
9RUOHVXQJ :LQWHUVHPHVWHU ���������

7HFKQLVFKH 8QLYHUVLWlW 0�QFKHQ

,QVWLWXW I�U ,QIRUPDWLN

/HKUVWXKO YRQ�3URI��'U��0DQIUHG�%UR\

'U��.ODXV�%HUJQHU��3URI��'U��0DQIUHG�%UR\�

'U��$QGUHDV�5DXVFK��'U��0DUF�6LKOLQJ

6RIWZDUHDUFKLWHNWXU�YHUWHLOWHU�6\VWHPH

���*UXQGODJHQ�GHU�6RIWZDUHDUFKLWHNWXU
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,QKDOW

� 0RWLYDWLRQ�XQG�'DUVWHOOXQJVZHLVH

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��,QVWDQ]HQ
� *UXQGNRQ]HSWH�XQG�6WUXNWXUHQ

� =HLW��6WUXNWXUlQGHUXQJHQ�XQG�0RELOLWlW

� .RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ

� 9HUKDOWHQ�YRQ�6\VWHPHQ�XQG�,QVWDQ]HQ

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��%HVFKUHLEXQJHQ

� =XVDPPHQIDVVXQJ
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,QKDOW

� 0RWLYDWLRQ�XQG�'DUVWHOOXQJVZHLVH

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��,QVWDQ]HQ
� *UXQGNRQ]HSWH�XQG�6WUXNWXUHQ

� =HLW��6WUXNWXUlQGHUXQJHQ�XQG�0RELOLWlW

� .RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ

� 9HUKDOWHQ�YRQ�6\VWHPHQ�XQG�,QVWDQ]HQ

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��%HVFKUHLEXQJHQ

� =XVDPPHQIDVVXQJ
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(LQIOXVVJHELHWH

8QWHUVFKLHGOLFKH�
$QZHQGXQJVJHELHWH

n 7HOHNRPPXQLNDWLRQ��
H&RPPHUFH��
(QJLQHHULQJ����

8QWHUVFKLHGOLFKH
$UWHQ�YRQ�6\VWHPHQ

n ,QIRUPDWLRQVV\VWHPH��
HLQJHEHWWHWH�6\VWHPH��
PRELOH�6\VWHPH�����

8QWHUVFKLHGOLFKH�7HFKQLNHQ�
XQG�.RPSRQHQWHQ

n &2%2/��-DYD��'27�1(7��
2'%06��;0/��+70/�����

8QWHUVFKLHGOLFKH�0HWKRGHQ�
XQG�:HUN]HXJH

n 22$�22'��583��80/��
&$6(�:HUN]HXJH��,'(V��
.0�:HUN]HXJH�����

8QWHUVFKLHGOLFKH�
3URJUDPPLHUSDUDGLJPHQ

n 2EMHNWRULHQWLHUW��
3UR]HGXUDO��'HNODUDWLY�����

$UFKLWHNWXU
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3UREOHPDWLN�EHL�GHU�'DUVWHOOXQJ

� 6:�$UFKLWHNWXU�LVW�HLQ�UHODWLY�QHXHV�*HELHW
� (UVW�VHLW�UHODWLY�NXU]HU�=HLW�DOV�HLJHQH�'LV]LSOLQ�HUNDQQW
� *UXQGODJHQ�QRFK�ZHQLJ�ZLVVHQVFKDIWOLFK�DXIJHDUEHLWHW

� %HJULIIH�VLQG�QRFK�VWDUN�LP�)OXVV
� 2IW�JLEW�HV�QRFK�NHLQH�$EVWUDNWLRQHQ
� .RQ]HSWH�VWDPPHQ�PHLVW�DXV�NRQNUHWHQ�6\VWHPHQ
� %HJULIIH�LQ�XQWHUVFKLHGOLFKHQ�$QVlW]HQ�XQWHUVFKLHGOLFK�JHQXW]W
� 8QWHUVFKLHGH�ZHUGHQ�EHWRQW��'27�1(7�YHUVXV -DYD�

� 'DUVWHOOXQJ�HUIROJW�PHLVW�DQKDQG�YRQ�%HLVSLHOHQ
� ,UUHOHYDQWH�WHFKQLVFKH�'HWDLOV�HUVFKZHUHQ�9HUVWlQGQLV
� hEHUWUDJXQJ�DXI�DQGHUH�6\VWHPH�VFKZLHULJ
� 'DUVWHOOXQJ�NRVWHW�YLHO�=HLW
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'DUVWHOOXQJVZHLVH�LQ�GHU�9RUOHVXQJ

� 'HILQLWLRQ�HLQHV�DEVWUDNWHQ�6\VWHPPRGHOOV�DOV�%DVLV
� :HJODVVHQ�GHU�WHFKQLVFKHQ�'HWDLOV

� 'HILQLWLRQ�DOOJHPHLQJ�OWLJHU�%HJULIIH�XQG�LKUHU�=XVDPPHQKlQJH

� *HHLJQHW�I�U�VlPWOLFKH�$QZHQGXQJVJHELHWH��$UWHQ�YRQ�
6\VWHPHQ��3URJUDPPLHUSDUDGLJPD��HWF�

� %LOGXQJ�]XVlW]OLFKHU�%HJULIIV�(EHQHQ
� (LQI�KUXQJ�]XVlW]OLFKHU�.RQ]HSWH�DXI�%DVLV�GHV�6\VWHPPRGHOOV

� $QJHSDVVW�DQ�VSH]LHOOH�$QZHQGXQJVJHELHWH��$UWHQ�YRQ�
6\VWHPHQ��3URJUDPPLHUSDUDGLJPD��HWF�

� 9HUDQVFKDXOLFKXQJ�MHZHLOV�DQKDQG�NRQNUHWHU�%HLVSLHOH
� $QZHQGXQJ�GHU�%HJULIIH

� $XI]HLJHQ�GHU�WHFKQLVFKHQ�8PVHW]XQJ
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:DV�LVW�HLQ�6\VWHPPRGHOO"

