











!ll

#$ %

0

#3%

%












/1

$

"0 1" 02

3455(2 .6. (".

7( 5089(" :
''804 7( 5043
08«3 1¢(.

"37 (1(" (2 .
‘804 7.5( 05
v 2 (@' 02
"40"( "2 81
$P &
$$ ()
$&
$/ oo
$/1/ " 5
$/ 5
$ oot 2
7( Co
P &
$// 0
$$  /
$ / <

$ /1 "

$ / D

$ /3

$ /; E
$ 3 8

& 00
$$/ E 2
$$//1 7
$$/ (

$$ @

7 3455(2




$/
$

$;/ 3 =
$; /1 3 />
$;/ 7 />
$R 3 &
$=/ " 1?
= ' /A
$=% /B
((5 0 ((5 " " 2 (@ 024.2@8" 1549(. /B
Eso" 7(5('9: 059 0 7('8. 53 : 059 /
7(" 0 (9
+$ 0 4
$ /1 @)
s/ 5 !
% ! 4 4
$ 8/ _
$ s/ ?
$ 8/ E ?
$ % D ?
$ %/ D ?
$ $% D 2
$ $8/ D A
$ $8// ( ' A
$ 8, B
$ 8/ 9 @ F B
$ % B
+$ 4 4 §5+6
$ ;/ $#
$ /1 St
$ 2 %
$ .3 $/
$ 5 8 3 ¥
$ .= E 2 $
H$P 5
$ =/ 0 $
$ =/ 0 $
$ = 0 $$
$ =/ 3 4 $$
$ = E $
$ =3 5 $;
$ = $?



+$3$

~

>

$ >

$ >/

o
[oo]

5%

?/
$

201

01(51 (

$$

NVANVAVANNN Y

NNAVANY

ANy

9
0 (992@2(

+&P$06

05F E(" 45(.

p]

vy

i
NVANVYAYY

vy

vy

i

il
Vaay

e

+2%%0
+4$

Ay

vy

&
4

7
i

9 &»
7 7

X4
D

. 62375026

. 02'804

34

(9

0

4. 2@ 7(

$>

+$ $6

0

$>/11

43

ek
vy

X4
D

i

9

3%
+$

&

i

3
8'.3 50 0309

&

!
!
!
!
!
!
!
1$ %6
1$$
$

1
1



~

&

154

&
&+
—

&

$
$

1
1

r

vy

&

/
(G (2 2@ 7( 50 0309

$

%

Ay

v

NAVAAIANNNAANNNANANAY

vy

v

o]

1896

il

vy

NVANVRA VNN

i
NVANVYAYY

vy

vy

i

il
VA

i

/

/
/

0

/

@
T

/

19

; $8/

&
&
—

50 0309

02 0E 7(

‘94

(1

v

v

VYV VR YANANNAANN NS

5

1996

NVANVYYYY

149%

19%

R

Ay

194

199

4
i

5089(" 27'2

7(

Eso"

059

0 (9 0 7(5('9

7(

28 %6
AR

vy

AVAVAAY

vy

2% %

)

2%4

vy

vy

NVAVNNRVYNN Y

o
vy

9

2%

2%%
2% %

vy

i

(

28 &

vy

(

2$ 96
2$ $806

2%%



28 %6 85 4

AR - >
=3 0 7(5 ..4(. >A
2590 !
2%% 5 4
28% 95 ,
=; ' 537 (3 45(01(51 (: >A

249 35 5 4
24%  /
29%

>/ 17620 4.((G. 2@.(5'9." 02E5 " (: 05F. ??
"B B5 9 SRS
IR 8; -
> 01(5'99' 537 (3 45¢( ?A
>3 7(" 4 0" ( 5((08«3 7B
>: 5( 5(.(2 2@ 4 0" ( 0843 .'." 5(( At
>= 5( 5(.(2 2@ 2" 40" ( 5(('.05@: $3 0" 034" (2 0843 A
>> Eso0" 7( 034" (2 083 0G"9'2 8'3F A
>? 5( 5(.(2 2@ 205@: $3 0" 034" (2 0843 '."2'4 0" ( 5(( A
>A 35(" 2@ 7("'4 0" ( <1 0843 .E50" 7('4 0" ( 5(( A$
>B 3" '89 (.0E 7(E5 " (: 05F AS
>/ # "5('.0E" 501(" (2 A
?/ : 70 7(B5 " (: 05F" 37 (1(. A=
? (. @0E" (.. @ Eos5"" A>
?$ ' 537 (3 45(0E 7(E5' " (: O5F AA
*$$ 35 5
7
?% / G" 99 AA
?$ ' " 9 AB
?% $ " 0 - By
?$ 3 0 - ' " B
?$ = 3 ' " B



| ##
6
6
| ##
6%
6
[ #>
[ #A
<
[ #B
D8d

/1=

vy,
vy,
vy,

vy
vy
vy

Ay
vy

ek

Ry

AVAVAAANANAYNANNANY
ey

v
ey

v

NALEAANL S LS L AR
NAMEEAANL AL LS L AR
NALEAANL S LS L AR

i
vy

NVAVAAANANAANANNAAY

NAVANIANNNINNNNINANAY
NAVANIANNNIANNNANANAY

vy

' . 0453(.

vy

vy

v
v

"6 0

NVANNRVYNN Y

YT

vy

(

05F

—~~

(

vy

Vvy

02 6 (& 'F(' D4(56

02 6 (& (D4
02 6 (& (D4(.

