
!"#$%&'#$"()%*+,-./&0(1
!"#$%%&$#'()%*#+$(

2,+*3(4,3(5&,+'6.7(5.6"0

8+--",'"-"'/",(199:

7773&%*+,-./&03$;<=",6&%3>"?,+0?#.
@(199:(535.6"0

http://www.informatik.hu-berlin.de/rok/ca


(!)1(A(4BC(<(1

!"#$%&"#'(#

D E<F>,"'',"#$%",
A 9<F>,"'',"#$%",

A G<F>,"'',"#$%",

A 1<F>,"'',"#$%",

A H<F>,"'',"#$%",

D F>,"''&",;%I'.,/"%
A J+%(>",(F='+6;/"%(K;,(C6+#0.>,"''&",;%I

D C"&'L&"6"
A 242<GG

A 2+7",2M

A 2"%/&;-



(!)1(A(4BC(<(H

)*+,-#..-#/"0#-

D 4"%(C"*"$6"%(7",>"%(0"&%"(F>,"''"%(N+%(
OL",.%>"%(P=",I"="%
!("'(I&=/(%;,(#10#(*"'/"(F>,"''"
Q6"/K/"(R6"-"%/"(.;*(8/.#0S

D C"0.%%/(.6'(8/.#0-.#$&%"(QK3C3(T2<H999S

,$-$./ 0122$(+*#345#)$6(&%738393!33:3,3;3<3:3<=

!"#$%&
!"#$%'
(")*+!),
!"#$%-
."!
(")*+!),
&..
!/!%0

>#*(%-$#&$#+3!3*'-3"$(3?+*@$/
>#*(%-$#&$#+3,3*'-3"$(3?+*@$/
A1/+3!B3,3C123?+*@$/3'("3$#%$+D+3%&$3"'#E.3!3:3,
>#*(%-$#&$#+3<3*'-3"$(3?+*@$/
F$#"1@@$/+3/$+D+$%35/$2$(+33*'-3"$23?+*@$/
A1/+3<B3<3C123?+*@$/3'("3$#%$+D+3%&$3"'#E.3<3:3<
A1/+3<:<B3!:,3C123?+*@$/B3$#%$+D+3%&$3"'#E.3?'22$
>#*(%-$#&$#+35#)$6(&%3C123?+*@$/3(*E.38



(!)1(A(4BC(<(U

2*+,-#..-#/"0#-

D R'(I&=/(%;,("&%(4./"%<V"I&'/",W(
4",(F00;-;6./+,

D C"*"$6"(="0+--"%(%;,(-.X&-.6("&%"(F>,"''"(
P=",I"="%Y(>",(13(OL",.%>(="*&%>"/('&#$(&-(
F00;-;6./+,

D 4.'(R,I"=%&'(7&,>(.;#$(>+,/$&%(I"'L"&#$",/

,$-$./ 0122$(+*#345#)$6(&%738393!3:3,3;3<3:3<=

)/&.%&
(")*+!),%'
#*/12%*
)/&.%-
(")*+!),%-
&..%*
#*/12%0

>#*(%-$#&$#+3!3&(3"$(3!GG'2'/*+1#3!<
!< !<3:3,
>#*(%-$#&$#+3!<3D'#3?@$&E.$#%+$//$3>
>#*(%-$#&$#+3<3&(3"$(3!GG'2'/*+1#3!<
!< !<3:3<
!< !<3;3>
>#*(%-$#&$#+35#)$6(&%3D'#3?@$&E.$#%+$//$38



(!)1(A(4BC(<(Z

3*+,-#..-#/"0#-

D C"*"$6("%/$[6/(1(F>,"''"%

D 13(F>,"''"(&'/(-"&'/(.;#$(\&"6.>,"''"
QR,I"=%&'(K;,P#0'#$,"&="%S

D ].%K(N",=,"&/"/

,$-$./ 0122$(+*#

(/32%&4%15
(")*+!),%%'4%15
(/32%-4%16
(")*+!),%-4%16
&..%%154%16

HI !
HI HI3:3,
HJ <
HJ HJ3:3<
HJ3 HI3;3HJ

(/32%164%0 8 HJ



(!)1(A(4BC(<(^

4*+,-#..-#/"0#-

D C"*"$6("%/$[6/(H(F>,"''"%(-"&'/(>",(_+,-W
`;"66"GY(`;"66"1Y(\&"6

D ",-aI6&#$/('"$,(0;,K"(2,+I,.--"

,$-$./ 0122$(+*#

(")*+!),%%&4%'4*

(")*+!),%%-4%-4%0

&..%%04%*4%0

> !3:3,

8 <3:3<

8 83;3>



(!)1(A(4BC(<(:

!-%,#566.