� 'HILQLHUW�*UXQGNRQ]HSWH�XQG�LKUH�=XVDPPHQKlQJH
� .RQ]HQWUDWLRQ�DXI�UHOHYDQWH�6WUXNWXUHQ�XQG�.RQ]HSWH

� *LEW�HLQH�EHVWLPPWH�6LFKWZHLVH�DXI�HLQ�6\VWHP�YRU

� $EVWUDKLHUW�YRQ�XQZLFKWLJHQ�'HWDLOV
� 7HFKQLVFKH�'HWDLOV�HLQHV�EHVWLPPWHQ�6\VWHPV

� 6\QWDNWLVFKH�'HWDLOV�HLQHU�EHVWLPPWHQ�%HVFKUHLEXQJ

� 9HUZHQGHW�PDWKHPDWLVFKH�'HILQLWLRQHQ
� (LQGHXWLJH�XQG�XQPLVVYHUVWlQGOLFKH�'DUVWHOOXQJ

� (IIL]LHQWH��VHKU�NRPSDNWH�'DUVWHOOXQJ

� (LQIDFK�YHUVWlQGOLFK�J

� 9HUDQVFKDXOLFKXQJ�GXUFK�%LOGHU�XQG�'LDJUDPPH
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,QVWDQ]HQ�XQG�%HVFKUHLEXQJHQ

� $UFKLWHNWHQ�EHQ|WLJHQ
� 9HUVWlQGQLV�GHU�6\VWHPVWUXNWXUHQ�XQG��$EOlXIH�]XU�/DXI]HLW
� )lKLJNHLW��GLHVH�6\VWHPH�DXI�XQWHUVFKLHGOLFKH�$UW�XQG�:HLVH�

]X�EHVFKUHLEHQ

� 6\VWHPPRGHOO�HQWKlOW�]ZHL�*UXQGNRQ]HSWH
� ,QVWDQ]HQ�UHSUlVHQWLHUHQ�/DXI]HLWVLFKW
� %HVFKUHLEXQJHQ�UHSUlVHQWLHUHQ�(QWZLFNOXQJVVLFKW

%HVFKUHLEXQJHQ

,QVWDQ]HQ

EHVFKUHLEHQ

0DWKHPDWLN
��%LOGHU
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,QKDOW

� 0RWLYDWLRQ�XQG�'DUVWHOOXQJVZHLVH

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��,QVWDQ]HQ
� *UXQGNRQ]HSWH�XQG�6WUXNWXUHQ

� =HLW��6WUXNWXUlQGHUXQJHQ�XQG�0RELOLWlW

� .RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ

� 9HUKDOWHQ�YRQ�6\VWHPHQ�XQG�,QVWDQ]HQ

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��%HVFKUHLEXQJHQ

� =XVDPPHQIDVVXQJ
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.RPSRQHQWHQLQVWDQ]HQ

� $UFKLWHNWXU�EHVFKlIWLJW�VLFK�PLW�6\VWHPHQ�DXV�
%HVWDQGWHLOHQ�

� 'LH�%HVWDQGWHLOH�QHQQHQ�ZLU�.RPSRQHQWHQ�

� 'HILQLWLRQHQ�
� COMPONENT ��XQHQGOLFKH�0HQJH�DOOHU�QXU�P|JOLFKHQ�

.RPSRQHQWHQLQVWDQ]HQ

� %HLVSLHO�
� a, b ∈ COMPONENT

D
E
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.RPSRQHQWHQKLHUDUFKLH

� .RPSRQHQWHQ�N|QQHQ�KLHUDUFKLVFK�LQ�DQGHUH�
.RPSRQHQWHQ�]HUOHJW E]Z��DXV�DQGHUHQ�
.RPSRQHQWHQ�]XVDPPHQJHVHW]W�ZHUGHQ�

� 'HILQLWLRQ�
� parent : COMPONENT → COMPONENT

3DUWLHOOH�$EELOGXQJ��RUGQHW�HLQHU�.RPSRQHQWH�LKUH�
XPVFKOLH�HQGH�(OWHUQ�.RPSRQHQWH�]X��.RPSRQHQWHQ�DXI�
REHUVWHU�(EHQH�P�VVHQ�NHLQH�(OWHUQ�.RPSRQHQWH�KDEHQ�

� .RQVLVWHQ]EHGLQJXQJ�
� parent ist azyklisch

� %HLVSLHO�
� parent(c) = parent(d) = a
� parent(a) nicht definiert

FD
G
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9HUELQGXQJHQ�XQG�6FKQLWWVWHOOHQ

� .RPSRQHQWHQLQVWDQ]HQ�EHVLW]HQ�6FKQLWWVWHOOHQLQVWDQ]HQ�

� 6FKQLWWVWHOOHQLQVWDQ]HQ�VLQG�XQWHUHLQDQGHU�YHUEXQGHQ�

� 'HILQLWLRQHQ�
� INTERFACE ��0HQJH�DOOHU�6FKQLWWVWHOOHQLQVWDQ]HQ

� assigned : INTERFACE → COMPONENT
7RWDOH�$EELOGXQJ��RUGQHW�MHGHU�6FKQLWWVWHOOH�GLH�.RPSRQHQWH�]X��
GHU�VLH�]XJHRUGQHW�LVW��)UHLH�6FKQLWWVWHOOHQ�VLQG�QLFKW�HUODXEW�

