 d
at

a.

8.
5.

1.
3 

D
o

cu
m

en
t 

ty
p

e 
d

ef
in

it
io

n
s 

(D
T

D
s)

T
he

 X
M

L
 d

oc
u

m
en

ts
 d

es
cr

ib
ed

 u
p

 to
 n

ow
 a

re
 w

el
l f

or
m

ed
 s

in
ce

 th
ey

 fo
ll

ow
 th

e 
sy

nt
ax

 r
u

le
s 

of
 X

M
L

. T
hi

s 
is

 a
 fi

rs
t s

te
p

 b
u

t o
ne

 m
ay

 w
an

t t
o 

ad
d 

so
m

e 
gr

am
m

ar
 in

si
d

e 
an

 X
M

L
 d

oc
u

m
en

t 
so

 th
at

 y
ou

 a
re

 n
ot

 a
llo

w
ed

 to
 u

se
 a

ny
 X

M
L

 e
le

m
en

t y
ou

 c
ou

ld
 im

ag
in

e 
in

 a
ny

 p
la

ce
.

T
hi

s 
is

 p
os

si
bl

e 
by

 w
ri

ti
n

g 
a 

d
oc

u
m

en
t t

yp
e 

d
ef

in
it

io
n

 (D
T

D
). 

It
 c

an
 b

e 
in

te
gr

at
ed

 in
si

d
e 

th
e 

X
M

L
 fi

le
 it

se
lf

 (i
nt

er
na

l D
T

D
) o

r 
ca

n 
be

 g
iv

en
 in

 a
 s

ep
ar

at
ed

 fi
le

 (e
xt

er
na

l D
T

D
). 

T
he

 e
xt

er
na

l 
ca

se
 is

 th
e 

m
os

t u
se

d 
si

nc
e 

th
e 

ex
te

rn
al

 fi
le

 c
an

 b
e 

re
u

se
d 

by
 m

an
y 

X
M

L
 fi

le
s 

an
d

 th
us

 e
ns

u
re

 
co

ns
is

te
nc

y 
be

tw
ee

n 
th

em
.

T
he

 D
T

D
s 

ar
e 

ac
tu

al
ly

 w
ri

tt
en

 u
si

ng
 a

 m
ar

ku
p

 la
n

ga
ge

 to
o.

 T
he

 m
ai

n 
fe

at
u

re
s 

of
 a

 D
T

D
 a

re
:

•
th

e 
d

ef
in

it
io

n
 o

f a
n 

X
M

L
 e

le
m

en
t (

E
L

E
M

E
N

T
 ta

g 
of

 th
e 

D
T

D
) :

 th
is

 s
pe

ci
fi

es
 th

e 
na

m
e 

of
 th

e 
X

M
L

 e
le

m
en

t a
nd

 it
s 

po
ss

ib
le

 c
hi

ld
re

n

•
th

e 
d

ef
in

it
io

n
 o

f t
he

 a
tt

ri
bu

te
s 

of
 a

n 
X

M
L

 e
le

m
en

t (
A

T
T

L
IS

T
 ta

g 
of

 th
e 

D
TD

): 
th

is
 

sp
ec

if
ie

s 
th

e 
at

tr
ib

u
te

s 
of

 a
 g

iv
en

 X
M

L
 e

le
m

en
t, 

as
 w

el
l a

s 
th

ei
r 

us
ag

e 
(r

eq
u

ir
ed

, 
de

fa
ul

t v
al

u
e,

 ..
.)

W
e 

w
ill

 n
ot

 d
es

cr
ib

e 
he

re
 fu

rt
he

r 
th

e 
sy

nt
ax

 o
f t

he
 D

T
D

 fi
le

 s
in

ce
 it

 w
ou

ld
 b

e 
to

o 
lo

ng
 b

u
t i

t i
s 

p
re

tt
y 

ob
vi

ou
s 

to
 u

nd
er

st
an

d.

L
is

ti
ng

 8
.8

 g
iv

es
 a

n 
ex

am
p

le
 o

f t
he

 d
ef

in
it

io
n 

an
d

 u
sa

ge
 o

f a
n 

ex
te

rn
al

 D
T

D
 fo

r 
an

 X
M

L
 fi

le
. 

A
no

th
er

 e
xa

m
pl

e 
is

 th
e 

H
T

M
L

 la
n

ga
ge

. I
t c

an
 b

e 
se

en
 (w

it
h 

sm
al

l e
xc

ep
ti

on
s)

 a
s 

th
e 

d
ef

in
it

io
n 

of
 a

 g
iv

en
 D

T
D

, t
ha

t i
s 

u
se

d
 to

 d
es

cr
ib

e 
a 

hy
pe

rt
ex

t d
oc

u
m

en
t a

nd
 th

e 
w

ay
 it

 s
ho

ul
d

 b
e 

d
is

pl
ay

ed
.

N
ow

 th
at

 th
e 

X
M

L
 fi

le
 h

as
 a

 g
ra

m
m

ar
, i

t i
s 

ca
lle

d
 v

al
id

 if
 it

 fu
lf

ils
 th

e 
gr

am
m

ar
 r

eq
u

ir
em

en
ts

. 
O

th
er

w
is

e,
 it

 is
 n

ot
 v

al
id

, e
ve

n 
if

 w
el

l-
fo

rm
ed

. T
h

e 
pr

oc
es

s 
by

 w
hi

ch
 th

e 
gr

am
m

ar
 o

f a
 g

iv
en

 
X

M
L

 fi
le

 is
 c

he
ck

ed
 is

 c
al

le
d

 "
va

lid
at

io
n

 p
ro

ce
ss

".

L
is

ti
n

g
 8

.8
   

D
oc

um
en

t t
yp

e 
D

ef
in

iti
on

<
?
x
m
l
 
v
e
r
s
i
o
n
=
"
1
.
0
"
 
e
n
c
o
d
i
n
g
=
"
U
T
F
-
8
"
?
>

<
!
E
L
E
M
E
N
T
 
E
m
a
i
l
 
(
T
i
m
e
S
t
a
m
p
,
 
S
e
n
d
e
r
,
 
R
e
c
i
p
i
e
n
t
,
 
S
u
b
j
e
c
t
,
 
B
o
d
y
)
>

<
!
E
L
E
M
E
N
T
 
T
i
m
e
S
t
a
m
p
 
E
M
P
T
Y
>

<
!
A
T
T
L
I
S
T
 
T
i
m
e
S
t
a
m
p
 
t
i
m
e
 
C
D
A
T
A
 
#
I
M
P
L
I
E
D
 
d
a
t
e
 
C
D
A
T
A
 
#
R
E
Q
U
I
R
E
D
"
>

<
!
E
L
E
M
E
N
T
 
S
E
N
D
E
R
 
#
P
C
D
A
T
A
>

<
!
E
L
E
M
E
N
T
 
R
e
c
i
p
i
e
n
t
 
#
P
C
D
A
T
A
>

<
!
E
L
E
M
E
N
T
 
S
u
b
j
e
c
t
 
#
P
C
D
A
T
A
>

<
!
E
L
E
M
E
N
T
 
B
o
d
y
 
(
#
P
C
D
A
T
A
|
S
i
g
n
a
t
u
r
e
)
*
>

<
!
E
L
E
M
E
N
T
 
S
i
g
n
a
t
u
r
e
 
#
P
C
D
A
T
A
>
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0

p
ag

e 
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6
 

  

8.
5.

2 
D

T
D

 o
f 

th
e 

L
H

C
b

 d
et

ec
to

r 
d

es
cr

ip
ti

o
n

In
 th

e 
ca

se
 o

f t
he

 L
H

C
b 

d
et

ec
to

r 
d

es
cr

ip
ti

on
, s

ev
er

al
 D

T
D

s 
ha

ve
 b

ee
n 

d
ef

in
ed

 in
 o

rd
er

 to
 

d
es

cr
ib

e 
th

e 
st

ru
ct

u
re

, g
eo

m
et

ry
 a

nd
 m

at
er

ia
ls

 o
f t

he
 d

et
ec

to
r. 

T
he

se
 a

re
 d

et
ai

le
d 

in
 a

 
d

ed
ic

at
ed

 d
oc

um
en

t :
 "T

he
 L

H
C

b 
D

et
ec

to
r D

es
cr

ip
ti

on
 D

T
D

",
 b

y 
Se

ba
st

ie
n 

P
on

ce
, a

va
ila

bl
e 

at
 

ht
tp

://
ce

rn
.c

h/
lh

cb
-c

om
p/

Fr
am

ew
or

ks
/D

et
D

es
c/

D
oc

um
en

ts
/lh

cb
dt

d.
pd

f. 
T

hu
s,

 w
e 

w
ill

 o
nl

y 
gi

ve
 

he
re

 a
 v

er
y 

sh
or

t p
re

se
nt

at
io

n 
of

 it
.

Yo
u

 w
ill

 fi
nd

 in
 th

e 
ne

xt
 fe

w
 s

ec
ti

on
s 

U
M

L
 s

ch
em

as
 o

f t
he

 d
if

fe
re

nt
 D

T
D

s.
 F

or
 th

os
e 

w
ho

 
d

on
’t

 k
no

w
 th

is
 n

ot
at

io
n,

 h
er

e 
ar

e 
th

e 
ba

si
cs

:

•
ev

er
y 

en
ti

ty
 h

er
e 

is
 a

n 
X

M
L 

el
em

en
t, 

w
it

h 
al

l t
he

 p
os

si
bl

e 
at

tr
ib

ut
es

 e
nu

m
er

at
ed

•
fo

llo
w

in
g 

th
e 

ar
ro

w
s 

ge
tt

in
g 

ou
t o

f a
n 

el
em

en
t, 

yo
u

 c
an

 k
no

w
 w

h
ic

h 
el

em
en

ts
 c

ou
ld

 
be

 c
hi

ld
re

n 
of

 it
.

8.
5.

2.
1 

S
o

m
e 

pr
er

eq
u

is
it

es

So
m

e 
of

 th
e 

el
em

en
ts

 o
f t

he
 L

H
C

b 
D

T
D

s 
ar

e 
d

ef
in

ed
 in

 e
ac

h 
of

 th
e 

th
re

e 
D

T
D

s.
 T

hu
s,

 w
e 

d
es

cr
ib

e 
th

em
 h

er
e.

E
xp

re
ss

io
n

s 
 E

ve
ry

 n
um

er
ic

al
 v

al
ue

 re
qu

ir
ed

 b
y 

an
 a

tt
ri

bu
te

 o
r 

an
 e

le
m

en
t i

n 
an

y 
of

 th
e 

D
T

D
s 

of
 L

H
C

b 
is

 a
n

 e
xp

re
ss

io
n.

 T
hi

s 
m

ea
ns

 th
at

 th
e 

va
lu

e 
w

ill
 b

e 
ev

al
u

at
ed

 b
y 

th
e 

nu
m

er
ic

al
 

ex
pr

es
si

on
s 

p
ar

se
r 

(s
ee

 S
ec

ti
on

8.
5.

5)

T
hu

s,
 m

os
t o

f t
he

 c
u

rr
en

t u
ni

ts
 a

nd
 c

on
st

an
ts

 a
re

 a
lr

ea
d

y 
kn

ow
n.

 Y
ou

 c
an

 s
af

el
y 

u
se

 d
eg

re
e,

 
ra

d
 o

r 
p

i f
or

 a
ng

le
s 

fo
r 

in
st

an
ce

. O
n 

to
p 

of
 th

at
, m

an
y 

m
at

he
m

at
ic

al
 fu

nc
ti

on
s 

ar
e 

al
so

 k
no

w
n,

 
su

ch
 a

s 
si

n,
 o

r 
ex

p
 b

u
t a

ls
o 

ar
ct

an
 a

nd
 m

an
y 

ot
he

rs
.