H^:bC"*"$6"(&-(
C"&'L&"6

((b(((b((((b(((b((b((((((G1(((((G1b(C&/(((((((1U(C&/H1(C&/F;*/"&6;%I(N+%(
H1(C&/

]",&%Ic+,-.6T+#$8"$,($+#$J",.,="&/;%I'<
I"'#$7&%>&I<
0"&/?(C"*"$6

H1G9F>,"''"%

8"$,(
7"%&I"

d"%&I"J&"6"8"$,(N&"6"C"*"$6'.%K.$6

J",'#$&">"%"(F>,"''-.'#$&%"%

OLM+>"?(4./"% O F>,"''" O FG F1 O FG F1 FH



(!)1(A(4BC(<(b

+778#$#10#
+,-#..1#-'08.$#("5,#0

D F='+6;/"(Q4&,"0/"S(F>,"''&",;%I(
4&"(F>,"''"(>"'(OL",.%>"%(&'/("XL6&K&/(.6'(!"&6(>"'(C"*"$6"'(

.%I"I"="%3

D )-L6&K&/"(F>,"''&",;%I(Q&-L6&">S
4&"(F>,"''"(",I&=/('&#$(.;'(>"-(C"*"$6(QK3(C3(7&,>(&%("&%"-(

R&%.>,"'',"#$%",(>",(F00;-;6./+,(.6'(F>,"''"(>"'(K7"&/"%(

OL",.%>"%(.%I"'"$"%S3(

D e%-&//"6=.,"(F>,"''&",;%I(Q&--">&./"S(
4",(OL",.%>(7&,>("XL6&K&/(&-(C"*"$6(.%I"I"="%3(R'(&'/(0"&%(

8L"&#$",K;I,&**(",*+,>",6&#$3(4",(OL",.%>(0.%%(.;#$(>&,"0/(

%.#$(>"-(C"*"$6('/"$"%3



(!)1(A(4BC(<(f

+778#$#10#
+,-#..1#-'08.$#("5,#0&93:

D )%>&,"0/"(F>,"''&",;%I(Q&%>&,"#/S
4&"("**"0/&N"(F>,"''"(>"'(OL",.%>"%('/"$/(&%(>"-(V"I&'/",(

+>",(T.;L/'L"&#$",L6./KY(>"''"%(F>,"''"(&-(C"*"$6(

.%I"I"="%(&'/3(4&"'(0.%%(&%(-"$,","%(8/;*"%(",*+6I"%3

D )%>&K&",/"(F>,"''&",;%I(Q&%>"X">S
4&"("**"0/&N"(F>,"''"(QRFS(>"'(OL",.%>"%(7&,>(.;'(>",(

F>>&/&+%(>"'(d",/"'("&%"'()%>"X,"I&'/",(QES(;%>(>",(
>&,"0/"%(

F>,"''"(Q4FS(=","#$%"/3

RF((g((E(h(4F

D C.'&'(F>,"''&",;%I(Q=.'"S
4&"("**"0/&N"(F>,"''"(>"'(OL",.%>"%(7&,>(=","#$%"/(>;,#$(

>&"(F>>&/&+%(>"'(d",/"'("&%"'(C.'&',"I&'/",'(;%>(>",

>&,"0/"%(F>,"''"3

RF((g((C(h(4F



(!)1(A(4BC(<(G9

+778#$#10#
+,-#..1#-'08.$#("5,#0&94:

D V"6./&N"(F>,"''&",;%I(Q'"6*<,"6./&N"Y(,"6./&N"S

4&"("**"0/&N"(F>,"''"(&'/(>&"(8;--"(>",(>&,"0/"%(F>,"''"(

;%>(>"'()%$.6/'(>"'(C"*"$6'K[$6",'(Q2MS3

RF((g((4F(h(2M

D 8"I-"%/&",/"(F>,"''&",;%I(Q.;I-"%/">S

4&"("**"0/&N"(F>,"''"(",I&=/('&#$(.;'(>"-(\;'.--"%*PI"%(

>"'()%$.6/'(>"'(8"I-"%/<F>,"'',"I&'/",'(Q8FVS(;%>(>",(

>&,"0/"%(F>,"''"3

RF((g((8FV((ii((4F

QK3C3(8FV('L"K&*&K&",/(>.="&("&%"(8L"&#$",'"&/"(;%>(4F(&'/(
"&%"(F>,"''"(&%%",$.6=(>&"'",('L"K&"66"%(8"&/"3S



(!)1(A(4BC(<(GG

+778#$#10#
+,-#..1#-'08.$#("5,#0&9;:

D C6+#0(F>,"''&",;%I(

4&"(F>,"''"(>"'(",'/"%(d+,/"'(&-(C6+#0(&'/(

I"I"="%3(

4&"(F%K.$6(>",(da,/",(7&,>(I"7a$%6&#$(>;,#$W

A (>"%(C"*"$6(="'/&--/(+>",

A ("'(0.%%(.;#$(>&"(6"/K/"(F>,"''"(.%I"I"="%(
7",>"%(+>",

A ("&%(="'+%>","'("%><+*<=6+#0(\"&#$"%(+>",

A (C6a#0"(0a%%"%("&%"(*"'/"(j[%I"($.="%

8"$,(%P/K6&#$(="&(>",(J",7.6/;%I(>"'(

8"0;%>[,'L"&#$",'3



(!)1(A(4BC(<(G1

+,-#..1#-'08&%$&<#1.=1#7
,#-&>?>*22



(!)1(A(4BC(<(GH

>?>*22@
+,-#..1#-'08.%-(#0

999 9 V"I&'/", V% RF(g(V%Q>3$3Y

OL",.%>(g(kV%lS

9G9 1 F;/+&%#,"-"%/ QV%Sh RF(g(kV%l

R,$a$"(V%
G99 U F;/+>"#,"-"%/ <(QV%S J",,&%I","(V%

RF(g(kV%l

GG9 ^ )%>"X EQV%S T+6"( Em
R,$a$"(2M
RF(g(E(h(kV%l

99G G V"I&'/",
)%>&,"#/

n(V% RF(g(kV%l

9GG H F;/+&%#,"-"%/
)%>&,"#/

nQV%Sh RF(g(kkV%ll

R,$a$"(V%

RF (g(R**"0/&N"(F>,"''"
k\l (g()%$.6/(N+%(\(
kk\ll (g()%$.6/(>",(8L"&#$",K"66"Y(.;*(>&"(\(K"&I/3

,K L$D&2*/ M*2$ ?N(+*O ,$"$'+'(),P,Q

O2<M+>" 5+>;' V%



(!)1(A(4BC(<(GU

>?>*22@
+,-#..1#-'08.%-(#0

,K L$D&2*/ M*2$ ?N(+*O ,$"$'+'(),P,Q

G9G Z F;/+>"#,"-"%/
)%>&,"#/

n<QV%S J",,&%I","(V%m
RF(g(kkV%ll

GGG : )%>"X()%>&,"#/ nEQV%S T+6"(Em
R,$a$"(2M
RF(g(kEhkV%ll



(!)1(A(4BC(<(GZ

>?>*22@+,-#..1#-'08.%-(#0&&
A#00&B0&C&>D

,K L$D&2*/ M*2$ ?N(+*O ,$"$'+'(),P,Q

9G9 1 )--">&./"
QF;/+&%0,"-"%/S

oc

9GG H F='+6;/"(
QF;/+&%0,"-"%/()%>&,"0/S

noF

GG9 ^ V"6./&N"
Q)%>"XS

F

GGG : V"6./&N"()%>&,"0/
Q)%>"X()%>&,"0/S

nF

RF(g(2Mm(Q>3$3Y(OL",.%>(
*+6I/(>"-(C"*"$6S

RF(g(k2Mlm(Q>3$3Y(>&"(RF(>"'(
OL",.%>"%(*+6I/(>"-(C"*"$6S

T+6"(Em()%0,"-"%/&","(2Mm(RF(g(
E(h(k2Mlm(Q>3$3(RF(&'/(2M(h(
O**'"/(Em(E('/"$/(>&,"0/(%.#$(
>"-(C"*"$6S

T+6"(Em()%0,"-"%/&","(2Mm(RF(g(
kE(h(k2Mllm(Q>3$3(RF(&'/()%$.6/(
>"'(k2Ml(h(Em(E('/"$/($&%/",(
>"-(C"*"$6S



(!)1(A(4BC(<(G^

+,-#..1#-'08&%$&<#1.=1#7
,#.&>5A#->D.