� connects : CONNECTION → INTERFACE × INTERFACE
7RWDOH�$EELOGXQJ��JLEW�I�U�MHGH�9HUELQGXQJ�DQ��ZHOFKH�
6FKQLWWVWHOOHQ�VLH�YHUELQGHW��(LQH�6FKQLWWVWHOOH�NDQQ�YLHOH�
9HUELQGXQJHQ�KDEHQ�

D E

L��

L NF
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6\VWHPH�DOV�6WUXNWXUHQ

� .RPSRQHQWHQ��6FKQLWWVWHOOHQ�XQG�9HUELQGXQJHQ�JHEHQ�
GLH�6WUXNWXU�HLQHV�6\VWHPV�YRU�

� 'LH�6WUXNWXU�LVW�HLQHU�GHU�ZLFKWLJVWHQ�$VSHNWH�EHL�GHU�
%HWUDFKWXQJ�GHU�$UFKLWHNWXU�HLQHV�6\VWHPV�

� 'HILQLWLRQHQ�
� INSTANCE = COMPONENT ∪ INTERFACE ∪ CONNECTION

0HQJH�DOOHU�P|JOLFKHQ�,QVWDQ]HQ

� alive : INSTANCE → Boolean
7RWDOH�$EELOGXQJ��JLEW�DQ��RE�HLQH�,QVWDQ]�I�U�GLH�
6\VWHPVWUXNWXU�GHV�EHWUDFKWHWHQ�6\VWHPV�UHOHYDQW�LVW�

� STRUCTURE = alive × assigned × parent × connects
0HQJH�DOOHU�P|JOLFKHQ�6\VWHPVWUXNWXUHQ�
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6\VWHPVWUXNWXU�� %HLVSLHO

� a,b,c,d ∈ COMPONENT; i,j,k,l,m ∈ INTERFACE

� v,w,x ∈ CONNECTION

� ∀α ∈ INSTANCE : alive(α) ⇔ α ∈ {a,b,c,d,i,j,k,l,m,v,w,x}

� parent(c) = parent(d) = a

� assigned(i) = assigned(l) = a; assigned(m) = b

� assigned(j) = c; assigned(k) = d

� connects(v) = (i,j); connects(w) = (j,k); connects(x) = (l,m)

F
D

G

E

LM

N

O P
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6FKQLWWVWHOOHQ�XQG�,PSOHPHQWLHUXQJ

� 'LH�+LHUDUFKLH�XQG�GLH�6FKQLWWVWHOOHQ�HUODXEHQ�HV��LQQHUH�
6WUXNWXUHQ�DXV]XEOHQGHQ��*HKHLPQLVSULQ]LS��

� 9HUELQGXQJHQ�G�UIHQ�GD]X�NHLQH�.RPSRQHQWHQJUHQ]HQ�
NUHX]HQ
� connects(v) = (i,j) ∧ assigned(i) = c ∧ assigned(j) = d ⇒

c = d ∨ parent(c) = d ∨ parent(d) = c ∨ parent(c) = parent(d)

F
D LM

EODFN ER[

D
O

O

ZKLWH ER[

F
D G
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$UFKLWHNWXUSULQ]LSLHQ�]XU�.RPSOH[LWlWVUHGX]LHUXQJ

� *HKHLPQLVSULQ]LS��,QWHUQH�6WUXNWXUHQ�XQG�$EOlXIH�
ZHUGHQ�YRU�GHU�$X�HQZHOW�YHUVWHFNW�XQG�VLQG�QXU��EHU�
6FKQLWWVWHOOHQ�]XJUHLIEDU�
� ,QWHUQH�6WUXNWXUHQ�VLQG�I�U�GDV�9HUVWlQGQLV�GHV�=XVDPPHQVSLHOV�

GHU�.RPSRQHQWH�PLW�DQGHUHQ�.RPSRQHQWHQ�QLFKW�UHOHYDQW�

� ,QWHUQH�6WUXNWXUHQ�XQG�$EOlXIH�N|QQHQ�JHlQGHUW�ZHUGHQ��RKQH�
GDVV�VLFK�GDV�9HUKDOWHQ�GHU�.RPSRQHQWH�QDFK�DX�HQ�lQGHUW�

� /RVH�.RSSOXQJ�± VWDUNH�%LQGXQJ��(LQH�.RPSRQHQWH�
VROOWH�P|JOLFKVW�YLHO�.RPSOH[LWlW�NDSVHOQ��LQGHP�VLH
� HLQHQ�VWDUNHQ�LQQHUHQ�=XVDPPHQKDQJ�KDW�XQG

� P|JOLFKVW�ZHQLJH��VFKPDOH�6FKQLWWVWHOOHQ�QDFK�DX�HQ�
EHUHLWVWHOOW�
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,QKDOW

� 0RWLYDWLRQ�XQG�'DUVWHOOXQJVZHLVH

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��,QVWDQ]HQ
� *UXQGNRQ]HSWH�XQG�6WUXNWXUHQ

� =HLW��6WUXNWXUlQGHUXQJHQ�XQG�0RELOLWlW

� .RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ

� 9HUKDOWHQ�YRQ�6\VWHPHQ�XQG�,QVWDQ]HQ

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��%HVFKUHLEXQJHQ

� =XVDPPHQIDVVXQJ
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=HLW�XQG�6WUXNWXUlQGHUXQJHQ