P
ar
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e 
m

ai
n 

to
p

ic
 o

f C
ha

p
te

r 
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. P
le

as
e 

re
fe

r 
to

 it
 fo

r 
an

 e
xp

la
na

ti
on

 o
f h

ow
 th

e 
co

nv
er

si
on

 p
ro

ce
ss

 w
or

ks
 a

nd
 is

 im
p

le
m

en
te

d
 in

to
 G

au
d

i. 
H

er
e 

w
e 

gi
ve

 a
d

d
it

io
n

al
 

in
fo

rm
at

io
n 

on
 th

e 
sp

ec
ia

l c
as

e 
of

 d
et

ec
to

r 
d

es
cr

ip
ti

on
 d

at
a.

8.
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3.
1 

O
ve

rv
ie

w

T
he

 m
ai

n
 a

im
 o

f t
he

 c
on

ve
rs

io
n 

p
ro

ce
ss

 is
 to

 p
op

u
la

te
 th

e 
tr

an
si

en
t s

to
re

 w
it

h 
C

+
+  o

bj
ec

ts
, 

u
si

n
g 

X
M

L
 fi

le
s.

 I
f y

ou
 lo

ok
 a

t t
he

 d
es

cr
ip

ti
on

 o
f t

he
 C

+
+  o

bj
ec

ts
 in

 S
ec

ti
on

8.
3 

an
d

 a
t t

he
 

d
es

cr
ip

ti
on

 o
f t

he
 X

M
L

 fi
le

s 
in

 S
ec

ti
on

8.
5.

2,
 y

ou
 w

il
l n

ot
ic

e 
th

at
 th

er
e 

is
 a

lm
os

t a
 o

ne
 to

 o
ne

 
m

ap
pi

ng
 b

et
w

ee
n 

th
e 

tw
o,

 w
he

re
 X

M
L

 e
le

m
en

ts
 b

ec
om

e 
ob

je
ct

s 
an

d
 X

M
L

 a
tt

ri
bu

te
s 

be
co

m
e 

m
em

be
rs

 o
f t

h
es

e 
ob

je
ct

s.

T
hu

s,
 th

e 
co

nv
er

si
on

 s
er

vi
ce

 (c
al

le
d

 X
m
l
C
n
v
S
v
c

 in
 o

ur
 c

as
e)

 u
se

s 
m

or
e 

or
 le

ss
 o

ne
 c

on
ve

rt
er

 
p

er
 X

M
L

 e
le

m
en

t, 
or

 p
er

 k
in

d
 o

f C
++

 o
bj

ec
t s

to
re

d 
in

 th
e 

tr
an

si
en

t s
to

re
. H

er
e 

is
 th

e 
lis

t o
f 

ex
is

ti
ng

 c
on

ve
rt

er
s 

an
d

 th
e 

lis
t o

f o
bj

ec
ts

 th
ey

 a
re

 c
re

at
in

g 
:

•
X
m
l
T
a
b
u
l
a
t
e
d
P
r
o
p
e
r
t
y
C
n
v

 : 
d

ea
ls

 w
it

h 
ta

bu
la

te
d 

p
ro

pe
rt

ie
s 

an
d

 c
re

at
es

 
T
a
b
u
l
a
t
e
d
P
r
o
p
e
r
t
y

 o
bj

ec
ts

.

•
X
m
l
S
u
r
f
a
c
e
C
n
v

 : 
d

ea
ls

 w
it

h 
su

rf
ac

es
 a

nd
 c

re
at

es
 S
u
r
f
a
c
e

 o
bj

ec
ts

.

•
X
m
l
M
i
x
t
u
r
e
C
n
v

 : 
d

ea
ls

 w
it

h 
m

ix
tu

re
s 

an
d

 c
re

at
es

 M
i
x
t
u
r
e

 o
bj

ec
ts

.

•
X
m
l
L
V
o
l
u
m
e
C
n
v

 : 
d

ea
ls

 w
it

h 
lo

gi
ca

l v
ol

u
m

es
 a

nd
 c

re
at

es
 L
V
o
l
u
m
e

 o
bj

ec
ts

. T
h

is
 is

 
al

so
 th

e 
p

la
ce

 w
he

re
 a

ll 
th

e 
ge

om
et

ry
 is

 p
ar

se
d

 a
nd

 s
to

re
d

, i
nc

lu
d

in
g 

p
hy

si
ca

l 
vo

lu
m

es
, s

ol
id

s 
(s

im
p

le
 a

nd
 b

oo
le

an
s)

, t
ra

ns
fo

rm
at

io
ns

 a
nd

 p
ar

am
et

ri
ze

d
 p

hy
si

ca
l 

vo
lu

m
es

. T
he

se
 la

st
 o

ne
s 

d
o 

no
t e

xi
st

 in
 th

e 
C

+
+  w

or
ld

 s
in

ce
 th

ey
 a

re
 e

xp
an

d
ed

 in
 a

 
se

t o
f r

eg
ul

ar
 p

hy
si

ca
l v

ol
um

es
.

•
X
m
l
I
s
o
t
o
p
e
C
n
v

 : 
d

ea
ls

 w
it

h 
is

ot
op

es
 a

nd
 c

re
at

es
 I
s
o
t
o
p
e

 o
bj

ec
ts

.

•
X
m
l
E
l
e
m
e
n
t
C
n
v

 : 
d

ea
ls

 w
it

h 
el

em
en

ts
 a

nd
 c

re
at

es
 E
l
e
m
e
n
t

 o
bj

ec
ts

.

•
X
m
l
B
a
s
e
D
e
t
E
l
e
m
C
n
v

 a
nd

 X
m
l
U
s
e
r
D
e
t
E
l
e
m
C
n
v

: d
ea

l w
it

h 
d

et
ec

to
r 

el
em

en
ts

 a
nd

 
cr

ea
te

 D
e
t
e
c
t
o
r
E
l
e
m
e
n
t

 o
bj

ec
ts

.

•
X
m
l
B
a
s
e
C
o
n
d
i
t
i
o
n
C
n
v

 a
nd

 X
m
l
U
s
e
r
C
o
n
d
i
t
i
o
n
C
n
v

: d
ea

l w
it

h 
co

nd
it

io
n 

d
at

a 
an

d
 c

re
at

e 
C
o
n
d
i
t
i
o
n

 o
bj

ec
ts

.

•
X
m
l
C
a
t
a
l
o
g
C
n
v

 : 
d

ea
ls

 w
it

h 
ca

ta
lo

gs
 a

nd
 c

re
at

es
 D
a
t
a
O
b
j
e
c
t

 o
bj

ec
ts

 c
on

ta
in

in
g 

a 
lis

t o
f r

ef
er

en
ce

s 
on

 o
th

er
 o

bj
ec

ts
 in

 th
e 

st
or

e.
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m
l
C
n
v
S
v
c
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 th

e 
se

rv
ic

e 
re

sp
on

si
bl

e 
fo

r 
co

nv
er

ti
ng

 X
M

L
 c

od
e 

in
to

 C
+

+  o
bj

ec
ts

. I
t 

im
p

le
m

en
ts

 th
e 
I
X
m
l
S
v
c

 in
te

rf
ac

e 
an

d
 e

ss
en

ti
al

ly
 p

ro
vi

d
es

 tw
o 

se
ts

 o
f m

et
ho

d
s:
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p
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2
 

  

•
pa

rs
er

 r
el

at
ed

 m
et

ho
d

s 
: p
a
r
s
e

, c
l
e
a
r
C
a
c
h
e

 a
nd

 a
l
l
o
w
G
e
n
e
r
i
c
C
n
v

 w
hi

ch
 

re
sp

ec
ti

ve
ly

 p
ar

se
s 

an
 X

M
L

 fi
le

, c
le

ar
s 

th
e 

ca
ch

e 
of

 p
ar

se
d

 fi
le

s 
an

d
 s

ay
s 

w
he

th
er

 u
se

r 
de

fi
ne

d
 d

et
ec

to
r 

el
em

en
ts

 a
re

 c
on

ve
rt

ed
 u

si
ng

 d
ed

ic
at

ed
 c

on
ve

rt
or

s 
or

 th
e 

ge
ne

ri
c 

co
nv

er
te

r. 
T

hi
s 

la
st

 m
et

ho
d

 is
 r

el
at

ed
 to

 th
e 

jo
b 

op
ti

on
 p

ro
p

er
ty

 
A

llo
w

G
en

er
ic

C
on

ve
rs

io
n.

•
ex

p
re

ss
io

n 
ev

al
ua

to
r 

re
la

te
d

 m
et

h
od

s 
: e
v
a
l

, a
d
d
P
a
r
a
m
e
t
e
r,

 r
e
m
o
v
e
P
a
r
a
m
e
t
e
r

 
w

hi
ch

 r
es

p
ec

ti
ve

ly
 c

om
pu

te
s 

th
e 

va
lu

e 
of

 a
 g

iv
en

 e
xp

re
ss

io
n,

 a
d

d
s 

a 
ne

w
 p

ar
am

et
er

 
an

d
 r

em
ov

e 
a 

gi
ve

n 
p

ar
am

et
er

. P
ar

am
et

er
s 

ca
n 

be
 u

se
d 

in
 a

ny
 e

xp
re

ss
io

n,
 a

s 
so

on
 a

s 
th

ey
 a

re
 d

ef
in

ed
. F

or
 m

or
e 

d
et

ai
ls

, t
he

 e
xp

re
ss

io
n 

ev
al

u
at

or
 is

 p
re

se
nt

ed
 in

 
Se

ct
io

n
8.
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X
m

lP
ar

se
rS

vc

T
he

 X
m
l
P
a
r
s
e
r
S
v
c

 is
 a

ct
u

al
ly

 u
se

d 
by

 th
e 
X
m
l
C
n
v
S
v
c

 fo
r 

pa
rs

in
g 

X
M

L
 fi

le
s.

 W
e 

w
ill

 n
ot

 
d

es
cr

ib
e 

it
 in

 d
et

ai
l h

er
e 

bu
t j

u
st

 g
iv

e 
so

m
e 

us
ef

ul
l h

in
ts

.

T
hi

s 
se

rv
ic

e 
is

 n
ot

 o
nl

y 
re

sp
on

si
bl

e 
fo

r 
pa

rs
in

g 
X

M
L

 fi
le

s 
bu

t a
ls

o 
fo

r i
m

pl
em

en
ti

ng
 a

 c
ac

he
 o

n 
p

ar
se

d
 fi

le
s.

 T
hi

s 
ca

ch
e 

is
 v

er
y 

u
se

fu
l d

ue
 to

 th
e 

be
h

av
io

u
r 

of
 th

e 
tr

an
si

en
t s

to
re

.
A

s 
a 

m
at

te
r 

of
 fa

ct
, t

he
 tr

an
si

en
t s

to
re

 c
al

ls
 th

e 
X
m
l
C
n
v
S
v
c

 a
nd

 th
u

s,
 in

d
ir

ec
tl

y,
 th

e 
X
m
l
P
a
r
s
e
r
S
v
c

, e
ve

ry
 ti

m
e 

an
 o

bj
ec

t i
s 

m
is

si
ng

. W
he

n 
th

is
 o

cc
u

rs
, a

n 
X

M
L

 fi
le

 is
 p

ar
se

d
 a

nd
 

th
e 

ob
je

ct
 is

 c
re

at
ed

 a
nd

 p
ut

 in
to

 th
e 

st
or

e.
 B

ut
 a

ll
 th

e 
ob

je
ct

s 
co

n
ta

in
ed

 in
 th

e 
X

M
L

 fi
le

 a
re

 n
ot

 
cr

ea
te

d
 a

nd
 p

u
t i

nt
o 

th
e 

st
or

e,
 o

n
ly

 th
e 

on
es

 n
ee

d
ed

. T
hu

s,
 if

 th
e 

ne
xt

 m
is

si
ng

 o
bj

ec
t i

s 
d

ef
in

ed
 

in
 th

e 
sa

m
e 

X
M

L
 fi

le
, t

hi
s 

on
e 

w
il

l b
e 

re
ad

 a
ga

in
 a

nd
 p

ar
se

d
 a

ga
in

.
T

ha
t’

s 
w

he
re

 th
e 

ca
ch

e 
is

 v
er

y 
u

se
fu

l: 
it

 a
vo

id
s 

op
en

in
g 

an
d

 p
ar

si
ng

 th
e 

sa
m

e 
fi

le
 a

ga
in

 a
nd

 
ag

ai
n.