02

G89 60E 7(E5
/
4
. O5F

8
!
!
-
/
&

@2(5'9' 537 (3 45(

E &
?$$/
?$$
*&H
P
<o
Eo(
<$ ™
<$3$
3
Do
$
&
S0l
o
B/ /
E4 45(
S0
.$$
$E
302394. 02
#
30" " 42 3
o
4
30" " 42 3
S0
$$
$E 4
30" " 42 3
906
&$

Al
A
A$
B/
B
B$
/
$



$% ;

' 30"" 423 02 6 (&(D4(. 92F2@ ' 7:'6 /1A
496 /
4 &
4% 4
"= 30" " 423 02 6 (&(D4(. " 9(" (2 (5.0E.37("" /1B
R/
2 &
& 4
> 30" " 423" 02 6 (&6(D4(. ' 99 4893.37("". [/
$H0 /
$$ &
$E 4
' 30"" 423 02 6 (& 1(5 .( ' 7:'6 /
g6/
$$
$E 4
$ #
3/ . '5 2@ 7(" 93 02 =
3 <02 7(903' 970. =
3% . @ 2 7(2( : 05F =
3; 7(" " 2B5 " ( =

= 1(: '99 4893.37("".

3> 1(: ((5." 9("(2 2@ .37(""
37 @ .37(""

3A (55057'2 92@ 2 90@@2@

~ O~ N~ N~ N N N N N NN N~~~
)

3B ' 1(5 .( ' 7:'6 0' 4893.37("" ?
3/# @ '92F2@ ' 7:'6 ?
3// @ ' 7:'6 0 ' ' .0453(. A
3/ .(2 ' D4(s6 A
3/$ 850F(5D4(56 A
3/; 9'42372@ 7(' 4 0" ( ( 05 A
I
/ 5422 2@ 7( 5(3 056.(51 3( / B
%.
% / 4

.( 2@4 7(2( : 05F / B






IEF9L#,

—m Z

" L#$%



n L#$%

% () * %-)

" #$%

!n % %

/)L 2(3 19

/

D+

|EF 9L#$%

M

%



H
E ) E / 8
/
3
) 8
8
pschema, pschema,
SO 50
wi/ w2\ wa
(s L[e]
W () * -/ )A2A31%W -'5.%+4), 7+7/8
4 4
&
)
# 3

" #3%

D+






& 4 %
9 $ 5 4 4 D $
& 4 4 4 00
5 4 4 5 $7 E

S) ; E 4 4 E

4 D $
% &
) + , 0
|
4 7
@ H
19 # %

E 19 Gt %
> 4 4 5

4 5 4 ? . I8FIL# % > 4

5 = 5 4 2%
)
" 8#%% 19 GH %

M
- , 7--%&
M)
M n
9

0

19 G %



257. 7+ %l 9 5 @1
267. 7+ %l 9 5 9'1 )
257. 267.7+ %l 9 53 ) @1 91
9'1 @
207+ %l 9 ;81
M 64), 7 q7/+(, 708 +
-7A1T7= 0 I
" HEN" #3 %
NC@-)(9 4 M
.28067. T-+H26980%/
19 # 9%! " L#$% ) M M
)
«( ()~
'@ )8 - -
0 3 3 3
8
81
) " I " RBFIL# % 1" 8# %
81
" #5 % I18F9L# % ) 991 @1 @' 1
M /
8' 1 - (% ) Q7/ +<2(, 708/
10- + M
0
name
>
S
(a) Schema 51 (b) Schema S2
/() *: 64), 7 %)? %7.)/ 0@ -TOML7=67/ Q7/ +2(, 2/) @04 204)(
E ) - 1" 8#%% % () i
&



o $ M )
H
/ M
$
| | #
) 788/8).)0
&()/ 7, )BR®)/ 0 )Q)/ 82/ Q760 E )
I8FIL# %
!
M wo $ )
@ D9 M ! # % 10(, )8%0 @ )(=
& 78) M ' " D9
) M
) ! # % '
&
() M )
() M
# $
&' " 1(7- )
'@ )8 62« 60+ ' " 7
4 D9 M
M
(# $

. )OT8707 () - 249 (=



28). )U%ma )- 249@(= 9
4=)(&7- 4 8707 , 28).
7o IR

7" | " BA% " 5 " 9

64), 7 (7/+2(, 708 )-2+9®(= 9
"5

% () ISFOL# %
X
¥
query

processor
—
wrapper wrapper

repository

w(O * 4 '@ )8 (64960 ()

: ) I8FOL¥ %
)Q)/ & 7. 5
) %0)/ 4/ 7.



Source Intermediate Intermediate Target
Schema Schemat Schema?2 Schema
Extensional Ttchsionat
Schema Sehotas

() *; /.=0) 42 (6) +64), 7%)C .BB=+R()8 % ™% '@ )8/)Q2(3

®)/ 0
)
'@ )8/)@2(3 ' " +5/)0
2 ) H )
E K
|
! %
% & -«
& 4 E
D $& " 4 4 C
/ R
oY
$
= 9 )
" % 9%& !
8)6)/ Q7.9 8
167.759680=B (25' 40 )+B .763 2< /))8 ( 78, Y707 712/ = B 7/8

() 4407/ 6) @ 6)/ +2(+4% '@ L# % -
(

I3@0L#; %



M
&257. 2- Cp K0z M
)
L" FLH %' )
)=, .70 +! TH# % , 70 (9%.%70%/
&
- 5 55 4 5 5
4 4 D $
+ 3 HH K !@ L# % )
), 7/ 06+ ),
8707
-.76), )/ 0-(25.),
; &
| 8707 2(%82%&
HR(78) - (2>B) (&
$ ?)(=)>7" TR((& 34
M
2 ) (= YoER(& M
M q7/ L ( 6240
M 62402<()+2 (6)+
M 6240 7/ ( 04) ()+ .0 M
4 = :
8% )/ 1% +
&
/I 62-) 2<8)6%a , 73%8&& M
)
)/ 8 2<3/21.)88) H7(%&&7
&
9" 2
$ )0(28/)W 2< %2(, 702 +2 (6)+&
; =/ 7, %0 2<- 7(O@%7/ Or&7 - K
= TV &7 (W& K