� %LV�MHW]W�NRQQWHQ�ZLU�QXU�VWDWLVFKH�6\VWHPVWUXNWXUHQ�
EHVFKUHLEHQ�

� 'LH�6WUXNWXU�YLHOHU�6\VWHPH�LVW�DEHU�G\QDPLVFK�
� .RPSRQHQWHQ�XQG�6FKQLWWVWHOOHQ�NRPPHQ�KLQ]X�RGHU�IDOOHQ�ZHJ

� 9HUELQGXQJHQ�ZHUGHQ�JH]RJHQ�RGHU�JHO|VFKW

� 6\VWHPVWUXNWXUHQ�lQGHUQ�VLFK

� 'LH�6WUXNWXUlQGHUXQJHQ�N|QQHQ�GDEHL�XQWHUVFKLHGOLFKH�
8UVDFKHQ�KDEHQ�
� 'DV�6\VWHP�VHOEVW�NDQQ�VHLQH�6WUXNWXU�SURJUDPPJHVWHXHUW�

YHUlQGHUQ�

� ,QVWDQ]HQ�GHV�6\VWHPV�N|QQHQ�DXVIDOOHQ�XQG�VR�GLH�6WUXNWXU�
YHUlQGHUQ�
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=HLWVWU|PH

� %HLVSLHO�*HODJH�
� Runde = {Bier, Wein, Nix}

� Gelage = RundeT ��0HQJH�DOOHU�
P|JOLFKHQ�*HODJH��HQWKlOW�
EHLVSLHOVZHLVH�GLH�$EOlXIH

� g1 ∈ Gelage           g2 ∈ Gelage

� g11 = Nix               g21 = Bier 

� :LU�EHWUDFKWHQ�=HLWVWU|PH�
DOV�6HTXHQ]HQ�YRQ�
HLQ]HOQHQ�=HLWVFKULWWHQ�XQG�
GHILQLHUHQ�

� T = {t0, t1, t2, t3, ...} � 0HQJH�
DOOHU�EHWUDFKWHWHQ�=HLWSXQNWH

� XT = T → X ��=HLWVWURP�GHU�
(OHPHQWH�DXV�X

� xt ��GDV�(OHPHQW�DXV�X��GDV�LQ�
XT GHP�=HLWSXQNW�t 
]XJHRUGQHW�LVW

������

Nixt3

Nixt2

Nixt1

Nixt0

������

Biert3

Weint2

Biert1

Weint0
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0RGHOOLHUXQJ�GHU�6WUXNWXUlQGHUXQJHQ�

� 'HILQLWLRQHQ�
� STRUCTURET = aliveT × assignedT × parentT × connectsT

� (LQ�(OHPHQW�DXV�STRUCTURET EHVFKUHLEW�HLQHQ�
P|JOLFKHQ�6\VWHPDEODXI�DXV�6WUXNWXUVLFKW�

� %HLVSLHO�

� 'DV�6WUXNWXUYHUKDOWHQ�HLQHV�6\VWHPV�LVW�GDUVWHOOEDU�DOV�
GLH�0HQJH�DOO�VHLQHU�P|JOLFKHQ�6\VWHPDEOlXIH�
� systembehavior ∈ ℘(STRUCTURET)

t2t1t0

D� D� D� D� D�
D�
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=HLWPRGHOO�XQG�.RQVLVWHQ]EHGLQJXQJHQ

� =HLW�KDW�LQ�GHP�0RGHOO�IROJHQGH�(LJHQVFKDIWHQ
� (V�JLEW�HLQH�JOREDOH�=HLW��GLH��EHUDOO�JOHLFK�VFKQHOO�OlXIW�
� (V�JLEW�HLQH�NOHLQVWH��DWRPDUH�=HLWHLQKHLW�
� $QQDKPH�GDEHL��:lKOHQ�ZLU�GLH�=HLWHLQKHLW�NOHLQ�JHQXJ��GDQQ�

N|QQHQ�ZLU�DOOHV�PLWEHNRPPHQ��DQDORJ�ZLH�EHLP�6DPSOLQJ YRQ�
7RQIUHTXHQ]HQ��

� 1LFKW�VlPWOLFKH�P|JOLFKHQ�$EOlXIH�VLQG�HUODXEW��(LQH�
9LHO]DKO�YRQ�.RQVLVWHQ]EHGLQJXQJHQ�UHJHOW��ZHOFKH�
$EOlXIH�]XOlVVLJ�VLQG�
� 7RWH�NHKUHQ�QLFKW�ZLHGHU�

∀ i∈INSTANCE : ¤∃ r,s,t∈T: r<s<t ∧ aliver(i) ∧ ¬alives(i) ∧ alivet(i)
� ,QWHUIDFHV�ZHFKVHOQ�LKUH�.RPSRQHQWH�QLFKW�

assignedt(i) = c ⇒ assignedt+1(i) = c
� ,QWHUIDFHV�OHEHQ�QLFKW�RKQH�LKUH�.RPSRQHQWH�

assigned(i) = c ⇒ ∀ t∈T: alivet(i) ⇒ alivet(c)
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=HLWPRGHOO�XQG�.RQVLVWHQ]EHGLQJXQJHQ

� :HLWHUH�JUXQGOHJHQGH�.RQVLVWHQ]EHGLQJXQJHQ�I�U�
6\VWHPDEOlXIH�
� 9HUELQGXQJHQ�YHUELQGHQ�LPPHU�GLH�VHOEHQ�6FKQLWWVWHOOHQ�

� $P�$QIDQJ�GHU�=HLW�OHEHQ�QXU�HQGOLFK�YLHOH�,QVWDQ]HQ�

� 9RQ�HLQHP�=HLWVFKULWW�]XP�QlFKVWHQ�JLEW�HV�QXU�HQGOLFK�YLHOH�
bQGHUXQJHQ�DQ�GHU�6WUXNWXU�
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0RELOLWlW