 A
 r

ec
en

t e
xa

m
p

le
 s

ho
w

ed
 th

at
 th

e 
ca

ch
e 

co
u

ld
 s

pe
ed

 u
p

 th
e 

p
ar

si
ng

 w
it

h 
a 

fa
ct

or
 1

80
 

u
nd

er
 c

er
ta

in
 c

on
di

ti
on

s 
(1

30
0 

ob
je

ct
s 

in
 th

e 
sa

m
e 

fi
le

, r
ea

d
 o

ne
 b

y 
on

e)
.

T
he

 im
po

rt
an

t p
oi

nt
 is

 th
at

 th
is

 c
ac

he
 c

an
 b

e 
co

nf
ig

ur
ed

 in
 o

rd
er

 to
 b

e 
ef

fi
ci

en
t f

or
 e

ve
ry

 
sp

ec
ia

l c
as

e.
 T

he
 tw

o 
co

nf
ig

u
ra

ti
on

 p
ar

am
et

er
s 

ar
e 

:

•
th

e 
m

ax
im

um
 n

u
m

be
r 

of
 c

ac
he

d
 fi

le
s.

 T
hi

s 
is

 g
iv

en
 b

y 
th

e 
M

ax
D

oc
N

bI
nC

ac
he

 
pr

op
er

ty
 in

 th
e 

jo
b 

op
ti

on
s 

fi
le

. T
he

 d
ef

au
lt

 v
al

u
e 

is
 1

0.

•
th

e 
be

ha
vi

or
 o

f t
he

 c
ac

he
. T

hi
s 

is
 g

iv
en

 b
y 

th
e 

C
ac

he
B

eh
av

io
r 

p
ro

p
er

ty
 in

 th
e 

jo
b 

op
ti

on
s 

fi
le

. T
h

e 
d

ef
au

lt
 is

 2
. T

he
 m

ea
ni

ng
 o

f t
hi

s 
p

ar
am

et
er

 is
 a

 b
it

 c
om

pl
ic

at
ed

. I
t i

s 
ex

p
la

in
ed

 b
el

ow
.
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1 
C

ac
he

B
eh

av
io

r 
us

ag
e

T
he

 q
ui

ck
 e

xp
la

na
ti

on
 is

 :

•
se

t C
ac

he
B

eh
av

io
r 

to
 0

 to
 h

av
e 

a 
FI

FO
 (F

ir
st

 in
, f

ir
st

 o
u

t)
 b

eh
av

io
r

•
pu

t i
t t

o 
m

or
e 

to
 k

ee
p 

fi
le

s 
th

at
 a

re
 r

eu
se

d
. I

n 
th

is
 s

ec
on

d
 c

as
e,

 th
e 

va
lu

e 
of

 th
e 

pa
ra

m
et

er
 g

iv
es

 y
ou

 th
e 

fr
eq

u
en

cy
 o

f u
sa

ge
 a

 g
iv

en
 fi

le
 s

ho
u

ld
 h

av
e 

to
 s

ta
y 

in
 th

e 
ca

ch
e.

 E
g,

 fo
r 

th
e 

de
fa

ul
t v

al
u

e,
 a

 f
ile

 r
eu

se
d

 o
nc

e 
ev

er
y 

tw
o 

fi
le

 u
sa

ge
s 

w
ill

 s
ta

y 
fo

re
ve

r 
in

 th
e 

ca
ch

e.

T
he

 c
om

p
le

te
 e

xp
la

na
ti

on
 is

 th
e 

fo
ll

ow
in

g 
:

 
p

ag
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0

•
fo

r 
ea

ch
 it

em
 in

 th
e 

ca
ch

e,
 it

s 
b
i
r
t
h
D
a
t
e

 a
nd

 it
s 
u
t
i
l
i
t
y

 a
re

 s
to

re
d

. T
he

 
b
i
r
t
h
D
a
t
e

 is
 th

e 
ag

e 
of

 th
e 

ca
ch

e 
at

 th
e 

ti
m

e 
th

e 
it

em
 w

as
 a

d
d

ed
 to

 it
 a

nd
 th

e 
ag

e 
gr

ow
s 

by
 1

 e
ac

h 
ti

m
e 

a 
fi

le
 is

 r
eq

u
es

te
d

, b
e 

it
 in

 th
e 

ca
ch

e 
or

 n
ot

. T
he

 u
t
i
l
i
t
y

 is
 th

e 
nu

m
be

r 
of

 ti
m

es
 th

e 
ca

ch
ed

 it
em

 is
 a

cc
es

se
d

, o
nc

e 
it

 is
 in

 th
e 

ca
ch

e.

•
w

he
n 

th
e 

ca
ch

e 
is

 fu
ll,

 th
e 

fo
llo

w
in

g 
va

lu
e 

is
 c

om
p

u
te

d
 fo

r 
ev

er
y 

it
em

: 
b
i
r
t
h
D
a
t
e

+
C
a
c
h
e
B
e
h
a
v
i
o
r

*
u
t
i
l
i
t
y.

 T
he

 it
em

 w
it

h 
th

e 
sm

al
le

st
 s

co
re

 is
 

re
m

ov
ed

 f
ro

m
 th

e 
ca

ch
e.

So
, i

f 
C
a
c
h
e
B
e
h
a
v
i
o
r

 =
 0

, t
he

 it
em

 w
it

h 
th

e 
sm

al
le

st
 b
i
r
t
h
D
a
t
e

 is
 r

em
ov

ed
, w

hi
ch

 m
ea

n
s 

th
e 

ol
d

es
t. 

So
 it

 is
 a

 F
IF

O
. I

f n
ot

, t
he

 th
in

g 
is

 a
 b

it
 m

or
e 

tr
ic

ky
 b

ut
 im

ag
in

e 
th

at
 y

ou
 r

eq
u

es
t t

he
 

sa
m

e 
fi

le
 e

ve
ry

 C
a
c
h
e
B
e
h
a
v
i
o
r

 r
eq

ue
st

ed
 f

ile
s.

 T
h

e 
u
t
i
l
i
t
y

 o
f t

hi
s 

fi
le

 w
ill

 b
e 

(
c
a
c
h
e
A
g
e

-
b
i
r
t
h
D
a
t
e
)

/
C
a
c
h
e
B
e
h
a
v
i
o
r

 a
nd

 th
u

s,
 it

s 
sc

or
e 

w
ill

 b
e 
c
a
c
h
e
D
a
t
e

, 
w

hi
ch

 is
 th

e 
be

st
 p

os
si

bl
e 

sc
or

e 
fo

r 
a 

ne
w

 a
rr

iv
in

g 
fi

le
. S

o 
th

is
 fi

le
 w

ill
 b

e 
ke

p
t. 

Fi
le

s 
th

at
 a

re
 

le
ss

 o
ft

en
 u

se
d

 w
ill

 h
av

e 
a 

sc
or

e 
fu

rt
he

r 
an

d
 fu

rt
h

er
 fr

om
 th

e 
on

e 
of

 th
e 

la
st

 a
rr

iv
ed

 fi
le

 a
nd

 
w

ill
 e

ve
nt

u
al

ly
 b

e 
d

el
et

ed
. F

il
es

 m
or

e 
of

te
n 

ac
ce

ss
ed

 h
av
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 b
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 b
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t l
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n
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i
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 c
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 d
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 p
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 b
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.
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 d
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 d
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 c
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 m
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 b
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 p

ro
to

co
l "
c
o
n
d
d
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 D
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d
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i
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i
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n
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i
l
e
 
L
H
C
b
/
s
t
r
u
c
t
u
r
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 d
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: f
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 m
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 b
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e 
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cc
es
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it
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n 
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, b
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t d
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 d
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 b
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, b
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 d
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d
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 t
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 c
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rs
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ra
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st

ri
ng

s 
in

 th
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f c
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 c
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f d
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at

 tw
o 

p
er

si
st

en
cy

 m
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 c
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 C
on

d
it

io
ns

D
BC

nv
Sv

c,
 

is
 a

 s
p

ec
ia

l t
yp

e 
of

 c
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w
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e 
to

 
re

tr
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L
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e 

C
on

d
D

B
, t

he
n 

se
nd

 th
em

 to
 a

no
th

er
 c
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m
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d

 in
 S

ec
ti

on
8.

5.
3.

2,
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r 
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ro
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 c
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 c
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d
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m
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it
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 b
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e 

ap
p
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d
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M
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in

gs
 fr

om
 

th
e 

C
on

d
D

B,
 th
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ri
tt

en
 in

 X
M

L
. T

he
 "

se
co

n
da

ry
" 

st
or

ag
e 

ty
p

e 
fo

r 
d

at
a 

bl
oc

ks
 in

 th
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 o
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d
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p
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 b
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p
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 p
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n 
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t b
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 b
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 b
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 r
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n
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i
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 C
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 C
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 p
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 b
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t b
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 b
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 m
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 b
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t d
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p
le

 in
 L

is
ti

n
g 

10
.1

:

I
N
T
u
p
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p
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p
l
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b
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p
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p
l
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p
l
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p
l
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p

ag
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 b
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 b
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 d
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. d
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 c
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 d
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 c
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 d
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h
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 b
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he
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t d
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t c
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u
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on
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 c
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t b

e 
d

ec
la

re
d

 to
 th

e 
N

-t
u

p
le

; i
f n

ot
, t

he
y 

ar
e 

in
va
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 c
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 p
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d
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, c
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 b
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 c
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 c
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 d
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 C
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p
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t
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) c
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 b
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f
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p
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t b
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 d
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 b
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 c
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u
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/
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u
p
l
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"
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.

3
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p
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p
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I
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C
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)
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c
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d
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n
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p
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L
I
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o
l
u
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s
e
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u
p
l
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"
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e
l
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r
l
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"
)
;
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n
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{
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A
d
d
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n
d
e
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o
l
u
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n

8
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t
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d
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t
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"
N
t
r
a
c
k
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,
 
m
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n
t
r
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0
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5
0
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)
;
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d
d
 
a
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r
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z
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p
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=
l
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n
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r
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n
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m
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r
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p
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n
t
1
-
>
a
d
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I
n
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n
t
r
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b
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p
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n
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r
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p
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b
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u
s
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b
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n
t
1
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>
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d
I
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x
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n
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d
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m
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r
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n
u
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b
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1
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n
t
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d
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i
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t
r
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,
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_
h
i
t
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;
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a
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b
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t
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p
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r
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d
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I
L
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R
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2
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:
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p
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 F
ill
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h
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u

p
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Ta
gs
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re
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sa

bl
e 
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st
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m
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 d
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•
I
t
e
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s
<
T
Y
P
E
>
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re
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e 

eq
u

iv
al

en
t o

f n
u

m
be

rs
: b
o
o
l
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o
n
g

, f
l
o
a
t
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•
A
r
r
a
y
<
T
Y
P
E
>

 a
re

 e
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iv
al

en
t t
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1 

d
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al
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 b
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o
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[
s
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z
e
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, l
o
n
g
[
s
i
z
e
]
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f
l
o
a
t
[
s
i
z
e
]
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M
a
t
r
i
x
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Y
P
E
>
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iv
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 b
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 b
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 p
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 d
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n
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y
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e
c
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b
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c
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{
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p
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c
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n
t
u
m
(
)
;

4
:

m
_
p
x
[
m
_
n
t
r
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r
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 c
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, C
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 d
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c
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v
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c
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p
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c
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p
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.
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r
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c
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p
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c
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c
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c
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c
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c
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c
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c
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c
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p
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;
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r
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p
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p
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p
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p
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p
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P
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c
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1
:

#
i
n
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l
u
d
e
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G
a
u
d
i
K
e
r
n
e
l
/
A
l
g
o
r
i
t
h
m
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h
"

2
:

#
i
n
c
l
u
d
e
 
"
G
a
u
d
i
K
e
r
n
e
l
/
P
r
o
p
e
r
t
y
.
h
"

3
:

c
l
a
s
s
 
E
v
e
n
t
C
o
u
n
t
e
r
 
:
 
p
u
b
l
i
c
 
A
l
g
o
r
i
t
h
m
 
{

4
:

p
u
b
l
i
c
:

5
:

 
 
 
 
E
v
e
n
t
C
o
u
n
t
e
r
(
 
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
n
a
m
e
,
 
I
S
v
c
L
o
c
a
t
o
r
*
 
p
S
v
c
L
o
c
a
t
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)
;

6
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~
E
v
e
n
t
C
o
u
n
t
e
r
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)
;

7
:

 
 
 
 
S
t
a
t
u
s
C
o
d
e
 
i
n
i
t
i
a
l
i
z
e
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)
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8
:

 
 
 
 
S
t
a
t
u
s
C
o
d
e
 
e
x
e
c
u
t
e
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)
;

9
:

 
 
 
 
S
t
a
t
u
s
C
o
d
e
 
f
i
n
a
l
i
z
e
(
)
;

1
0
:

p
r
i
v
a
t
e
:

1
1
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I
n
t
e
g
e
r
P
r
o
p
e
r
t
y
 
m
_
f
r
e
q
u
e
n
c
y
;

1
2
:

 
 
 
 
i
n
t
 
m
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s
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n
t
 
m
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o
t
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l
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:
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u
d
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u
d
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u
d
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c
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l
g
F
a
c
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r
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v
e
n
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o
u
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p
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c
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 b
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p
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 d
on

e 
us

in
g 

th
e 
#
i
n
c
l
u
d
e

 d
ir

ec
ti

ve
:

T
he

 “
f
i
l
e
n
a
m
e

” 
ca

n 
al

so
 c
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 d
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 m
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 p
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 p
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t c
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 p
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 s
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p
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b
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b
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p
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e 

m
om

en
t h

e 
in

te
rp

re
ts

 th
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 c
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e 

ha
ve

 m
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he

 o
u

tp
ut

 le
ve

l c
an

 b
e 

co
nf

ig
u

re
d

 w
it

h 
a 

gl
ob

al
 d

ef
au

lt
 fo

r 
th

e 
w

ho
le

 a
p

pl
ic

at
io

n:

an
d

/
or

 lo
ca

lly
 fo

r 
a 

gi
ve

n 
cl

ie
nt

 o
bj

ec
t (

e.
g.

 m
y
A
l
g
o
r
i
t
h
m

):

A
ny

 o
bj

ec
t w

is
hi

ng
 to

 p
ri

nt
 s

om
e 

ou
tp

u
t s

ho
ul

d
 (m

us
t)

 u
se

 th
e 

m
es

sa
ge

 s
er

vi
ce

. A
 p

oi
nt

er
 to

 
th

e 
I
M
e
s
s
a
g
e
S
v
c

 in
te

rf
ac

e 
of

 th
e 

m
es

sa
ge

 s
er

vi
ce

 is
 a

va
ila

bl
e 

to
 a

n 
al

go
ri

th
m

 v
ia

 th
e 

ac
ce

ss
or

 m
et

ho
d

 m
s
g
S
v
c
(
)

, s
ee

 s
ec

ti
on

 5
.2

. I
t i

s 
of

 c
ou

rs
e 

p
os

si
bl

e 
to

 u
se

 th
is

 in
te

rf
ac

e 
d

ir
ec

tl
y,

 b
u

t a
 u

ti
li

ty
 c

la
ss

 c
al

le
d

 M
s
g
S
t
r
e
a
m

 is
 p

ro
vi

d
ed

 w
hi

ch
 s

h
ou

ld
 b

e 
us

ed
 in

st
ea

d
.
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.1
 T

h
e 

M
sg

S
tr

ea
m

 u
ti

lit
y

T
he

 M
s
g
S
t
r
e
a
m

 c
la

ss
 is

 r
es

p
on

si
bl

e 
fo

r 
co

ns
tr

u
ct

in
g 

a 
M
e
s
s
a
g
e

 o
bj

ec
t w

hi
ch

 it
 th

en
 p

as
se

s 
on

to
 th

e 
m

es
sa

ge
 s

er
vi

ce
. W

he
re

 th
e 

m
es

sa
ge

 is
 u

lt
im

at
el

y 
se

n
t t

o 
is

 d
ec

id
ed

 b
y 

th
e 

m
es

sa
ge

 
se

rv
ic

e.

In
 o

rd
er

 to
 a

vo
id

 fo
rm

at
ti

ng
 m

es
sa

ge
s 

w
hi

ch
 w

ill
 n

ot
 b

e 
se

nt
 b

ec
au

se
 th

e 
ve

rb
os

en
es

s 
le

ve
l i

s 
to

o 
hi

gh
, a

 M
s
g
S
t
r
e
a
m

 o
bj

ec
t f

ir
st

 c
he

ck
s 

to
 s

ee
 th

at
 a

 m
es

sa
ge

 w
ill

 b
e 

pr
in

te
d

 b
ef

or
e 

ac
tu

al
ly

 
co

ns
tr

u
ct

in
g 

it
. H

ow
ev

er
 th

e 
th

re
sh

ol
d

 fo
r 

a 
M
s
g
S
t
r
e
a
m

 o
bj

ec
t i

s 
no

t d
yn

am
ic

, i
.e

. i
t i

s 
se

t a
t 

cr
ea

ti
on

 ti
m

e 
an

d
 r

em
ai

ns
 th

e 
sa

m
e.

 T
hu

s 
in

 o
rd

er
 to

 k
ee

p
 s

yn
ch

ro
ni

ze
d

 w
it

h 
th

e 
m

es
sa

ge
 

se
rv

ic
e,

 w
hi

ch
 in

 p
ri

nc
ip

le
 c

ou
ld

 c
h

an
ge

 it
s 

pr
in

to
u

t l
ev

el
 a

t a
ny

 ti
m

e,
 M
s
g
S
t
r
e
a
m

 o
bj

ec
ts

 
sh

ou
ld

 b
e 

m
ad

e 
lo

ca
lly

 o
n 

th
e 

st
ac

k 
w

he
n 

ne
ed

ed
. F

or
 e

xa
m

pl
e,

 if
 y

ou
 lo

ok
 a

t t
he

 li
st

in
g 

of
 th

e 
H
e
l
l
o
W
o
r
l
d

 c
la

ss
 (

se
e 

al
so

 L
is

ti
ng

 1
1.

5 
be

lo
w

) y
ou

 w
ill

 n
ot

e 
th

at
 M
s
g
S
t
r
e
a
m

 o
bj

ec
ts

 a
re

 
in

st
an

ti
at

ed
 lo

ca
lly

 (
i.e

. n
ot

 u
si

ng
 n
e
w

) i
n 

al
l t

hr
ee

 o
f 

th
e 
I
A
l
g
o
r
i
t
h
m

 m
et

ho
d

s 
an

d
 th

us
 a

re
 

d
es

tr
uc

te
d

 w
he

n 
th

e 
m

et
ho

d
s 

re
tu

rn
. I

f t
hi

s 
is

 n
ot

 d
on

e 
m

es
sa

ge
s 

m
ay

 b
e 

lo
st

, o
r 

to
o 

m
an

y 
m

es
sa

ge
s 

m
ay

 b
e 

p
ri

nt
ed

.

T
he

 M
s
g
S
t
r
e
a
m

 c
la

ss
 h

as
 b

ee
n 

d
es

ig
ne

d
 to

 r
es

em
bl

e 
cl

os
el

y 
a 

no
rm

al
 s

tr
ea

m
 c

la
ss

 s
u

ch
 a

s 
s
t
d
:
:
c
o
u
t

, a
nd

 in
 fa

ct
 in

te
rn

al
ly

 u
se

s 
an

 o
s
t
r
s
t
r
e
a
m

 o
bj

ec
t. 

A
ll

 o
f t

he
 M
s
g
S
t
r
e
a
m

 
m

em
be

r 
fu

nc
ti

on
s 

w
ri

te
 u

n
fo

rm
at

te
d

 d
at

a;
 fo

rm
at

te
d

 o
u

tp
u

t i
s 

ha
nd

le
d

 b
y 

th
e 

in
se

rt
io

n 
op

er
at

or
s.

/
/
 
S
e
t
 
o
u
t
p
u
t
 
l
e
v
e
l
 
t
h
r
e
s
h
o
l
d

/
/
(
1
=
V
E
R
B
O
S
E
,
 
2
=
D
E
B
U
G
,
 
3
=
I
N
F
O
,
 
4
=
W
A
R
N
I
N
G
,
 
5
=
E
R
R
O
R
,
 
6
=
F
A
T
A
L
,
 
7
=
A
L
W
A
Y
S
)

M
e
s
s
a
g
e
S
v
c
.
O
u
t
p
u
t
L
e
v
e
l
 
=
 
4
;

m
y
A
l
g
o
r
i
t
h
m
.
O
u
t
p
u
t
L
e
v
e
l
 
=
 
2
;

 
p

ag
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pt
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 F
ra
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A
n 

ex
am

p
le

 u
se

 o
f t
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 M
s
g
S
t
r
e
a
m

 c
la

ss
 is

 s
ho

w
n 

be
lo

w
.

W
he

n 
u

si
n

g 
th

e 
M
s
g
S
t
r
e
a
m

 c
la

ss
 ju

st
 th

in
k 

of
 it

 a
s 

a 
co

nf
ig

ur
ab

le
 o

ut
p

u
t s

tr
ea

m
 w
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se
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ti
va

ti
on
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 a
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ua

lly
 c

on
tr

ol
le

d
 b

y 
th

e 
fi

rs
t w

or
d

 (m
es

sa
ge

 le
ve

l)
 a

nd
 w

h
ic

h 
ac

tu
al

ly
 p

ri
n
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on
ly

 w
he

n 
“e
n
d
r
e
q

” 
is

 s
u

p
pl

ie
d.

 F
or

 a
ll 

ot
he

r 
fu

nc
ti

on
al

it
y 

si
m

pl
y 

re
fe

r 
to

 th
e 

C
+

+
 o
s
t
r
e
a
m

 
cl

as
s.

T
he

 “
ac

ti
va

ti
on

 le
ve

l”
 o

f t
he

 M
s
g
S
t
r
e
a
m

 o
bj

ec
t i

s 
co

nt
ro

ll
ed

 b
y 

th
e 

fi
rs

t e
xp

re
ss

io
n,

 e
.g

. 
M
S
G
:
:
E
R
R
O
R

 o
r 
M
S
G
:
:
D
E
B
U
G

 in
 th

e 
ex

am
pl

e 
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ov
e.

 P
os

si
bl

e 
va

lu
es

 a
re

 g
iv

en
 b

y 
th

e 
en

u
m

er
at

io
n 

be
lo

w
: 

T
hu

s 
th

e 
co

d
e 

in
 L

is
ti

ng
 1

1.
5 

w
ill

 p
ro

d
u

ce
 N

O
 o

u
tp

u
t i

f t
he

 p
ri

nt
 le

ve
l o

f t
he

 m
es

sa
ge

 s
er

vi
ce

 
is

 s
et

 h
ig

he
r 

th
an

 M
SG

::E
R

R
O

R
. I

n 
ad

d
it

io
n 

if
 th

e 
se

rv
ic

e’
s 

pr
in

t l
ev

el
 is

 lo
w

er
 th

an
 o

r 
eq

u
al

 to
 

M
SG

::D
E

B
U

G
 th

e 
“F
i
n
a
l
i
z
e
 
c
o
m
p
l
e
t
e
d
 
s
u
c
c
e
s
s
f
u
l
l
y

” 
m

es
sa

ge
 w

ill
 b

e 
pr

in
te

d
 

(a
ss

u
m

in
g 

of
 c

ou
rs

e 
it

 w
as

 s
u

cc
es

sf
u

l)
.

  U
se

r 
in

te
rf

ac
e

W
ha

t f
ol

lo
w

s 
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 te

ch
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ca
l d

es
cr

ip
ti

on
 o

f t
he

 p
ar

t o
f t

he
 M
s
g
S
t
r
e
a
m

 u
se

r 
in

te
rf

ac
e 

m
os

t o
ft

en
 

se
en

 b
y 

ap
p

lic
at

io
n 

d
ev

el
op

er
s.