I #



2 ()#4])+7/8" -870 62/ 94)/ 6=&

H
*62, -.)0
19 #% 574% - (%6%.) +
/ 28' .7(%;
)
) (7.%;
$ ) 69875%86-; M
K M
2(8)( .28%69
)-4), %.28%
E09
13@95#;, % 19 #%
6)(0r% 7/ +1) (+ M
13@LE % 19 #%
(%B+ ) @
&BS7TH8 Y0 7. T70/57H+ + 0
4 E E 4
4 ?
@ )
8707))(+  4=)(-)(+' H )
) 7 H
H H )

H )

188#,% Q' 40().708/ +4%+
K " M

" LH#% D

E L T# %
?)(=0<(, " .70

/1



M M
3 : M
" % 9%a&
; ' 4 E4
; 4 $
) H
) ac! " .L#$%
3 8 !BOFL# %
/1l
) 9By
- 3 .
( 4 : @7 L# %! 7# %! " L#S% )
) a -
- ac |
C aC 8707 2(%%%
(0]
ac
( | .280%7..=62//)608
M M M
M )
| +4)()+ 2<
622- ) (70z/ (
/)408
) % () C ac 2
: ac

Sphere of
cogperation (a,b)

Sphere of 4:‘_\%‘

: ]
ooperation b =

_‘_t;‘ Sphere of

Data source 1 = cooperation ¢



& () *: . Q708 2<4) BV (64060 ()

ac )(
#4), 7+ D
' |
4 '
-)) ( 8) +6( %02/
HR2(78) 8)+6(%0a/
|
ac H, 7706/)02(3
D M
aC )=, ' .70%/ G"'9
M M &
I " L#% 17 . #$%
" LA#S% M
64), 7 , 7004%& H
M
M
M )?' 7.%
+ 5490
M
M
)
a )
7
M " L#H$%
)
a )
) )
)C760 - T7(0%B., 764 ?' ) (%t
! #1
aC - " L#HS% )

%)
3 8 IE9FL# %

/$



@' 1
ac M
M
n n ] ( (I
4 4 D
E = 4
$, 5E "™ 5 4
R, Go6%s$, 5
5 4 $& 4 E|
4 5 $
HH
- 7-40(B /' 0..7B 7700B ()) )0
8% % 08/)0! %
( 2 C
9 @
I @
E 2
0 +
E 2 13.: 7T#%!3 BB%
12/ = %=
E
M
&
; 12/ = %
= )/ BB
) 4947/ 6)
( 8=/7, %
A )6/ q7.%r0z/
E 2 +#47() ' /' 98 8U3 + 76)
E 2 ; 5
$ % " #
>0 7. /)0 2(3 7-- %708 )>). (
H
E E 2
5M
M M )
$/ 13.: 7T# %
HH



E 2 7.0 2)(7/6)

)

IL." FL# %

1
@ @ %!358L#3%!5 # %

8UY%' 08 7 @
M 8UAB' 08 47+4%& O

I358L#% 19.# %

15 #H%' 7.# % @ H @
H HD

") % % %

@

3
- & 5 E 707 26702/



$ % % #

IL." FL# %
H

<& ()

+01) 642(8 201 7(),

&E
) 7 |
() M
, *50098) / XK

|

2
0 4
6=6.%7..=
) + A

/>



(6.7.0)

Responsible
Tor keys
with hash:

B () *: | %HATOH 2<7 5WEA2A8 og () *:. | () 754(760 SHL 2< O4)
/A 2(31@ -))(+ /)01 2(3 % <& ()
( # = 2
E
47+4 < | 602/ ‘
| D(2
> | ? C :
* % + ! ) ** # ,#
<& ()
2 + *
2 | 2 * |
c . + #
5 4
= M o) 7( H7(64
)
M
Q&) ( 075.)
( ()
LI +
i 5 5
4 4 D $
H
) , ) H78) 2(, 70
0
)

# G" 9 !" BH#HEW" 8#$ % 0" %
)

1?



M
)5 )(>%)+!@ 8L# %!4
)

)
)
M
+ 1
H
ALY 3
L # 3 >Q7%
FD"
H
&
/
)
$

%

G" 9

- 1Y%

K(

)

%

F

/A

IEE" LB %



M
- )
E
M
9 |
M H : |
FD" 9 - H
%
19 # % - - %70/
A
| 7
) )
E S 4 14 %@8LH %
7
E
4 14 %
) H
E -
% & 1 1 ) *
7
8 1 -
7 " #$%8' 1
' )
M
" 8# % | )
8 1
) ) ) 2
M
8" 1

/B



#3%

5 M
4
8 1 5%8%) 602 7.
|
5%8 | 2 )(=
81
<% ()
9 0'10' 0
) 9% 7
"10' 0' 10 ' O* /
o7/ +@%) M
M
M
PS1 PS2
Public Schemas
BAV pathways J
AutoMed
Repositories

& () * /)C7, -.) 40 (60 () 2<0) + &8)408 +=40),



4
$& 5 4
4
4
0 # - (
8 )
)
0
E ) /
/ 9
/
2
9 9 1" #$%
9
E
8'1
I L#$%
M
: E 9
)
)
$






- 7(O%. )
9 & 9 -
-7(0%. )
L
9 - 7(O%.
) )
9 '/ 8)<¥h)8
9
)
23 %
E $/
ps1 ps2
» i w3 wi
pr1 pr2 pr3
wh w6 w? "
ds1 ds2 ds3