� 1DLYH�'HILQLWLRQ��(LQH�.RPSRQHQWH�LVW�PRELO��ZHQQ�VLH�
LQQHUKDOE�HLQHV�6\VWHPV�LKUHQ�2UW�ZHFKVHOQ�NDQQ�

� %HLVSLHOH�
� (LQ�PRELOHU�6RIWZDUH�$JHQW��GHU�LQQHUKDOE�HLQHV�1HW]ZHUNV�YRQ�

HLQHP�5HFKQHU�]XP�QlFKVWHQ�ZDQGHUQ�NDQQ�
� (LQ�+DQG\��&HOO 3KRQH��PLWVDPW�VHLQHU�6RIWZDUH��GDV�LQQHUKDOE�

GHV�*60�1HW]HV�VHLQH�)XQN]HOOH�ZHFKVHOW�

� 0RELOLWlW�OlVVW�VLFK�DXI�PHKUHUH�$UWHQ�GHILQLHUHQ�
� ,PSOL]LW��:LU�IDVVHQ�2UWH�DOV��JJI��VSH]LHOOH��.RPSRQHQWHQ�DXI��

0RELOLWlW�OlVVW�VLFK�GDQQ�DOV�]HLWOLFKH�bQGHUXQJ�GHU�$EELOGXQJ�
SDUHQW EHJUHLIHQ�

� ([SOL]LW��:LU�I�KUHQ�2UWH�DOV�H[SOL]LWHV�.RQ]HSW�QHEHQ�GHQ�
DQGHUHQ�%DVLVNRQ]HSWHQ�HLQ�



Softwarearchitektur verteilter Systeme – 2. Grundlagen der Softwarearchitektur 2.24

0RELOLWlW�± LPSOL]LWH�9DULDQWH

� 2UWH�VLQG�.RPSRQHQWHQ

� 0RELOLWlW�LVW�GLH�]HLWOLFKH�bQGHUXQJ�GHU�$EELOGXQJ�parent�

� (LQIDFKHV�0RGHOO��QXU�I�U�6SH]LDOIlOOH�JHHLJQHW�
� 0RGHOOLHUXQJ�VSH]LHOOHU�(LJHQVFKDIWHQ�YRQ�.RPSRQHQWHQ�2UWHQ�

�EHLVSLHOVZHLVH�UlXPOLFKH�.RRUGLQDWHQ��XQKDQGOLFK

� NHLQH�'DUVWHOOXQJ��EHUODSSHQGHU�2UWH�P|JOLFK

DJHQW

ti+1ti

VDQGER[�VDQGER[�

DJHQW

VDQGER[�VDQGER[�
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0RELOLWlW�± H[SOL]LWH�9DULDQWH

� (V�JLEW�HLQ�VSH]LHOOHV�.RQ]HSW�I�U�2UWH�
� *UXQGOHJHQGH�'HILQLWLRQHQ�

� LOCATION ��0HQJH�DOOHU�2UWH
� located : COMPONENT → LOCATION

7RWDOH�$EELOGXQJ��RUGQHW�MHGHU�.RPSRQHQWH�GHQ�2UW�]X��DQ�GHP�
VLH�VLFK�EHILQGHW�

� sublocation : LOCATION → ℘(LOCATION)
7RWDOH�$EELOGXQJ��GHILQLHUW�GLH�(QWKDOWHQVHLQ�6WUXNWXU�GHU�2UWH�

� 0RGHOO�LVW�NRPSOH[HU��ELHWHW�DEHU�K|KHUH�0lFKWLJNHLW�
� EHQ|WLJW�]XVlW]OLFKH�.RQVLVWHQ]EHGLQJXQJHQ�]�%��I�U�$]\NOL]LWlW YRQ�

sublocation��I�U�bQGHUXQJHQ�GHU�2UWVVWUXNWXU��I�U�=XVDPPHQKDQJ�
]ZLVFKHQ�parent��sublocation��located HWF��

� HUODXEW�QDW�UOLFKH�0RGHOOLHUXQJ�GHU�(LJHQVFKDIWHQ�YRQ�2UWHQ
� HUODXEW��EHUODSSHQGH�2UWH�± .RPSRQHQWH�NDQQ�VLFK�VR�DQ�

PHKUHUHQ�2UWHQ�JOHLFK]HLWLJ�EHILQGHQ

ORF
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0RELOLWlW�± %HLVSLHO�I�U�H[SOL]LWH�9DULDQWH

� 5HGHILQLWLRQ �DXFK�ORFDWHG LVW�YHUlQGHUOLFK�� STRUCTURET =
aliveT × assignedT × parentT × connectsT × locatedT

� cell-1, cell-2, cell-1-2 ∈ LOCATION; handy ∈ COMPONENT

� sublocation(cell-1-2) = {cell-1, cell-2}

� locatedti(handy) = cell-1; locatedti+1(handy) = cell-1-2

KDQG\

ti+1ti

FHOO�� FHOO��FHOO����

EDVH�

KDQG\

FHOO�� FHOO��FHOO����

EDVH�
EDVH� EDVH�
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,QKDOW

� 0RWLYDWLRQ�XQG�'DUVWHOOXQJVZHLVH

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��,QVWDQ]HQ
� *UXQGNRQ]HSWH�XQG�6WUXNWXUHQ

� =HLW��6WUXNWXUlQGHUXQJHQ�XQG�0RELOLWlW

� .RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ

� 9HUKDOWHQ�YRQ�6\VWHPHQ�XQG�,QVWDQ]HQ

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��%HVFKUHLEXQJHQ

� =XVDPPHQIDVVXQJ
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.RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ�,

� %LV�MHW]W�KDEHQ�ZLU�QXU�GLH�6WUXNWXU�YRQ�6\VWHPHQ�
EHWUDFKWHW�����DEHU�.RPSRQHQWHQ�VROOHQ�DXFK�PLWHLQDQGHU�
NRPPXQL]LHUHQ�

� 1DFKULFKWHQ�IOLH�HQ�YRQ�6FKQLWWVWHOOHQ�]X�.RPSRQHQWHQ�
XQG�XPJHNHKUW�

� 'HILQLWLRQHQ�
� MESSAGE ��0HQJH�DOOHU�P|JOLFKHQ�1DFKULFKWHQ
� ε ∈ MESSAGE : OHHUH�1DFKULFKW
� input : INTERFACE → MESSAGE
� output : INTERFACE → MESSAGE

3DUWLHOOH�$EELOGXQJHQ��JHEHQ�DQ��
ZHOFKH�1DFKULFKWHQ�LQ�HLQH�E]Z��DXV�
HLQHU�.RPSRQHQWH�IOLH�HQ��'HILQLWLRQ�
YRQ�=HLWVWU|PHQ�inputT XQG�outputT

ZLH��EOLFK�

input(i)

output(i)D
L
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.RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ�,,

� 1DFKULFKWHQ�IOLH�HQ�YRQ�6FKQLWWVWHOOHQ�LQ�9HUELQGXQJHQ�
XQG�XPJHNHKUW�

� 'HILQLWLRQHQ�
� get : CONNECTION × INTERFACE → MESSAGE
� put: CONNECTION × INTERFACE → MESSAGE

3DUWLHOOH�$EELOGXQJHQ��JHEHQ�DQ��ZHOFKH�1DFKULFKWHQ�LQ�HLQH�E]Z�
DXV�HLQHU�9HUELQGXQJ�IOLH�HQ��'HILQLWLRQ�YRQ�=HLWVWU|PHQ�getT XQG�
putT ZLH��EOLFK�

input(i)

output(i)D L input(k)

output(k)

ENput(c,k)

get(c,k)

F
get(c,i)

put(c,i)
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.RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ�± %HLVSLHO�2EVHUYHU

PRGHO

YLHZ�

YLHZ�

REVHUYHU�

REVHUYHU�

REVHUYDEOH
F�

F�

� %HLVSLHODEODXI�
� t1: outputt1(observer1) = „changeTo(7)“
� t2: gett2(c1,observer1) = „changeTo(7)“
� t3: putt3(c1,observable) = „changeTo(7)“
� t4: inputt4(observable) = „changeTo(7)“
� t5: outputt5(observable) = „notify(danger)“
� t6: gett6(c1,observable) = gett6(c2,observable) = „notify(danger)“
� t7: putt7(c1,observer1) = „notify(danger)“
� t8: putt8(c2,observer2) = „notify(danger)“
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.RPPXQLNDWLRQ�PLW�GHU�$X�HQZHOW

� ,Q�HLQHP�6\VWHP�NRPPXQL]LHUHQ�W\SLVFKHUZHLVH�HLQLJH�
.RPSRQHQWHQ�PLW�GHU�8PJHEXQJ�

� 'DUVWHOOXQJVP|JOLFKNHLWHQ�
� 8PJHEXQJ�NRPPXQL]LHUW��EHU�IUHLH�6FKQLWWVWHOOHQ�

� $X�HQZHOW�ZLUG�DOV�HLJHQH�.RPSRQHQWH�UHSUlVHQWLHUW�

D� D�

8PJHEXQJ6\VWHP

D� D� HQY
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([NXUV��=XVWDQG

� ,Q�GHP�6\VWHPPRGHOO�JLEW�HV�]ZHL�$UWHQ�YRQ�=XVWDQG�
� 6WUXNWXU�=XVWDQG�GHV�6\VWHPV

� )DOOV�GLH�6WUXNWXU�G\QDPLVFK�LVW��NDQQ�GDV�6\VWHP�VLH�]XU�
6SHLFKHUXQJ�YRQ�,QIRUPDWLRQHQ�QXW]HQ�

� %HLVSLHO��5HIHUHQ]HQ�]ZLVFKHQ�.XQGHQ� XQG�.RQWHQ�2EMHNWHQ

� 'DWHQ�=XVWDQG�YRQ�,QVWDQ]HQ
� ,QVWDQ]HQ�N|QQHQ�=XVWDQG�KDOWHQ�
� %HLVSLHO��6SHLFKHUXQJ�GHV�.RQWRVWDQGV�LQ�HLQHP�.RQWR�2EMHNW�
� 'HQ�'DWHQ�=XVWDQG�PRGHOOLHUHQ�ZLU�QXU�LPSOL]LW��EHU�GDV�

.RPPXQLNDWLRQVYHUKDOWHQ��'LH�$XVJDEH�HLQHU�,QVWDQ]�]X�HLQHP�
=HLWSXQNW�W�NDQQ�JUXQGVlW]OLFK�YRQ�DOOHQ�IU�KHUHQ�(LQJDEHQ�
DEKlQJHQ�

� ,QVWDQ]HQ��GHUHQ�$XVJDEHQ�MHZHLOV�QXU�YRQ�GHU�OHW]WHQ�
QLFKWOHHUHQ�(LQJDEH�DEKlQJHQ��QHQQHQ�ZLU�]XVWDQGVORV�
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,QKDOW

� 0RWLYDWLRQ�XQG�'DUVWHOOXQJVZHLVH

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��,QVWDQ]HQ
� *UXQGNRQ]HSWH�XQG�6WUXNWXUHQ

� =HLW��6WUXNWXUlQGHUXQJHQ�XQG�0RELOLWlW

� .RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ

� 9HUKDOWHQ�YRQ�6\VWHPHQ�XQG�,QVWDQ]HQ

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��%HVFKUHLEXQJHQ

� =XVDPPHQIDVVXQJ
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6\VWHPYHUKDOWHQ