 P
le

as
e 

re
fe

r 
to

 th
e 

he
ad

er
 fi

le
 fo

r 
th

e 
co

m
p

le
te

 in
te

rf
ac

e.

In
se

rt
io

n
 O

p
er

at
o

r 
 

T
he

 M
s
g
S
t
r
e
a
m
 

cl
as

s 
ov

er
lo

ad
s 

th
e 

’<
<‘

 o
p

er
at

or
 a

s 
d

es
cr

ib
ed

 b
el

ow
.

M
s
g
S
t
r
e
a
m
&
 
o
p
e
r
a
t
o
r
 
<
<
(
T
Y
P
E
 
a
r
g
)
;

In
se

rt
io

n 
op

er
at

or
 fo

r 
va

ri
ou

s 
ty

pe
s.

 T
he

 a
rg

u
m

en
t i

s 
on

ly
 fo

rm
at

te
d

 b
y 

th
e 

st
re

am
 o

bj
ec

t i
f t

he
 p

ri
nt

 le
ve

l i
s 

su
ff

ic
ie

nt
ly

 h
ig

h 
an

d
 th

e 
st

re
am

 is
 a

ct
iv

e.
 

O
th

er
w

is
e 

th
e 

in
se

rt
io

n 
op

er
at

or
s 

si
m

p
ly

 r
et

u
rn

. T
h

ro
u

gh
 th

is
 m

ec
ha

ni
sm

 
ex

te
ns

iv
e 

d
eb

u
g 

p
ri

nt
ou

t d
oe

s 
n

ot
 c

au
se

 la
rg

e 
ru

n-
ti

m
e 

ov
er

he
ad

s.
 A

ll 
co

m
m

on
 

ba
se

 ty
pe

s 
su

ch
 a

s 
c
h
a
r,

 u
n
s
i
g
n
e
d
 
c
h
a
r,

 i
n
t

, f
l
o
a
t

, e
tc

. a
re

 s
u

pp
or

te
d

L
is

ti
n

g
 1

1.
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  U
se

 o
f a

 M
sg

S
tr

e
am

 o
bj

ec
t.

1
:

#
i
n
c
l
u
d
e
 
“
G
a
u
d
i
K
e
r
n
e
l
/
M
g
s
S
t
r
e
a
m
.
h
”

2
:

3
:

S
t
a
t
u
s
C
o
d
e
 
m
y
A
l
g
o
:
:
f
i
n
a
l
i
z
e
(
)
 
{

4
:

S
t
a
t
u
s
C
o
d
e
 
s
t
a
t
u
s
 
=
 
A
l
g
o
r
i
t
h
m
:
:
f
i
n
a
l
i
s
e
(
)
;

5
:

M
s
g
S
t
r
e
a
m
 
l
o
g
(
m
s
g
S
v
c
(
)
,
 
n
a
m
e
(
)
)
;

6
:

i
f
 
(
 
s
t
a
t
u
s
.
i
s
F
a
i
l
u
r
e
(
)
 
)
 
{
 

7
:

/
/
 
P
r
i
n
t
 
a
 
t
w
o
 
l
i
n
e
 
m
e
s
s
a
g
e
 
i
n
 
c
a
s
e
 
o
f
 
f
a
i
l
u
r
e
.

8
:

l
o
g
 
<
<
 
M
S
G
:
:
E
R
R
O
R
 
<
<
 
“
 
F
i
n
a
l
i
z
e
 
f
a
i
l
e
d
”
 
<
<
 
e
n
d
l

9
:

<
<
 
“
E
r
r
o
r
 
i
n
i
t
i
a
l
i
z
i
n
g
 
B
a
s
e
 
c
l
a
s
s
.
”
 
<
<
 
e
n
d
r
e
q
;

1
0
:

}

1
1
:

e
l
s
e
 
{

1
2
:

l
o
g
 
<
<
 
M
S
G
:
:
D
E
B
U
G
 
<
<
 
“
F
i
n
a
l
i
z
e
 
c
o
m
p
l
e
t
e
d
 
s
u
c
c
e
s
s
f
u
l
l
y
”
 
<
<
 
e
n
d
r
e
q
;

1
3
:

}
1
4
:

r
e
t
u
r
n
 
s
t
a
t
u
s
;

1
5
:

}

e
n
u
m
 
M
S
G
:
:
L
e
v
e
l
 
{
 
V
E
R
B
O
S
E
,
 
D
E
B
U
G
,
 
I
N
F
O
,
 
W
A
R
N
I
N
G
,
 
E
R
R
O
R
,
 
F
A
T
A
L
,
 
A
L
W
A
Y
S
 
}
;



G
au

di
 

U
se

rs
 G

ui
de

C
ha

pt
er

 1
1 

 F
ra

m
ew

or
k 

se
rv

ic
es

 
V

er
si

on
/Is

su
e:

9/
0

p
ag

e 
 1

22
 

  

M
s
g
S
t
r
e
a
m
&
 
o
p
e
r
a
t
o
r
 
<
<
(
M
S
G
:
:
L
e
v
e
l
 
l
e
v
e
l
)
;

T
hi

s 
in

se
rt

io
n 

op
er

at
or

 d
oe

s 
no

t f
or

m
at

 a
ny

 o
ut

p
u

t, 
bu

t r
at

he
r 

(d
e)

ac
ti

va
te

s 
th

e 
st

re
am

’s
 f

or
m

at
ti

ng
 a

nd
 fo

rw
ar

di
n

g 
en

gi
ne

 d
ep

en
d

in
g 

on
 th

e 
va

lu
e 

of
 l
e
v
e
l

.

A
cc

ep
te

d
 S

tr
ea

m
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an
ip

u
la

to
rs

  

T
he

 M
s
g
S
t
r
e
a
m

 s
p

ec
if

ic
 m

an
ip

ul
at

or
s 

ar
e 

p
re

se
nt

ed
 b

el
ow

, e
.g

. e
n
d
r
e
q

: M
s
g
S
t
r
e
a
m
&
 

e
n
d
r
e
q
(
M
s
g
S
t
r
e
a
m
&
 s
t
r
e
a
m
)

. B
es

id
es

 th
es

e,
 th

e 
co

m
m

on
 o
s
t
r
e
a
m

 a
n

d 
io

s 
m

an
ip

u
la

to
rs

 
su

ch
 a

s 
s
t
d
:
:
e
n
d
s

, s
t
d
:
:
e
n
d
l

,..
. a

re
 a

ls
o 

ac
ce

pt
ed

.

en
d

l  
In

se
rt

s 
a 

ne
w

lin
e 

se
qu

en
ce

. O
p

p
os

it
e 

to
 th

e 
os

tr
ea

m
 b

eh
av

io
ur

 th
is

 m
an

ip
u

la
to

r 
do

es
 

no
t f

lu
sh

 th
e 

bu
ff

er
. F

u
ll 

na
m

e:
 M
s
g
S
t
r
e
a
m
&
 
e
n
d
l
(
M
s
g
S
t
r
e
a
m
&
 
s
)

en
d

s 
 I

ns
er

ts
 a

 n
u

ll 
ch
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ac

te
r 

to
 te

rm
in

at
e 

a 
st

ri
ng

. F
u

ll 
na

m
e:

 M
s
g
S
t
r
e
a
m
&
 

e
n
d
s
(
M
s
g
S
t
r
e
a
m
&
 
s
)

fl
u

sh
  F

lu
sh

es
 th

e 
st

re
am

's
 b

u
ff

er
 b

u
t d

oe
s 

no
t p

ro
d

uc
e 

an
y 
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u
t!

 F
u

ll 
na

m
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 M
s
g
S
t
r
e
a
m
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f
l
u
s
h
(
M
s
g
S
t
r
e
a
m
&
 
s
)

en
d

re
q

  
Te

rm
in

at
es

 th
e 

cu
rr

en
t m
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sa

ge
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or
m

at
ti

ng
 a

nd
 fo
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ar

d
s 
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e 

m
es

sa
ge
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m
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sa

ge
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e.
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o 
m
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 a
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ig
ne

d
 th

e 
ou

tp
u

t i
s 

se
nt

 to
 s
t
d
:
:
c
o
u
t

. F
u

ll 
na

m
e:
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s
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r
e
a
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e
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d
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q
(
M
s
g
S
t
r
e
a
m
&
 
s
)
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d

m
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  T
h

e 
P

ar
ti

cl
e 

P
ro

p
er

ti
es

 S
er

vi
ce

T
he

 P
ar

ti
cl

e 
P

ro
p

er
ty

 s
er

vi
ce

 is
 a

 u
ti

lit
y 

to
 fi

nd
 in

fo
rm

at
io

n 
ab

ou
t a

 n
am

ed
 p

ar
ti

cl
e’

s 
G

ea
n

t3
 

ID
, J

et
se

t/
P

yt
hi

a 
ID

, G
ea

nt
3 

tr
ac

ki
ng

 ty
p

e,
 c

ha
rg

e,
 m

as
s 

or
 li

fe
ti

m
e.

 T
he

 d
at

ab
as

e 
u

se
d

 b
y 

th
e 

se
rv

ic
e 

ca
n 

be
 c

ha
ng

ed
, b
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;
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h 

au
d

it
or

 is
 c

al
le

d
 im

m
ed

ia
te

ly
 

be
fo

re
 a

nd
 a

ft
er

 e
ac

h 
ca

ll 
to

 e
ac

h 
A

lg
or

it
hm

 in
st

an
ce

, a
nd

 c
an

 tr
ac

k 
so

m
e 

re
so

ur
ce

 u
sa

ge
 o

f 
th

e 
A

lg
or

it
hm

. C
al

ls
 th

at
 a

re
 th

u
s 

m
on

it
or

ed
 a

re
 
i
n
i
t
i
a
l
i
z
e
(
)

, e
x
e
c
u
t
e
(
)

 a
nd

 
f
i
n
a
l
i
z
e
(
)

, a
lt

ho
ug

h 
m

on
it

or
in

g 
ca

n 
be

 d
is

ab
le

d
 fo

r 
an

y 
of

 th
es

e 
fo

r 
p

ar
ti

cu
la

r 
A

lg
or

it
h

m
 

in
st

an
ce

s.
 O

nl
y 

th
e 
e
x
e
c
u
t
e
(
)

 fu
n

ct
io

n 
m

on
it

or
in

g 
is

 e
na

bl
ed

 b
y 

d
ef

au
lt

.

Se
ve

ra
l e

xa
m

p
le

s 
of

 a
ud

it
or

s 
ar

e 
p

ro
vi

d
ed

. T
he

se
 a

re
:

•
N

am
eA

ud
it

or
. T

h
is

 ju
st

 e
m

it
s 

th
e 

na
m

e 
of

 th
e 

A
lg

or
it

hm
 to

 th
e 

St
an

d
ar

d
 M

es
sa

ge
 

Se
rv

ic
e 

im
m

ed
ia

te
ly

 b
ef

or
e 

an
d

 a
ft

er
 e

ac
h 

ca
ll.

 It
 th

er
ef

or
e 

ac
ts

 a
s 

a 
d

ia
gn

os
ti

c 
to

ol
 to

 
tr

ac
e 

pr
og

ra
m

 e
xe

cu
ti

on
.

•
C

hr
on

oA
ud

it
or

. T
hi

s 
m

on
it

or
s 

th
e 

cp
u

 u
sa

ge
 o

f e
ac

h 
al

go
ri

th
m

 a
nd

 r
ep

or
ts

 b
ot

h 
th

e 
to

ta
l a

nd
 p

er
 e

ve
nt

 a
ve

ra
ge

 a
t t

he
 e

nd
 o

f j
ob

.