W () * /)T, -))A2A31W -'5.9%+64), 7+ -))(+7/8 8707+2 (6) 464), 7+

$ % +
% % +



~

%

%
%

$ %
$ 2 8
/U
/U US$U;
)
E ) /U
$E
)
9



©om

%



A

S9

SS/
SS/
SS/

TS

$IT

% :

)Cre0= 0L 2

SS/

TS $IS$ /1T
TSS$ ;TS
TS $rS

)

;1T
;1T

&

4

TSS$ ;1T

I/



%



M M
( &
( & -
= V9
S v ; (
M) ;
M
" (
M
! & 9
M )

9 ( 9 | M
9 ( = ( U 9
9 ! ( U 9

) M
59 & ( 9 !
= 9
2 59
!
| & -
V9
S V¥ (
>7. 708 §(2+ 70N 7=+
M
5 & 7 -
( = =V
59 =V V
IV

&5

9

5



c 5
5 R !
S5 = T

5 R=
C $
8
(' -()
@
)
) $/1/7
&9 /
&
&9 -
& 9 7 -

o —

l@r L# %



%

&
9 9
U
U
9
U
5 4
U
U
5
E
3
&257. 3/ 21.)88)

S T
T
9
X
X
Su
X 9
X 9
-/
X
X
!II
M
+)6%. -))(

#$%:

/2 .267.3/21.)88)



. %

% .

& 9

N



/ &9 o oR
0+ . %
2
&
" * _
2
2
)
|
$
3
&
3 & R
L
)
/ 0 1
)
&
U, U 9 o U 5
Y - U 9 o oR
3
&
-) (70%/ ) +6( %0/

R

5

9



E% N

00



I . 7/ =
4= 4)1)8 34%08) >7(%5.) 3 70 ( O) 2-)(70% 7. S7(%5.) + 79 ( 0)
2-)(70% 7() 4= 4)/Y8B)>)/ 04) 2/ )+7082/ 20647/ & 4070

122B % &

& 4
4 0)(19% O) ('.) 82)+/20
2



E ) Y
2
-+&; S
9
4 3!
\/
Y V
&
& 9 4 9
9 4P 4
P 9
P 9
2
V S VY
/0 B ;
Vv [S ¥
/0 B2 ;
o 0& V o
0 V
/0 B ;
0 9 IR’&/Q Q
5 / V



lq
v Q Q Q
o o vV Vv
/0 B ; Q
Q
7 -
9
/
; S T
4 3!
= = /U
\Y /U v v
Y vV V
/0 B ;
/U
) )
: S
9
4 3
v Y Y
Y vV VvV
/0 B2 ;
)
)
M



/

3!

u/

u/

/0 B ;

90

[S T

%

/

$?



% .

6

%

#

$A



%0 B ;

%0 B ;

%0 B ;

R&

$B

#3!



%0 B ;

8; 3
E )
9 H
7 6 % # & (
/ 3
" &
3 /
0 )
¢ &
# # #
s T
# 4
(
) &
/| 3
( :
9 [
$ [
1 2 0
= | |
M I
0
)
>O G%
?l
L/
A L/
B 3 I G%



1#"' 0
/110

/
/$ -
/,
/=
mn mn 3 1 1
, (% (2520
M 7

M

a
/ 205223

()0

8)



"))

%



Y

59

%

5 &3

0)
0
0



1)



) %

$_
0
4 5
$_
<%
0
)
M
) 3 5
& 4
4 5&9
& 9 &
&9 ;
& !
&9 U
) & .4H R
9 &

&

5:;%2/0Q;9
, )H7&) 8;9

/ + 4
4
$& 4
5 4 ; $-
4 / + 4 4
5 4 4 4
5
$7 E 5
4 $

)
FD" 9 IEE' LB %

82E
B)/8)(;9 RK)O®(;9 B
B% )-.= 280 962/ 0/ 0;



@ () * [)CT, -.)2<7, )H7&) ' %&0H) +=/ O7C
)

FD" 9

FD" 9 $=
FD" 9

" >Bhw



&# $



%

%

)(2(, 70%)

) #6( %02/

04




0
0
0

_O A—>B(ask) > B>Altellideny/failterror) Q
Y

C A—>B(ask-if) < B2A(confirmideny/error) Q

N
@ A—>B(recommend) T B2A(tell/deny/ailferror) Q
Y
D
N

@ A—>B(advertise)

W () *

&

B->A(confirm/Aaillerror) Q

4) 9, 7/ Of+2<01) %9Wh. 4)02<-)(L2(, 70%)+

$>/



)

Call appropriate
handler for msg

handler

usefupdate

/

‘ State ‘ ‘ Updates ‘MaiIBox

result = (Updates, MailBox, State)

messages
Handle
timeouts

B () * ) (%L 2<04) , & 7/8.)( </ 60@

7



Y&

Y&




%R1$ o ' o9& 298
$ o9& ' &
4 # 5 -6
4) - 68
# 5
9 8 :3;09
13% %R Y& -
4 #
() * 4),)H8 7/.8)(</60a
#
)l
M
M
) M
M
4 5 ;
0
% Z Yl . 'Y Y$ Y%




, - 20 E

) * 3
)(2(, 70%) 2/ )@ ) +6( %0/
M
= M
0 4 0 M
0 4 0
0
0
0 0
0 0
5
4




) 1 25

75.) *

Dir

pri

pr2

pr3

E $H' )
M
$
M
o
;= )

% () *

5

g

1D 11 12 13 14 15 16 17 e

4), )+H78) )BATI &8 %K) )C7, -.)

4) , )HI&+2<04) )7, -.)