(!)1(A(4BC(<(G:

>5A#->D@
&+,-#..1#-'08.$#("5,#0

D F='+6;/

4&"(\&"6.>,"''"(&'/(&-(C"*"$6(.%I"I"="%3

D V"I&'/",(4&,"0/

4&"(OL",.%>"%(="*&%>"%('&#$(&%(>"%(.%I"I"="%"%(V"I&'/",%3

D V"6./&N

4",(F='/.%>(K7&'#$"%(>"%(8L,;%I="*"$6"%(;%>(>",(

\&"6.>,"''"(&'/(&%(>"-(C"*"$6("%/$.6/"%3

D V"I&'/",&%>&,"0/

4&"(\&"6.>,"''"(&'/(>",()%$.6/(>"'(j&%0(V"I&'/",'(QjVS(+>",(

>"'(M+;%/(V"I&'/",'(QM!VS3(4.*P,(I&=/("'(>&"(C"*"$6"(=##/,W(

=,.%#$(#+%>3(/+(#+;%/(,"I&'/",(;%>(=#6,W(=,.%#$(#+%>3(/+(6&%0(

V"I&'/",3



(!)1(A(4BC(<(Gb

>5A#->D@
+,-#..1#-'08.$#("5,#0&93:

D )%>"X.>,"''&",/",(5+>;'
Q)--">&./"()%>"X(F>>,"''&%I(5+>"S
4&"("**"0/&N"(F>,"''"(>"'(OL",.%>"%(&'/(>&"(8;--"(>",

)%$.6/"(>"'(V"I&'/",'(="%.%%/(&%(>"-(C"*"$6(;%>("&%"-(

N+,K"&#$"%="$.*/"/"%(G^(=&/(O**'"/Y(7"6#$",(.;#$(&%(>"-(

C"*"$6("%/$.6/"%(&'/3(4&"("**"0/&N"(F>,"''"(7&,>(

*+6I"%>",-.p"%(=","#$%"/W(RF(g(E(h(kVq;"66"l3(d+="&(

Vq;"66"("&%"'(>",(F66K7"#0,"I&'/",(V9(=&'(VHG(&'/3

D V"I&'/",&%>&K&",/",(F>,"''&",;%I'-+>;'
QV"I&'/",()%>"X(F>>,"''&%I(5+>"S
4&"("**"0/&N"(F>,"''"(>"'(OL",.%>"%(&'/(>&"(8;--"(>",(

)%$.6/"(>",(K7"&(F66K7"#0(V"I&'/",Y(>&"(&%(>"-(C"*"$6(

.;*I"*P$,/('&%>3(4&"("**"0/&N"(F>,"''"(7&,>(*+6I"%>",-.p"%(

=","#$%"/W(RF(g(kV&l(h(kVrl3(



(!)1(A(4BC(<(Gf

E5-$%(#&,#.&>#0(1'$.



(!)1(A(4BC(<(19

>#0(1'$@
+,-#..1#-'08.%-(#0

G3 4&,"0/<0+>&",/"(OL",.%>"%W
OL",.%>(7&,>(-&/(C"*"$6(P=",I"="%

13 R?F<2+,/(F>,"''&",;%IW
2+,/.>,"''"(7&,>(P=",I"="%Y(N+%(>",(>",(
OL",.%>(K;($+6"%(&'/

H3 V"I&'/",<OL",.%>"%W
c;--",(>"'(V"I&'/",'(7&,>(P=",I"="%Y(&%(
>",('&#$(>",(OL",.%>(="*&%>"/

U3 8L"&#$",<OL",.%>"%W
8L"&#$",<F>,"''"(7&,>(P=",I"="%Y(N+%(7+(
>",(OL",.%>(K;($+6"%(&'/



(!)1(A(4BC(<(1G

E-%8#0F