•
M

em
or

yA
ud

it
or

. T
hi

s 
m

on
it

or
s 

th
e 

st
at

e 
of

 m
em

or
y 

u
sa

ge
 d

u
ri

ng
 e

xe
cu

ti
on

 o
f e

ac
h

 
A

lg
or

it
hm

, a
nd

 w
ill

 w
ar

n 
w

he
n 

m
em

or
y 

is
 a

llo
ca

te
d

 w
it

hi
n

 a
 c

al
l w

it
h

ou
t b

ei
ng

 
re

le
as

ed
 o

n 
ex

it
. U

nf
or

tu
na

te
ly

 th
is

 w
ill

 in
 fa

ct
 b

e 
th

e 
ge

ne
ra

l c
as

e 
fo

r A
lg

or
it

h
m

s 
th

at
 

ar
e 

cr
ea

ti
ng

 n
ew

 d
at

a 
an

d
 r

eg
is

te
ri

ng
 th

em
 w

it
h 

th
e 

va
ri

ou
s 

tr
an

si
en

t s
to

re
s.

 S
u

ch
 

A
lg

or
it

hm
s 

w
ill

 th
er

ef
or

e 
ca

u
se

 w
ar

ni
ng

 m
es

sa
ge

s 
to

 b
e 

em
it

te
d

. H
ow

ev
er

, f
or

 
A

lg
or

it
hm

s 
th

at
 a

re
 ju

st
 r

ea
d

in
g 

da
ta

 fr
om

 th
e 

tr
an

si
en

t s
to

re
s,

 th
es

e 
w

ar
ni

ng
s 

w
ill

 
pr

ov
id

e 
an

 in
d

ic
at

io
n 

of
 a

 p
os

si
bl

e 
m

em
or

y 
le

ak
. N

ot
e 

th
at

 c
u

rr
en

tl
y 

th
e 

M
em

or
yA

u
d

it
or

 is
 o

nl
y 

av
ai

la
bl

e 
fo

r 
L

in
u

x.

•
M

em
St

at
A

ud
it

or
. T

he
 s

am
e 

as
 M

em
or

yA
u

d
it

or
, b

u
t p

ri
nt

s 
a 

ta
bl

e 
of

 m
em

or
y 

us
ag

e 
st

at
is

ti
cs

 a
t t

he
 e

nd
.
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.1
 E

n
ab

lin
g

 t
h

e 
A

u
d

it
o

r 
S

er
vi

ce
 a

n
d

 s
p

ec
if

yi
n

g
 t

h
e 

en
ab

le
d

 A
u

d
it

o
rs

T
he

 A
ud

it
or

 S
er

vi
ce

 is
 e

na
bl

ed
 b

y 
th

e 
fo

ll
ow

in
g 

lin
e 

in
 th

e 
Jo

b 
O

p
ti

on
s 

fi
le

:

Sp
ec

if
yi

ng
 w

hi
ch

 a
u

d
it

or
s 

ar
e 

en
ab

le
d

 is
 il

lu
st

ra
te

d 
by

 th
e 

fo
ll

ow
in

g 
ex

am
p

le
:

/
/
 
E
n
a
b
l
e
 
t
h
e
 
A
u
d
i
t
o
r
 
S
e
r
v
i
c
e

A
p
p
l
i
c
a
t
i
o
n
M
g
r
.
D
L
L
s
 
+
=
 
{
 
"
G
a
u
d
i
A
u
d
"
 
}
;

/
/
 
E
n
a
b
l
e
 
t
h
e
 
N
a
m
e
A
u
d
i
t
o
r
 
a
n
d
 
C
h
r
o
n
o
A
u
d
i
t
o
r

A
u
d
i
t
o
r
S
v
c
.
A
u
d
i
t
o
r
s
 
=
 
{
 
"
N
a
m
e
A
u
d
i
t
o
r
"
,
 
"
C
h
r
o
n
o
A
u
d
i
t
o
r
"
 
}
;



G
au

di
 

U
se

rs
 G

ui
de

C
ha

pt
er

 1
1 

 F
ra

m
ew

or
k 

se
rv

ic
es

 
V

er
si

on
/Is

su
e:

9/
0

p
ag

e 
 1

30
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.2
 O

ve
rr

id
in

g
 t

h
e 

d
ef

au
lt

 A
lg

o
ri

th
m

 m
o

n
it

o
ri

n
g

B
y 

d
ef

au
lt

, o
nl

y 
m

on
it

or
in

g 
of

 th
e 

A
lg

or
it

hm
 e
x
e
c
u
t
e
(
)

 fu
nc

ti
on

 is
 e

na
bl

ed
 b

y 
d

ef
au

lt
. T

hi
s 

d
ef

au
lt

 c
an

 b
e 

ov
er

ri
d

d
en

 fo
r 

in
di

vi
d

u
al

 A
lg

or
it

hm
s 

by
 u

se
 o

f t
he

 f
ol

lo
w

in
g 

A
lg

or
it

hm
 

p
ro

p
er

ti
es

:

11
.7

.3
 Im

p
le

m
en

ti
n

g
 n

ew
 A

u
d

it
o

rs

T
he

 r
el

ev
an

t p
or

ti
on

 o
f t

he
 I
A
u
d
i
t
o
r

 a
bs

tr
ac

t i
n

te
rf

ac
e 

is
 s

ho
w

n 
be

lo
w

:

A
 n

ew
 A

u
d

it
or

 s
ho

ul
d

 in
he

ri
t f

ro
m

 th
e 

A
u

d
it

or
 b

as
e 

cl
as

s 
an

d
 o

ve
rr

id
e 

th
e 

ap
p

ro
p

ri
at

e 
fu

nc
ti

on
s 

fr
om

 th
e 

IA
u

d
it

or
 a

bs
tr

ac
t i

nt
er

fa
ce

. T
he

 fo
llo

w
in

g 
co

d
e 

fr
ag

m
en

t i
s 

ta
ke

n 
fr

om
 th

e 
C

hr
on

oA
u

d
it

or
:

/
/
 
E
n
a
b
l
e
 
i
n
i
t
i
a
l
i
z
e
 
a
n
d
 
f
i
n
a
l
i
z
e
 
a
u
d
i
t
i
n
g
 
&
 
d
i
s
a
b
l
e
 
e
x
e
c
u
t
e
 
a
u
d
i
t
i
n
g

/
/
 
f
o
r
 
t
h
e
 
m
y
A
l
g
o
r
i
t
h
m
 
A
l
g
o
r
i
t
h
m

m
y
A
l
g
o
r
i
t
h
m
.
A
u
d
i
t
I
n
i
t
i
a
l
i
z
e
 
=
 
t
r
u
e
;

m
y
A
l
g
o
r
i
t
h
m
.
A
u
d
i
t
E
x
e
c
u
t
e
 
 
 
 
=
 
f
a
l
s
e
;

m
y
A
l
g
o
r
i
t
h
m
.
A
u
d
i
t
F
i
n
a
l
i
z
e
 
 
 
=
 
t
r
u
e
;
 

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
b
e
f
o
r
e
I
n
i
t
i
a
l
i
z
e
(
 
I
A
l
g
o
r
i
t
h
m
*
 
t
h
e
A
l
g
 
)
 
=
 
0
;

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
a
f
t
e
r
I
n
i
t
i
a
l
i
z
e
 
(
 
I
A
l
g
o
r
i
t
h
m
*
 
t
h
e
A
l
g
 
)
 
=
 
0
;

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
b
e
f
o
r
e
E
x
e
c
u
t
e
 
 
 
(
 
I
A
l
g
o
r
i
t
h
m
*
 
t
h
e
A
l
g
 
)
 
=
 
0
;

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
a
f
t
e
r
E
x
e
c
u
t
e
 
 
 
 
(
 
I
A
l
g
o
r
i
t
h
m
*
 
t
h
e
A
l
g
 
)
 
=
 
0
;

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
b
e
f
o
r
e
F
i
n
a
l
i
z
e
 
 
(
 
I
A
l
g
o
r
i
t
h
m
*
 
t
h
e
A
l
g
 
)
 
=
 
0
;

v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
a
f
t
e
r
F
i
n
a
l
i
z
e
 
 
 
(
 
I
A
l
g
o
r
i
t
h
m
*
 
t
h
e
A
l
g
 
)
 
=
 
0
;

#
i
n
c
l
u
d
e
 
"
G
a
u
d
i
K
e
r
n
e
l
/
A
u
d
i
t
o
r
.
h
"

c
l
a
s
s
 
C
h
r
o
n
o
A
u
d
i
t
o
r
 
:
 
v
i
r
t
u
a
l
 
p
u
b
l
i
c
 
A
u
d
i
t
o
r
 
{

p
u
b
l
i
c
:

 
 
 
 
C
h
r
o
n
o
A
u
d
i
t
o
r
(
c
o
n
s
t
 
s
t
d
:
:
s
t
r
i
n
g
&
 
n
a
m
e
,
 
I
S
v
c
L
o
c
a
t
o
r
*
 
p
S
v
c
L
o
c
a
t
o
r
)
;

 
 
 
 
v
i
r
t
u
a
l
 
~
C
h
r
o
n
o
A
u
d
i
t
o
r
(
)
;

 
 
 
 
v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
b
e
f
o
r
e
I
n
i
t
i
a
l
i
z
e
(
I
A
l
g
o
r
i
t
h
m
*
 
a
l
g
)
;

 
 
 
 
v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
a
f
t
e
r
I
n
i
t
i
a
l
i
z
e
(
I
A
l
g
o
r
i
t
h
m
*
 
a
l
g
)
;

 
 
 
 
v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
b
e
f
o
r
e
E
x
e
c
u
t
e
(
I
A
l
g
o
r
i
t
h
m
*
 
a
l
g
)
;

 
 
 
 
v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
a
f
t
e
r
E
x
e
c
u
t
e
(
I
A
l
g
o
r
i
t
h
m
*
 
a
l
g
)
;

 
 
 
 
v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
b
e
f
o
r
e
F
i
n
a
l
i
z
e
(
I
A
l
g
o
r
i
t
h
m
*
 
a
l
g
)
;

 
 
 
 
v
i
r
t
u
a
l
 
S
t
a
t
u
s
C
o
d
e
 
a
f
t
e
r
F
i
n
a
l
i
z
e
(
I
A
l
g
o
r
i
t
h
m
*
 
a
l
g
)
;

}
;

 
p
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m
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  T
h

e 
R

an
d

o
m

 N
u

m
b

er
s 

S
er

vi
ce

W
he

n 
ge

ne
ra

ti
ng

 r
an

d
om

 n
u

m
be

rs
 tw

o 
is

su
es

 m
u

st
 b

e 
co

ns
id

er
ed

:

•
re

p
ro

d
u

ci
bi

lit
y 

an
d

•
ra

nd
om

ne
ss

 o
f t

he
 g

en
er

at
ed

 n
u

m
be

rs
.

In
 o

rd
er

 to
 e

ns
u

re
 b

ot
h,

 G
au

d
i i

m
p

le
m

en
ts

 a
 s

in
gl

e 
se

rv
ic

e 
en

su
ri

ng
 th

at
 th

es
e 

cr
it

er
ia

 a
re

 
m

et
. T

h
e 

en
ca

p
su

la
ti

on
 o

f t
h

e 
ac

tu
al

 r
an

d
om

 g
en

er
at

or
 in

to
 a

 s
er

vi
ce

 h
as

 s
ev

er
al

 a
d

va
nt

ag
es

:

•
R

an
d

om
 s

ee
d

s 
ar

e 
se

t b
y 

th
e 

fr
am

ew
or

k.
 W

he
n 

d
eb

u
gg

in
g 

th
e 

de
te

ct
or

 s
im

u
la

ti
on

, 
th

e 
pr

og
ra

m
 c

ou
ld

 s
ta

rt
 a

t a
ny

 e
ve

nt
 in

d
ep

en
d

en
t o

f t
h

e 
ev

en
ts

 s
im

ul
at

ed
 b

ef
or

e.
 

U
nl

ik
e 

th
e 

ra
nd

om
 n

u
m

be
r 

ge
ne

ra
to

rs
 th

at
 w

er
e 

kn
ow

n 
fr

om
 C

E
R

N
LI

B
, t

h
e 

st
at

e 
of

 
m

od
er

n 
ge

ne
ra

to
rs

 is
 n

o 
lo

ng
er

 d
ef

in
ed

 b
y 

on
e 

or
 tw

o 
nu

m
be

rs
, b

ut
 r

at
he

r 
by

 a
 fa

ir
ly

 
la

rg
e 

se
t o

f n
um

be
rs

. T
o 

en
su

re
 r

ep
ro

d
u

ci
bi

li
ty

 th
e 

ra
nd

om
 n

u
m

be
r 

ge
n

er
at

or
 m

u
st

 
be

 in
it

ia
liz

ed
 fo

r 
ev

er
y 

ev
en

t.