)+78)+

/ H ! % & IT
H! % &/ %
$ H ! 98T
; H ! % &/ %
= ! % &/ & T
> ! % & US$ST




? H ! % & T
A ! %5 & %
B ! H 5 & T
| # ! H %% & ;U? TUA%
75) * 4)'-870+2<04))C7, -.)
-870+
4 (
/ /IS T / /
/
S/ T /
/
$ us /
/U U$
: S $T
/
= ‘U / $
TUA /U UsU;uU? /U USU:UA

pri

W () *

wid

pr2 pr3|

4) ()+ .Oh&/ ) QL 2(3 70 ( ®) 62, ,

' | %0’/




13

&
M
) 4 #
+ M )
4 (
4 / # /
&4 /
) 4 #9
) $
C
+
;
55 5
75.) * 4) T4% 7- 759%8@p+
4 #
4 | ( /
4 / #
4 # /
4 #9
23 (' $
X
3 $




E D ?

A->B(stop)

_OA%B(stream-allh B->A(ready)

% () *,

B->A(eof)

B>A(tell)

B->A(errorideny)

4) 62, , ' GIO” 4, 7/ OB+2<08) +Q7, *7..-)<(, T0%)

H M
M H
H E ) H
"M
H
E A
) C

B->Atell)

C A—>B(stream-all) \% C

w () *

B—>A(eof)

O/ 70%) 4, 7/ 06+<2( 0F) +Q)7, *7..-)(2(, T0%)



N -

o<

% ()

broker

' Q%) 2<01) 5(23) (*7.. - )(2(, 70%)

&
M
M
M
H M
$ =
M
) 3 E :/#
Z =U; 1Z /U U3%U;
M / M
$ 7



w()

pri
C71 - )
)
Y Z
Y Z
$

06-.) )AL 2(3@8), 2/ 470 5(23)( ?')(%+

prz2

Y

Z!

Z!

Z!

/U

/

1%

%

pr3

$%

Us

/

:[U_]1

/U Us$U;



)"t &

W& Y )*R* %)

M
Z#
198 @ 7.9%=
M
M
M
)
M
- %
/ $
|
/
M $

&l



pri pr2 pr3 prd prs
'’ () * c, -)1)az(3
M M
E ) M
$ / &
S $ =/ / $= 9% ; = = : [=:9%
&
4 7 1 62 +)
+
6
< <
6 1 +) )= 2
= 6
> +
? ! >
- 7 1 62 >)
6 ? >
+) <) ###
+) >
6 +) >)= +) +) )= <Hit#
= 6 +
4
'93; (1@ 9%0B

>/




0



D
M
() H M
)) &
M H ! %
) )
))
M M
M
M
M
M
: M
M
M
J
))& - 6 7
; 88/
8 M
M 3
) 3
)
3
))) & - 8
; $% Q
3
3

>$






$&



%

" %

* 3

1&

%

%

D9!

8#,% 3

#, %

>>

.D9

M



KO

&>

>7?



% non

3 -

5 M

%

%

AA

%

>A

459

*6D5 4

AA



*)

5 M

Host: ip=192:192:192

18282 getPortOf(peer,)
— "

& () * 42401 QL2-))(+

Host: ip=192:192:192

2,
makeRegu&e )

T
8282 1. getPortOf(peer;)
port;
peer,
ort,
w () * 2 ,'/%08 5)0a)) a2-))(+
E =3 '
M '
' M
- 5M 9
AbstractDaem on
=<interface>>
AbstractServer S RequestListener
handlzRzquestirequesthessage outputStreamy)

o () * 2() 67H)+2( 62, , ' | BIOR

>B



#H#

5 M

&0 * .-

), ) Oh&OL) 54760 ) (3)(

<<interface=>

- RequestListener

lhandleRzquestirzquesthMessage.output Stream)

i

LA

AbstractServer

&0

%

FP2PRegistry

L), ) OR&OY) )&=



Abstract Server }__'

AbstraciPeer

}7 | Abstract Client

interface =
RequestListener

han deRequestirequesthieszage ontpt Streans}

% () *

--J|I|

)48 2<7-))(

|=] )

name /’ T A description
Imple

Peer \@/ SChema\‘ structure

% () * 4)%<R(, 702 4).85=04) 8%)6@R(=+(>%)

?/



*)*?

G" 9

G"9

AbstractServer

<<interface>>
RequestListener

handleRequest(requestMessage outputStream)
A

Directory

\
}

y

= DirectoryRepository

% () * 4)7(64960 () 2<t4) 8%) 62(=+)(>%)

(5

)

E =?

G" 9

G" 9 H



C *
# D *
i EF E *
I 0 10 G ) *
# *
. 4 5
C 6 6
( C 6# "5
6# (
# *
& () M [67- +TOB 2<# , )-+T&+% F>T 258 60
* 1 1
I ( &
0
M
M
3
)
5 M
)
5 M

?$




25

%









3

/

23

09

#!

H4 #

09

09

#!

H4 #

?7?



) - - /=
/=
E 0 -
E
$
H
<
4
) )
&
)
) N 3
) G" 9 )
- G" 9
G"9 G' 9
>/
#'> # # .
G" 9 R
5 G" 9

?A



Realisation

: 2 S AutoMed
AutoMed utoMe:
XML 2L Tree Objects
3 2 1
——
Serialisation

& () * (YL 2<4) (BAOR 7/ 8 8)4) (%A

&
Root
1 f,,-—f"" T 1
ainClasses . 5
MainClasses CollectionSet
U1
* 1
Class = Collection

4 AutoMedObjectNode

e

Field

Reference List

®w(O * 4 '@ )8 ()A0-09/0k& @ )825H60

B



C ' - )
L} T n - 1 " _ |02
'02 M
'02 ! '02
'02
E >3 ) ' 02
G" 9 Zl 2
) 1 " _
I E E&
I E E&
| &
! E E E E&
! E E E E&
' E E E E&
' E E E E&
| &
| &
| E E&
| E'E &
| &
| B E&
| E # E&
| &
| &
& () *# ()-0)H 0B 2<7+64), 7
I # % '
/ >/ E - "
3D