•
Th

e 
d

is
tr

ib
ut

io
n 

of
 th

e 
ra

nd
om

 n
u

m
be

rs
 g

en
er

at
ed

 is
 in

d
ep

en
d

en
t o

f 
th

e 
ra

nd
om

 
nu

m
be

r 
en

gi
ne

 b
eh

in
d

. A
ny

 d
is

tr
ib

u
ti

on
 c

an
 b

e 
ge

n
er

at
ed

 s
ta

rt
in

g 
fr

om
 a

 f
la

t 
di

st
ri

bu
ti

on
.

•
Th

e 
ac

tu
al

 n
u

m
be

r 
ge

n
er

at
or

 c
an

 e
as

il
y 

be
 r

ep
la

ce
d

 if
 a

t s
om

e 
ti

m
e 

in
 th

e 
fu

tu
re

 
be

tt
er

 g
en

er
at

or
s 

be
co

m
e 

av
ai

la
bl

e,
 w

it
ho

u
t a

ff
ec

ti
ng

 a
ny

 u
se

r 
co

d
e.

T
he

 im
pl

em
en

ta
ti

on
 o

f 
bo

th
 g

en
er

at
or

s 
an

d
 r

an
d

om
 n

u
m

be
r 

en
gi

ne
s 

ar
e 

ta
ke

n 
fr

om
 C

L
H

E
P.

 
T

he
 d

ef
au

lt
 r

an
d

om
 n

u
m

be
r 

en
gi

ne
 u

se
d

 b
y 

G
au

d
i i

s 
th

e 
R

an
Lu

x 
en

gi
ne

 o
f 

C
L

H
E

P
 w

it
h 

a 
lu

xu
ry

 le
ve

l o
f 3

, w
hi

ch
 is

 a
ls

o 
th

e 
d

ef
au

lt
 fo

r 
G

ea
nt

4,
 s

o 
as

 to
 u

se
 th

e 
sa

m
e 

m
ec

ha
ni

sm
 to

 
ge

ne
ra

te
 r

an
d

om
 n

u
m

be
rs

 a
s 

th
e 

d
et

ec
to

r 
si

m
u

la
ti

on
. 

Fi
gu

re
 1

1.
1 

sh
ow

s 
th

e 
ge

ne
ra

l a
rc

hi
te

ct
ur

e 
of

 th
e 

G
au

d
i r

an
d

om
 n

u
m

be
r 

se
rv

ic
e.

 T
he

 c
lie

nt
 

in
te

ra
ct

s 
w

it
h 

th
e 

se
rv

ic
e 

in
 th

e 
fo

llo
w

in
g 

w
ay

:

•
Th

e 
cl

ie
nt

 r
eq

u
es

ts
 a

 g
en

er
at

or
 fr

om
 th

e 
se

rv
ic

e,
 w

hi
ch

 is
 a

bl
e 

to
 p

ro
d

uc
e 

a 
ge

ne
ra

to
r 

ac
co

rd
in

g 
to

 a
 r

eq
ue

st
ed

 d
is

tr
ib

u
ti

on
. T

he
 c

lie
nt

 th
en

 r
et

ri
ev

es
 th

e 
re

qu
es

te
d

 
ge

ne
ra

to
r.

•
Be

hi
nd

 th
e 

sc
en

es
, t

he
 g

en
er

at
or

 s
er

vi
ce

 c
re

at
es

 th
e 

re
qu

es
te

d
 g

en
er

at
or

 a
nd

 
in

it
ia

liz
es

 th
e 

ob
je

ct
 a

cc
or

d
in

g 
to

 th
e 

pa
ra

m
et

er
s.

 T
he

 s
er

vi
ce

 a
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i
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c
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p
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c
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p
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i
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h
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i
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c
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p
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b
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c
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p
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at
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at
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 p

hy
si

cs
 e

ve
nt

. T
hi

s 
in

ci
d

en
t c
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 p
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p
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 p

ro
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 d
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t p
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 m
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h
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at
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t d
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 d
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d
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ra
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 d

is
pl

ay
 L

H
C

b 
ev

en
ts

 a
nd

 d
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 p
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ra
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 d
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 d
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 c
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 p
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 p
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) b
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 c
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 d
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c
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 b
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 D
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e 
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s

W
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n 

G
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d
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 c
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b 
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d
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e 
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 c
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 d
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c
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 b
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ai
n 

am
ou

nt
 o

f 
p
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d
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u
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p
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n
i
t
i
a
l
i
z
e
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)
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 f
i
n
a
l
i
z
e
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 m
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d
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w
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vo
ke

d
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at
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n 
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l d
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s 
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in

he
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e 
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r 
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 c
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p
e
c
i
f
i
c
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e
r
v
i
c
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 s

er
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u
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 d
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r
v
i
c
e

 b
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m
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m
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e 
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t c
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fa
ce
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n
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t
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p
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I
C
o
n
c
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p
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d
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y 

to
 d
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ba

se
 c
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o 
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e 
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re
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m
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m
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e 
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d

i c
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p
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u
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p
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d
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 b
y 
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e 
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e 
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e 
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 p
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m
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o
p
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p
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w
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 p
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d

es
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s 
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m
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 p
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e 
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 c
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 m
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at
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 b
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c
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p
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c
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p
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 c
on

cr
et

e
 s

er
vi

ce
 c

la
ss

. T
ho

ug
h 

no
t s

ho
w

n
 in

 th
e 

fig
ur

e,
 b

ot
h 

of
 th

e 
IC

on
cr

et
e

S
vc

Ty
pe

 in
te

rf
ac

es
 a

re
 d

er
iv

ed
 fr

om
 II

nt
er

fa
ce

.

 
p

ag
e 

 1
37

  G
au

di
 

U
se

rs
 G

ui
de

C
ha

pt
er

 1
1 

 F
ra

m
ew

or
k 

se
rv

ic
es

 
V

er
si

on
/Is

su
e:

9/
0

T
he

 id
en

ti
fi

ca
ti

on
 o

f w
h

at
 in

te
rf

ac
e 

ty
p

es
 a

re
 im

p
le

m
en

te
d

 b
y 

a 
p

ar
ti

cu
la

r 
cl

as
s 

is
 d
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 b
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 f
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 b
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p
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i
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 b
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 b
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 p
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 to

 tr
an

si
en

t o
bj

ec
ts

 is
 

d
on

e 
on

 r
eq

ue
st

 b
y 

sp
ec

ia
lis

ed
 c

on
ve

rt
er

s.

E
v
e
n
t
S
e
l
e
c
t
o
r
.
I
n
p
u
t
 
=
 
{
"
F
I
L
E
 
=
 
’
C
:
/
d
a
t
a
/
m
y
d
a
t
a
.
d
s
t
,
 
 
 
 

/
c
a
s
t
o
r
/
c
e
r
n
.
c
h
/
l
h
c
b
/
m
c
/
L
2
5
1
3
6
7
’
"
}
;

E
v
e
n
t
S
e
l
e
c
t
o
r
.
I
n
p
u
t
 
=
 
{
 
"
J
O
B
I
D
=
’
1
6
4
3
4
,
 
1
6
4
3
5
’
"
 
}
;

E
v
e
n
t
S
e
l
e
c
t
o
r
.
I
n
p
u
t
 
=
 
{
"
T
A
P
E
=
’
Y
2
1
2
2
1
-
7
,
 
Y
2
1
2
2
3
-
2
4
’
"
;

E
v
e
n
t
S
e
l
e
c
t
o
r
.
F
i
r
s
t
E
v
e
n
t
 
=
 
1
0
9
;
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A
s 

m
en

ti
on

ed
 in

 C
ha

pt
er

 1
3,

 a
 c

on
ve

rt
er

 m
u

st
 im

p
le

m
en

t t
he

 I
C
o
n
v
e
r
t
e
r

 in
te

rf
ac

e,
 b

y 
d

er
iv

in
g 

fr
om

 a
 s

pe
ci

fi
c 

ba
se

 c
la

ss
. I

n 
th

is
 w

ay
 a

ny
 a

ct
io

ns
 w

hi
ch

 a
re

 in
 c

om
m

on
 to

 a
ll 

co
nv

er
te

rs
 o

f a
 s

pe
ci

fi
c 

te
ch

no
lo

gy
 m

ay
 b

e 
im

p
le

m
en

te
d

 in
 a

 s
in

gl
e 

p
la

ce
.

In
 th

e 
fo

llo
w

in
g 

se
ct

io
n 

w
e 

gi
ve

 d
et

ai
le

d
 in

st
ru

ct
io

ns
 o

n 
ho

w
 to

 im
pl

em
en

t c
on

ve
rt

er
s 

w
it

hi
n 

th
e 

Si
cb

C
nv

 p
ac

ka
ge

. T
he

se
 a

re
 in

te
nd

ed
 p

ri
m

ar
ily

 fo
r 

G
au

d
i d

ev
el

op
er

s 
th

em
se

lv
es
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 Im

p
le

m
en

ti
n

g
 c

o
n

ve
rt

er
s 

in
 t

h
e 

S
ic

b
C

n
v 

p
ac

ka
g

e

SI
C

B
 c

on
ve

rt
er

s 
ar

e 
av

ai
la

bl
e 

fo
r 

re
ad

in
g 

m
os

t S
IC

B
 b

an
ks

, t
he

 fu
ll 

lis
t o

f c
on

ve
rt

ed
 b

an
ks

 is
 

av
ai

la
bl

e 
at

 h
tt

p:
//

ce
rn

.c
h/

lh
cb

-c
om

p/
Su

pp
or

t/
ht

m
l/C

on
ve

rt
ed

SI
C

B
B

an
ks

.h
tm

. W
ri

ti
ng

 b
ac

k 
in

to
 

p
er

si
st

en
t s

to
ra

ge
 (Z

E
B

R
A

 fi
le

s)
 is

 p
os

si
bl

e 
fo

r 
a 

fe
w

 b
an

ks
.
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pi
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lly

, G
A

U
D

I 
D
a
t
a
O
b
j
e
c
t

s 
ca

n 
be

 o
f t

w
o 

ty
p

es
:

•
Si

m
pl

e 
cl

as
se

s,
 w

hi
ch

 c
on

ta
in

 th
e 

d
at

a 
of
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 s

in
gl

e 
SI

C
B 
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nk
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se
 c

la
ss
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re
 o

f t
yp

e 
D
a
t
a
O
b
j
e
c
t
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n 
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am

pl
e 
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E
v
e
n
t

 c
la
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on
ta

in
in

g 
th

e 
d

at
a 
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SS
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an
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•
C

on
ta

in
er

 c
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, w
hi
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in
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a 
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ti
p
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B
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an
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. A
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ex
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e 

O
b
j
e
c
t
V
e
c
t
o
r
<
M
C
P
a
r
t
i
c
l
e
>

, w
hi

ch
 c

on
ta

in
s 

M
on

te
-C

ar
lo

 p
ar

ti
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es
 w

it
h 

d
at

a 
fr

om
 th

e 
A

T
M

C
 b

an
k.

Te
m

p
la

te
 fi

le
s 

ex
is

t i
n 

th
e 

d
ir

ec
to

ry
 $
L
H
C
B
S
O
F
T
/
S
i
c
b
C
n
v
/
<
v
e
r
s
i
o
n
>
/
d
o
c
 

fo
r 

bo
th

 ty
p

es
 

of
 c

on
ve

rt
er

s,
 to

 e
as

e 
th

e 
cr

ea
ti

on
 o

f 
us

er
 c

on
ve

rt
er

s:

•
S
i
c
b
C
n
v
.
C
l
a
s
s
.
T
e
m
p
l
a
t
e
.
c
p
p

 a
nd

 S
i
c
b
C
n
v
.
C
l
a
s
s
.
T
e
m
p
l
a
t
e
.
h

 to
 b

e 
u

se
d

 
w

he
n 

w
ri

ti
ng

 a
 c

on
ve

rt
er

 fo
r 

a 
si

ng
le

 c
la

ss
.