$
$ A6 A6
$ *
F
M - )
|
9
$ A6 A6
0 - 9 0 - }
9 9 i
E
. >3 &
$
# E B # *
# E H B 6# 0 A
0_
6' # J 8 +K *
6. #
- 02
0_
' 021 102
)
' 02 ; 0 -
)
&




6$ ' GH#H#* 6! BHAS
6. # 65 " 6) 6:
! # $ 1 ( 1
110 % ()
) .
G ' IG % G" 9
- H4 # # 7 <
! n # $ 1 1 ( %
= >/ M
H H
& -
- )
)
8
6
( # *
9
# J. 4 K *




18FI9L# %

-H( 6(




>A



& 4
5 $-
4 5 5 4
4 $7
4 4
$-
9 196
n O
+ 1)
0
)
4
E ?l E
0
?
# 2)
"$ "6 J K J K *
' 65 =




$ 6 5 # $ "6 *
$ *
C 69
C *
B () * )?)0R&T74), 742, 7/200)(-))( %2 (07(&0«K7, )12(3
- 4 =
### 7 6 ##H
$ 6 = = $ 6 = *
= # C ' *
= # C ' *
### $ 6 #i##
"% 65 6 # *
e # *
o () * T80T ()? )02 464), 7%2 (O7(&0<7, )12(3
11} % 1 . 1 0
3 ; )
G" 9 HH
) 3 ; G' 9
H G' 9 ) E 2%
)
L} ) - n
)8 7
) ;
' G" 9
) ) H
) 1
G' 9 E )
> W




$L 4 %
$ " & W $ " &%
$ " w $ " %
$ %’ $ %
$ () A $ (# %
1$ "%+ A $ "+ oM
$ w $ % %
$ L 4 %
L$ 4 L.
L $L. w $ $L %
L $ L NIL &O  IFL. &
L $ 1 s 2°
LO L N NLO
LO $ %Wlo O 27§ %
Lo O $ %o ¢ %
L
L
& () * 4, %2, 7.8)46(%0B 2<04) 4=/ (TC2<C4) , )+78) <2(, 70
I 7% &
| & " BIF &
| & +F &
| 4 & <IF 4 &
| 5& - IIF 5 &
| &
| ' & 8 +IF &
I &
| &
| & 8 <8@F &
| & 8 >8F &
| & 8 DYUF &
lF &
I F &
| &
| 8= 68Q#R<I F 8= 6&
| 8 &+RIF 8 &
I F &

A?




I F &
IF 78 &

& () * [)C7, -)2<7 # , )+H78+57982 O4) +=/ O7C

n . 0 ’
1 n + - -
) 1 n 9
1) ) Gll 9 Gll 9
Gll 9 $
Gll 9 )
) ] " -
) )
) M
Peer, Peer,
Application Program Application Program
Application Message Layer Application Message Layer
Abstract Message Layer Abstract Message Layer
XML Layer XML Layer
Y v
NETWORK
B () * 4).79()87(64%60 () 2<01) , ) +H78h&7, )12(3
1" 0 !
] Gll 9 O GII 9
1 n 9
Gll 9 ) -
) =: =




' " E ?2> 2
HitH
$ 4 HH#H
@ H#it#
Hit#
4 Hit#
5 HHH
6. HHHH
@ Hit#
#'> ## I 0 HH#
% () * 'Q%) 2<04) 54760 )+7&)
3 - &
9
|
I 8
& 34 &’ 3
) 4& 34
! 4& 9 $& 34
& 34 - 2
" 9 ( )
G"'9 G" 9 &
) 3
- - 2
(
7 ) ) 8
0 - ( H
)
) E
E 27




2 n -
0 -
+ - HitH*
< # @ *
> # J K *
D O 0 # J K *
R # J K *
S T # J 8= 6K *
u ' 0 ' # J 8 K *
v ! 3 ' # 1 $83: 98A9B *
W '6 # # J ' K, ' *
+Q'6 # # J ! J, *
++ '6 # # J K, T *
+< '6 # # J 0 J, 0 *
P
8 +
1 8<) 8> 8D
Q#R<
0 +R
P
% () * .. H70% 421 62/0/0%()-()H/08
1 n 9

7 L} n 0 -

7 - L} n

7 ' " -
n 2 $ 1 1

E ?A -
)

) E 72 E 7B




- 4y )
) 4 )
5) " 6. )
Hith Hitth
& () * 54760 )HT8) 2+ 6
#J 8= 6K) - Q¥R< *
# 8 K) 5 +R ¥
0 6# 0 " 12 J 8 <K)K 8 >K)K 8 DK *
#J K) *
#0J Ky *
# 0 J KK 8 +K *
- J 7% KK " BKK  +KK  <KK - 1K)
) *
& () M 24Q 60N&7 54760 )+HTE)
%
0 " - 3
A) G" 9
% .
5 G" 9
)
)
G"9 . ?% /
5 Q ) 5 Q
)




5 Q ) 5 Q

+ 1
2

9
. #
4 M
E ?21# E 21/
C * 10 6

& () *" /67-+.700&7()6)%)8, )+T7& Y%7/ 754760, )+78)

& () * 4) 624 6R(2<0) 54760 )+78&) 14)/ ' H8 @)/ 67-+ .70 ()6)%H)8, )+T78&+

9
9
i t I -
: 9 0 -
) 3 &
)y M
) M
8 ) &
8 )




%

?/

3 )
;
) )
$ 4+
@ *
C
& () * 4) --.%08 )+78) /0(J6)
)
E + 0
E 7= E
7% 6
6) $
it “H  ###
® () * 6)7T0N&7 43 .. 70417=25F60
7
)
4
)




- - E
E ?/;
E
4 D - -
4
7 -
' J
)
@ 6 -H Hith
6
C 6 # $ 4 ) # @ *

6# C *

o () *  %BYRON) -- GIOR )+H7&) 2 T/ %62, %h& 5H(TE0 )HTE)

HHt# 6 -H HH#

& () * 4)()+42 .85) 762 Q' 60 B706()70+7 T6®(=2560<2( ) 764 62/ 6)Q 6.7+

2 5 (

~N ~
~—

E ?2/>" () ()




&0 * 4 (2 )78 %O (<6)

Wi
9
6 6% # =
9
6# "9 *
6*
() * 980 ((2( 7/ 8.%8&%7+" 60 ()
1") # ' 3
)
E
M |
2
)
6
HitH
Wi
9 6 6: @ *
wW() * 4 )HE &M=

1"* # %




H M ) '
E ?/B
E ?# 2
" 9
) E M
- 6 :
'93;, 9T 9'.
0 = *
7: 7$
7 "6 J 8 +K) ) Q¥R<) +R *
6
6 = # = 7% *
6 *
9
HitH Hi#
% () *! %& ®H/87()?' )0
9@500 9T 9'.
= #Hit# *
H#itH
7. %
7$ $ 6 = *
7% # T 6 *
HitH
% () *" 4%&04) @®47/8.) 7()?' )40




9 %

+$/

Al



1. handieRequesi(re Message

Handler

3 hand/eRequesf(req)

Handlers

handler: Handler ‘

& () * 4)2>) (7.4 60 () 2<04) , )+H78) 47/ 8.)(
)
M
E
" 7 i "
9 #
7 &
M M
, M Il 5
7 &
|
I
)
?%$
7 $
! ,
"5 7 5 7
IR R% "
5 7 M
7
7 7
M
- 5 4
@ 12 .6 *




&0 * 4 )9%W( 7/8)(%Q(76)

& () * 4) /w@mrR( 7/8.)( %0 (I6)

Peer, Peer,

‘InitiatorHandler

o
Message §
o [+)] Handler 3
~
g g 2, 2
& E 5{""—"’/‘ =
- “a
Application Message Layer Application Message Layer
Abstract Message Layer Abstract Message Layer
XML Layer XML Layer

‘ NETWORK

& () * . +Q70” 2<04) 7(649 60 ()




IR RR%

7%

Hit

Rt

Hit#

w0 * 4 7.8 )&=

| ##




&
)?')H0 ) H7&) )-.= )HI&
-)(2(, 70%)
62/ 0
62/ 0/ 0 2
E :
5 M . E A>
4 -
- 7'
# 3 *
- 3 3 *
Hitt
Hitt 4
* 1PP PP2
4 -
1PP PP2
# C *
# *
### 5 : HitH

/() * ,-.), ) /0% 2<0Y) 62/ 6()0 --.970B )+H78)+

1 #




3 ? E ) E A?
- 6
HitH
HitH
W) * )&H( )H+
9 n [1] & #
7 5 7 E AA 2
(¢ " )
- 5 5
- ' 5 ' 3 ) $
7' 7 7 3 *
6
= # 7 *
# ' *
- -H * 1PP PP2
9
Hit# 7 6 Hit#
- =! 4 5
- @ 12 .6
" @ 12 . 7' #
- 4

I #




7 7 7 =
H 3 *
9
6 4 C 6. 7) *
6 # ) *
® () * ,-.), )0 7/.8)(+
9") . .8 #
E AB
6
#iH
i
9 6 = 4 *
‘() M ,-),)0)%( 7/8)(

| #$







>&

00



[ #>



@)
lastname
s

firstname
O

lastname
O

surname

pry

name lastname

John Johnsen

Michael Jordan

David Strauss
ds,

firsthame | lasthame age
Tohn Tohnson 12
T Smith 8
ds,
& () !1* 04) 0+0/)Q 2(3

1 #?

surname | empld
Hilton 12332
Jordan 32144
Jacobs 54322
ds,




$>%

0

0

| #A



)

| #B






111






%

$ 7# @
M
9 Q
)7 )40 )H7&) )-.= )HI§)
-)(<(, 70%)
62/ QO
62/ 9/ 0 2
" & #
0 &0 !
M
2 & 9

11$




71

5
’ >*
) 7
) *
*
2
1 2
1 2

E &&

K &&

/1




# 4
3 00
4 4
# 4
=5 # 6. *
3 = 3 =5 =
# # *
) )
E M
$7
B
M
M )
M
)?' )10 )H7&) )- = )HI&
-)(2(, 70%)
62/ QD M M

/1=




62/ 0/ 0 M
M M
n & #
0) &
= & (
3 00* #
= * = 6
( 71= 62 )
= 5 * 5
) (
3 # # *
3 3
= # 4= *
= 6 = ) *
- $ *
= 6< T= 6 6
"6 # N .
< 4 P= 69 ' 6 *
<) $
- 1= 62

/1>




M * - 6
) )
$7# @ %
n & 1
M
5M " "
H
) Y
" #
3 00* #
( 7% 1 8 62 4
) () *
3 # # *
3 3

11?