•
S
i
c
b
C
n
v
.
C
l
a
s
s
.
C
o
n
t
a
i
n
e
r
.
c
p
p

 a
n

d 
S
i
c
b
C
n
v
.
C
o
n
t
a
i
n
e
r
.
T
e
m
p
l
a
t
e
.
h

 to
 b

e 
us

ed
 w

he
n 

w
ri

ti
n

g 
a 

co
nt

ai
ne

r 
of

 a
n 

ob
je

ct
 c

on
ta

in
er

.

If
 y

ou
 in

te
nd

 to
 w

ri
te

 y
ou

r 
ow

n 
SI

C
B

 c
on

ve
rt

er
, f

ol
lo

w
 th

e 
in

st
ru

ct
io

ns
 b

el
ow

:

•
C

op
y 
S
i
c
b
C
n
v
.
x
x
x
x
.
T
e
m
p
l
a
t
e
.
h
 

  t
o 
S
i
c
b
<
y
o
u
r
-
c
l
a
s
s
>
C
n
v
.
h

, w
h

er
e 

<
y
o
u
r
-
c
l
a
s
s
>

 is
 th

e 
n

am
e 

of
 y

ou
r 

p
er

si
st

en
t c

la
ss

.

•
C

op
y 
S
i
c
b
C
n
v
.
x
x
x
x
.
T
e
m
p
l
a
t
e
.
c
p
p
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 S
i
c
b
<
y
o
u
r
-
c
l
a
s
s
>
C
n
v
.
c
p
p

•
N

ow
 c

u
st

om
iz

e 
th

e 
he

ad
er

 a
nd

 th
e 

im
pl

em
en

ta
ti

on
 f

ile

•
Fo

llo
w

 T
O
D
O

 in
st

ru
ct

io
ns

 in
 S
i
c
b
<
y
o
u
r
-
c
l
a
s
s
>
C
n
v
.
h

•
Fo

llo
w

 T
O
D
O

 in
st

ru
ct

io
ns

 in
 S
i
c
b
<
y
o
u
r
-
c
l
a
s
s
>
C
n
v
.
c
p
p

•
Th

e 
co

nv
er

te
r 

fa
ct

or
y 

m
u

st
 b

e 
m

ad
e 

kn
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n 
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e 
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st

em
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s 
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ct
 d

ep
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d
s 
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 th

e 
lin
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ng
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h
an
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m

: I
f t

he
 c

on
ve

rt
er

 is
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ed
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to

 th
e 

ex
ec

u
ta

bl
e 
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n 
ob

je
ct
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, n
o 
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 is

 n
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. H
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ev
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su
al

ly
 th

e 
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nv
er
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r 
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d

e 
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d
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 s
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d
 o

r 
ar

ch
iv

e 
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ry
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n

 th
is

 c
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e 
th

e 
lib
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ry
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u

st
 h

av
e 

an
 in

it
ia
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at

io
n 

ro
ut

in
e 

w
hi

ch
 

cr
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te
s 

an
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rt
if
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ia

l r
ef

er
en

ce
 to

 th
e 

cr
ea

te
d

 c
on

ve
rt

er
 a

nd
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 th
e 

lin
ke

r 
to

 in
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u
d

e 
th

e 
co

d
e 

in
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e 
ex
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ut
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. A
n 

ex
am

pl
e 

of
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re
at

in
g 

su
ch

 a
 r

ef
er

en
ce

 c
an

 b
e 

fo
un

d
 in

 
th

e 
fi

le
 

$
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H
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i
c
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v
/
<
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e
r
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o
n
>
/
S
i
c
b
C
n
v
/
S
i
c
b
C
n
v
D
l
l
/
S
i
c
b
C
n
v
_
l
o
a
d
.
c
p
p

. 
Th

e 
co
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en

ti
on

 f
or
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e 
in

it
ia

liz
at

io
n 

fi
le

s 
is
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e 
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llo

w
in

g:
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r 
an

y 
ot
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r 

p
ac

ka
ge

 
re

p
la

ce
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e 
st

ri
ng
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S
i
c
b
C
n
v

” 
w

it
h 

“O
t
h
e
r
P
a
c
k
a
g
e

”.
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p
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•
C

om
pi

le
 li

nk
, d

eb
u

g

•
O

nc
e 

th
e 
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n

ve
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er
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or
ks
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ov
e 

u
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O
D
O

 c
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m
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n
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 s

om
e 
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se

s 
it

 m
ay

 b
e 

ne
ce
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ar

y 
to

 c
on

ve
rt

 e
ve

nt
 d
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a 

fr
om
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e 

G
au

d
i T

ra
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nt

 E
ve

n
t D
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a 
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 S
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B 
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n
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Z

E
B

R
A

 C
O

M
M

O
N

 b
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ck
, t

o 
m
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e 
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 d
at

a 
av

ai
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e 

to
 

FO
R

T
R

A
N

 a
lg

or
it

hm
s.

 T
hi

s 
"b

ac
k"

 c
on

ve
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io
n 

is
 d

on
e 
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 d

ed
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at
ed

 c
on

ve
rt

er
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or
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s.
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n 
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C
a
l
o
D
i
g
i
t
T
o
S
i
c
b
C
o
n
v
e
r
t
e
r
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h
e 

M
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n
et
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T
he

 m
ag

n
et
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 fi

el
d

 m
ap

 w
ill

 b
e 
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ce
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le
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 th
e 

fu
tu
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 th

e 
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an
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en
t d
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to
r 
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e.
 F

or
 th

e 
ti

m
e 
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in

g,
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s 
th
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 is

 n
ot

 im
p

le
m

en
te

d
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nd
 a

s 
ac
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ss

 to
 th

e 
m

ag
ne

ti
c 

fi
el

d
 h

as
 b

ee
n 

re
qu

es
te

d
, 

w
e 

ha
ve

 p
ro

vi
d

ed
 a

 m
ag

ne
ti

c 
fi

el
d

 s
er

vi
ce

. A
ga

in
 th

is
 is

 e
ff

ec
ti

ve
ly

 ju
st

 a
 w

ra
pp

er
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hi
ch

 u
se

s 
SI

C
B

 r
ou

ti
ne

s 
to

 r
ea

d
 th

e 
in

fo
rm

at
io

n 
fr

om
 a

 .c
d
f

 fi
le

.

T
he

 lo
ca

ti
on

 o
f t

he
 f
i
e
l
d
.
c
d
f

 f
ile

 is
 p

ro
vi

d
ed

 b
y 

th
e 
s
t
a
n
d
a
r
d
.
s
t
r
e
a
m

 fi
le

 w
hi

ch
 is

 r
ea

d
 

in
 b

y 
a 

SI
C

B
 r

ou
ti

ne
 c

al
le

d 
fr

om
 G

au
d

i. 
T

hi
s 

fi
le

 is
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 th
e 

d
at

a 
ba

se
 a

re
a,

 
$
L
H
C
B
D
B
A
S
E
/
s
t
a
n
d
a
r
d
.
s
t
r
e
a
m

 in
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. F

or
 e

ve
ry

 v
er

si
on

 th
e 

fi
le

 u
se

d
 in

 th
e 

p
ro

d
u

ct
io

n 
is

 r
ea

d
 in

. T
he

 lo
ca

ti
on

 o
f t

he
 s
t
a
n
d
a
r
d
.
s
t
r
e
a
m

 fi
le

 w
ill

 b
e 

ta
ke

n 
fr

om
 a

n 
en

vi
ro

nm
en

t 
va

ri
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le
 a

s 
p

er
 n

or
m
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B
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pe

ra
ti
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.

To
 u

se
 th

e 
M

ag
ne

ti
c 

fi
el

d
 s

er
vi

ce
 o

ne
 s

ho
u

ld
 m

od
if

y 
th

e 
j
o
b
O
p
t
i
o
n
s
.
t
x
t

 fi
le

 to
 in

cl
u

d
e 

th
e 

fo
llo

w
in

g:
 

A
ny

 a
lg

or
it

hm
 w

hi
ch

 r
eq

u
ir

es
 th

e 
us

e 
of

 th
e 

se
rv

ic
e 

m
ak

es
 a

 r
eq

u
es

t v
ia

 th
e 
s
e
r
v
i
c
e
(
)

 
m

et
ho

d
 o

f t
he

 A
l
g
o
r
i
t
h
m

 b
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e 
cl

as
s:

T
he

 s
er

vi
ce

 p
ro

vi
d

es
 a

 m
et

ho
d

: 

w
hi

ch
 g

iv
es

 a
 m

ag
ne

ti
c 

fi
el

d
 v

ec
to

r 
at

 a
 g

iv
en

 p
oi

nt
 in

 s
p

ac
e,

 fo
r 

ex
am

pl
e:

T
he

 m
ag

ne
ti

c 
fi

el
d

 s
er

vi
ce

 u
se

s 
a 

ne
w

 v
er

si
on

 o
f t

he
 S

IC
B

 r
ou

ti
ne

 G
U
F
L
D

. I
n 

th
is

 n
ew

 v
er

si
on

 
th

e 
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st
 p

os
si

bl
e 

d
es

cr
ip

ti
on

 o
f t

he
 m

ag
ne

t g
eo

m
et

ry
 a

nd
 th

e 
fi

el
d 

ar
e 
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su

m
ed

 in
 o

rd
er

 to
 

el
im

in
at

e 
d

ep
en

d
en

ci
es

 w
it

h 
ot

he
r 

pa
rt

s 
of

 S
IC

B.
 T

ec
hn

ic
al

ly
 in

 S
IC

B
 th

is
 c

or
re

sp
on

d
s 

to
:

A
p
p
l
i
c
a
t
i
o
n
M
g
r
.
E
x
t
S
v
c
 
+
=
 
{
 
"
M
a
g
n
e
t
i
c
F
i
e
l
d
S
v
c
"
}
;

I
M
a
g
n
e
t
i
c
F
i
e
l
d
S
v
c
*
 
p
I
M
F
=
 
0
;

S
t
a
t
u
s
C
o
d
e
 
s
c
 
=
 
s
e
r
v
i
c
e
(
"
M
a
g
n
e
t
i
c
F
i
e
l
d
S
v
c
"
,
 
p
I
M
F
 
)
;

S
t
a
t
u
s
C
o
d
e
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i
e
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d
V
e
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o
r
(
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e
p
P
o
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n
t
3
D
&
 
P
o
s
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H
e
p
V
e
c
t
o
r
3
D
&
 
f
i
e
l
d
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p
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et
er

s 
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 b
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n
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d
 to
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 in
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e 

p
ro

d
u

ct
io

n 
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e 
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fe

w
 m

on
th

s 
be
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 th
e 

Te
ch
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l P
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 1
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f S
IC
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s 

th
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ee

m
s 

to
 b

e 
a 
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 re

st
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ct
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n 
u
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il 

th
e 

fi
el

d 
m

ap
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 p
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d

ed
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 th
e 

d
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de
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pt
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n
 d
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e.

Fo
r 

an
 e
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m

p
le

 o
f t

he
 u

se
 o

f t
hi

s 
se

rv
ic

e 
se

e 
th

e 
su

b-
al

go
ri

th
m

 r
e
a
d
M
a
g
F
i
e
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d
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 th
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e 
F
i
e
l
d
G
e
o
m

 d
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ed
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h 
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d
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l b
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th
e 

X
M

L
 d
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P
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f f
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 r
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 d
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 p
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 c
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in

 G
au

di

A
p
p
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P
i
l
e
U
p
S
e
l
e
c
t
o
r
"
 
}
;

A
p
p
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P
i
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P
i
l
e
U
p
A
l
g
.
P
i
l
e
U
p
M
o
d
e
 
=
 
"
L
U
M
I
S
I
G
N
A
L
"
;

P
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p
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i
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.
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p
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p
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p
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P
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P
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p
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p
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P
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p
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p
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p
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.
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p
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p
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p
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/
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p
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/
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