6 $ ) "N X
% 1 8 62 $ &&
) ()
8 68 7 8 8 *
6 # # *
"6 7
8 "N 6 *
) )
$7# @ ;o
) &
M
/
) I )
zZ U | /1U
1) /
)
)?' )0 ) +H7&) )- .= )&
-)(2(, 70%)
62/ Q0
62/ 0/ 0
)" & #
3 00* #
3 *
3 *

ITA




62 3
() *
3 # *
# *
3 3 *
+ *
<
7% +N
- 1 7% &&
()
68 8 8 *
# *
6 7
"6
) )
$7# @ & $
M
M
5 M n 5 n
H

/1B




*ll & #
0 &0 |
M
& (
*
*
3 00* #
3 *
( % 1 2 3 &
5 3 *
) () *
. .
: *
*
*
3 # *
# 3 x
- % 2 &&
) ()
. .
*
8 68 78 8 *
=5 # 6. *
3 =5 *
# # *
3 )

! #




! $7# @
/
M
M M
/
5M
H
)
HiH
/" &
3 00*
( 7% 8 8&;
) ( *
$ #
% %
) (

/1




8 68 8 8
# *
) )
n $ 7 (
1 1
M M
N
1
5 M m 5 "
)
HHH
1" & #
3 00*
3 *
( 4 ' 62 &&:
) () *
3 # *
3 #
3 3
- 1 62 &&




/I'$




R 4 58

4 58 R
), )/ 0 28) S ; 8 B 8
! 5 8 E 8
F ! & 8 He 8
R
& ), )/0 28) SE
K & .), )/0 28) S T
8 & WK
& & ; U U
&; & )@ 28) 9
) & ), )/ 0 28)\.%0\ 9) %RT
) & .),)028)\®, \S T
3D 4 8 &
), )/ 0 28) \25F 6038) <@z \ SA )
9 & 3 6
&: 9 4
9 K . & ), )/ 0 28) X ;
/ ; 8 & 9 K \62/ QO
9 8 & 9 K \H/8)(\
! 5 8 & 9 K \()6) %) (\
8 & 9 K \, &8\
! & 8 & 9 K \% )-.= 2\
/ 8 & \62/ 9/ Q\
A )8 & .), )/0 28) SA ) RT

A)&; & )D 28) 9

A)

& A )8 UA )& W## 6

RT

A)

HT

HH#



' $$
5
H # # # # < #3<$
TH # # # #<# #S #

)
5
REGISTER
name: |new_user | join
sign in
' +

& Register

REGISTER

name: |new_user | join
4l |




& Public Schemas for new_user

Public Schemas for new_user

name | description

herson |describes a person
er_s2 [this schema is notvery interesting
schemainfo || showan || pubishvew || Earor || refresn

& All public schemas

All public schemas

name description

person

|describes a person

ar_s2

this sthema is notvery interesting

person_automed

person automed schema

er_s1

avety interesting schama

| schemaino || cetschema || advertisepatn || refresh

& $

>



& Public Schema er_s2

Public Schema er_s2
nare | address
new_user 19216803
charis [172.2318.235
‘ Pathway H Source Path H query || broker H refresh \

n 1

Operation was successful

Unable to get schema properly r)_(|
@ Schema er_s2 already exists

?



Pathway Schemas from charis

from schema: : person

to schema: |er_s2

| OK || Cancel |

1 %

Query peer peter

Schema: person

Query: [z=person=>|

o] [cancer |

£ 2 [{Charis" 'Lazanitis® 483054 },{ Andreas’
ﬁ ,'Lazanitis’ ,483054 },[Someone' ,'Else’ 4823243
1,{Claudia’ ,'Schiffer' ;234523 3]

o

; ' ( 2(

I A

OF



& # 3 4" % %

7 ) ' ) IR ) RR%
7 )
% # ' %
# # # # # < # 6#; 6
8
&
/ / *
& &
#
6# = )
<# # O # O#H7
H - = -#  # # # 7 RD>< 6;(
6 3
6%
# =# 4
M
. D9 459
E
V>\V>
% 3 + :
6#

/ B




) 3

| $#



" 7.#%

' >B%
I' %

188#; %

188FL# %

18FI9L#; %

13@L#, %

13@B5#, %

13 BB%

13 5" #%

1358L#%%

13.: 7# %

! 8FL# %

' 2 %

o " y
(((

<9 : &

an N

9 8 9
8; 9 $

/| E ) 9
8 F
"8 2 5C
: 9
3 @
5 @ 1 7
# 9%
3 @ @
4 4 0
3
9 " 4
( 13
| 5 8 4& 9
6 3 .
. # 0
9#/3 HHS
3 0 8
4
#0923, #4B
00 9 -
an

18

il



' 0" %

'EE' LB %

'EFOL#; %

'@ L# %

'@ %

'@ 8L# %

17 . #3%

19 #%

19 Gt %

19 #%

19.# %

1" 8#%%

" 8#% %

" 8#%

" 8# %

" #3$%

!ll #$ %

122B %

3 (#$ ((( #$

aN $ NO"N
E 5 E C
/ )
3
3F" B
( E @
& ! 00
) @ 7 ]
/ 4 00
aN @
@
6 2
9 5 B5%"'"
"7 | .
9 3 (
" C9 C
C 9 C
3" 0 H#HH
9 4)
17/ % F H#H
D 9 . 5
9 @ ##
8 5
0 3
8
+2 3
3 < #HS
8
n 8
8 )
I
<|l 8 1
4
7 5 2 E
7 : / BB

/$

2

&9

00



1" BA%

! # %

15 #%

' 9L#$%

L A%

IL." FL# %

V' 7# %

" L#$%

I # %

/$$

" 8
4 (
& () (
5 H#H;
HH 3 . &
3 HH 3
9
1 6 n & - 0
#HS$
5 @ . && C
5 /BAA
5 F
8 3 &' . HH 9
' . @o" " I#
84 ( !
9 . @ 0 H;
] <
2 G 6 @
D .@O0
#HS$
8" - 5 C $
Ht
N N HN G

1

19

$ 2

$