� $XI�GHU�%DVLV�YRQ�6WUXNWXU�XQG�.RPPXQLNDWLRQ�OlVVW�VLFK�
GDV�9HUKDOWHQ�HLQHV�6\VWHPV�QXQ�ZLH�IROJW�GDUVWHOOHQ�
� systembehavior ∈ ℘(STRUCTURET × getT × putT × inputT × outputT)

� 'DV�*HVDPWYHUKDOWHQ�HLQHV�6\VWHPV�LVW�DOVR�GLH�0HQJH�DOO�
VHLQHU�P|JOLFKHQ�6\VWHPDEOlXIH�LP�+LQEOLFN�DXI�GLH�
6WUXNWXU�GHU�,QVWDQ]HQ�XQG�GLH�.RPPXQLNDWLRQ�]ZLVFKHQ�
LKQHQ�

� 7KHVH��0LW�+LOIH�GHU�ELV�MHW]W�GDUJHVWHOOWHQ�.RQ]HSWH�ODVVHQ�
VLFK�DOOH�DUFKLWHNWXU�UHOHYDQWHQ�$VSHNWH�HLQHV�6\VWHPV�
HUIDVVHQ�

.RPPXQLNDWLRQV�
YHUKDOWHQ

6WUXNWXUlQGHUXQJV�
YHUKDOWHQ
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9RP�6\VWHPYHUKDOWHQ�]XP�,QVWDQ]HQYHUKDOWHQ

� %LV�MHW]W�KDEHQ�ZLU�LPPHU�QXU�GDV�9HUKDOWHQ�GHV�
JHVDPWHQ�6\VWHPV�EHREDFKWHW�
� :LH�VLHKW�GLH�*HVDPWVWUXNWXU�]X�HLQHU�EHVWLPPWHQ�=HLW�DXV"
� :HOFKH�9HUlQGHUXQJHQ�LP�*HVDPWV\VWHP�KDEHQ�VLFK�JHJHQ�EHU�

GHP�YRULJHQ�=HLWSXQNW�HUJHEHQ"
� :HOFKH�1DFKULFKWHQ�ZHUGHQ�LP�*HVDPWV\VWHP�YHUVFKLFNW�E]Z��

HPSIDQJHQ"

� ,Q�GHU�)ROJH�VFKDXHQ�ZLU�XQV�GDV�9HUKDOWHQ�HLQ]HOQHU�
,QVWDQ]HQ�DQ�
� :HOFKH�$XVVFKQLWWH�DXV�GHP�6\VWHPYHUKDOWHQ�VLQG�UHOHYDQW�I�U�

GDV�9HUKDOWHQ�HLQ]HOQHU�,QVWDQ]HQ"
� :DV�N|QQHQ�HLQ]HOQH�,QVWDQ]HQ�LP�*HVDPWV\VWHP�EHZLUNHQ"
� :HOFKHV�9HUKDOWHQ�HUJLEW�VLFK��ZHQQ�PDQ�,QVWDQ]HQ�]X�HLQHP�

6\VWHP�]XVDPPHQVHW]W"
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9HUKDOWHQ�YRQ�9HUELQGXQJVLQVWDQ]HQ�,

� 'DV�9HUKDOWHQ�HLQHU�9HUELQGXQJVLQVWDQ]�OlVVW�VLFK�DOV�
7HLOPHQJH�DOOHU�=HLWVWU|PH�GHU�(LQ� XQG�$XVJDEHQ�
EHVFKUHLEHQ��JHQDXHU��DOOHU�=HLWVWU|PH�GHU�JHW� XQG�SXW� $EELOGXQJHQ��GLH�

GLHVH�(LQ� XQG�$XVJDEHQ�IHVWOHJHQ��

� 'HILQLWLRQHQ�
� behavior : CONNECTION → ℘(getT × putT)

� /RNDOLWlW��'DV�9HUKDOWHQ�HLQHU�9HUELQGXQJ�F�PDFKW�QXU�
$XVVDJHQ��EHU�1DFKULFKWHQ�DXI�GHU�9HUELQGXQJ�F��XQG�
QLFKW��EHU�1DFKULFKWHQ�DXI�DQGHUHQ�9HUELQGXQJHQ��
� (gets, puts) ∈ behavior(c) ∧ connected(c) = (i,k) ⇒

∀t ∈ T: getst ∈ { {(c,i),(c,k)} → M } ∧ putst ∈ { {(c,i),(c,k)} → M }

V�I�U�=HLWVWURP
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9HUKDOWHQ�YRQ�9HUELQGXQJVLQVWDQ]HQ�,,

� .DXVDOLWlW��'LH�$XVJDEHQ�HLQHU�9HUELQGXQJ�F�]X�HLQHP�
EHVWLPPWHQ�=HLWSXQNW�W�N|QQHQ�QXU�YRQ�GHQ�(LQJDEHQ�
ELV�]XP�=HLWSXQNW�W���DEKlQJHQ��XQG�LQVEHVRQGHUH�QLFKW�
YRQ�]XN�QIWLJHQ�(LQJDEHQ��
� (gets1, puts1) ∈ behavior(c) ∧ (gets2, puts2) ∈ behavior(c) ∧

gets1↓t-1 = gets2↓t-1 ⇒ puts1t = puts2t

� 'LH�)RUPHO�EH]HLFKQHW�VRJDU�GHQ�GHWHUPLQLVWLVFKHQ�)DOO��EHL�GHP�
GLH�(LQJDEH�ELV�]X�HLQHP�=HLWSXQNW�GLH�$XVJDEH�LP�QlFKVWHQ�
=HLWVFKULWW�IHVWOHJW��,P�QLFKWGHWHUPLQLVWLVFKHQ�)DOO��PHKUHUH�
$XVJDEHVWU|PH�]X�HLQHP�(LQJDEHVWURP��P�VVHQ�GLH�0HQJHQ�
GHU�P|JOLFKHQ�]XU�=HLW�W�DXVJHJHEHQHQ�=HLFKHQ�JOHLFK�VHLQ�

1RWDWLRQ��[↓W�EH]HLFKQHW�GHQ�7HLO�GHV�=HLWVWURPV�[
ELV�HLQVFKOLH�OLFK�=HLWSXQNW�W
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9HUKDOWHQ�YRQ�9HUELQGXQJVLQVWDQ]HQ�,,,

� 6HOEVW�XQWHU�%HU�FNVLFKWLJXQJ�YRQ�/RNDOLWlW�XQG�
.DXVDOLWlW�JLEW�HV�QRFK�YLHOH�0|JOLFKNHLWHQ��ZLH�VLFK�HLQH�
9HUELQGXQJ�YHUKDOWHQ�NDQQ�
� 6LH�NDQQ�1DFKULFKWHQ�YHUOLHUHQ�RGHU�QLFKW�
� 6LH�NDQQ�1DFKULFKWHQ�YHUIlOVFKHQ���XPZDQGHOQ�RGHU�QLFKW�
� 6LH�NDQQ�VHOEVWlQGLJ�1DFKULFKWHQ�HU]HXJHQ�RGHU�QLFKW�
� 6LH�NDQQ�1DFKULFKWHQ�SXIIHUQ�RGHU�QLFKW�
� 6LH�NDQQ�GLH�5HLKHQIROJH�YRQ�1DFKULFKWHQ�EHZDKUHQ�RGHU�QLFKW�
� 6LH�NDQQ�XQWHUVFKLHGOLFKH�/DXI]HLWHQ�I�U�1DFKULFKWHQ�ELHWHQ�

�JJI��DEKlQJLJ�YRQ�GHU�*U|�H�GHU�1DFKULFKWHQ��
� 6LH�NDQQ�1DFKULFKWHQ�QXU�DXI�$QIRUGHUXQJ�DXVOLHIHUQ�

� 'HU�$UFKLWHNW�PXVV�GLH�(LJHQVFKDIWHQ�YRQ�9HUELQGXQJHQ�
LQ�VHLQHP�/DXI]HLWV\VWHP�NHQQHQ��XP�GLH�$UFKLWHNWXU�
HLQHU�$QZHQGXQJ�HUDUEHLWHQ�]X�N|QQHQ�
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� $��6lPWOLFKH�1DFKULFKWHQ�ZHUGHQ�LP�QlFKVWHQ�=HLWVFKULWW�
DP�DQGHUHQ�(QGH�DXVJHOLHIHUW�
� gett(c,i) = m ⇒ putt+1(c,k) = m

� ]�%��2EMHNWH�DOV�.RPSRQHQWHQ��9HUZHLVH�DOV�9HUELQGXQJHQ

� %��1DFKULFKWHQ�ZHUGHQ�JHSXIIHUW�XQG�P�VVHQ�YRP�
(PSIlQJHU�H[SOL]LW�DQJHIRUGHUW�ZHUGHQ��GXUFK�6HQGHQ�
HLQHU�VSH]LHOOHQ�$QIRUGHUXQJVQDFKULFKW��
� �EHU�'HILQLWLRQ�HLQHU�4XHXH��'HILQLWLRQ�VSH]LHOOHU�1DFKULFKWHQ�LQ

GHU�0HQJH�0��'HILQLWLRQ�GHV�3URWRNROOV

� ]�%��2EMHNWH�DOV�.RPSRQHQWHQ��-06�.DQlOH�DOV�9HUELQGXQJHQ

9HUKDOWHQ�YRQ�9HUELQGXQJVLQVWDQ]HQ�,9�� %HLVSLHOH

L Nput(c,k)
F

get(c,i)
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9HUKDOWHQ�YRQ�6FKQLWWVWHOOHQLQVWDQ]HQ�,

� 'DV�9HUKDOWHQ�HLQHU�6FKQLWWVWHOOHQLQVWDQ]�OlVVW�VLFK�
lKQOLFK�ZLH�GDV�9HUKDOWHQ�HLQHU�9HUELQGXQJ�GHILQLHUHQ�
XQG�EH]LHKW�VLFK�DXI�GLHVHV�

� 'HILQLWLRQHQ�
� behavior : INTERFACE → ℘(getT × putT × inputT × outputT)

� /RNDOLWlW��'DV�9HUKDOWHQ�HLQHU�6FKQLWWVWHOOH�L�PDFKW�QXU�
$XVVDJHQ��EHU�1DFKULFKWHQ�DQ�GHU�6FKQLWWVWHOOH�XQG�DQ�
GHQ�(QGHQ�GHU�9HUELQGXQJHQ��GLH�PLW�GHU�6FKQLWWVWHOOH�
YHUEXQGHQ�VLQG�
� (gets, puts, inputs, outputs) ∈ behavior(i) ⇒ ∀t ∈ T:

getst, putst ∈ { {(c,i)} → M | c ∈ connections(i)} ∧
inputst, outputst ∈{ {i} → M }

0HQJH�GHU�9HUELQ�
GXQJHQ DQ�L
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9HUKDOWHQ�YRQ�6FKQLWWVWHOOHQLQVWDQ]HQ�,,

� .DXVDOLWlW�ZLUG�lKQOLFK�GHILQLHUW�ZLH�EHL�9HUELQGXQJHQ�
� :LH�EHL�9HUELQGXQJHQ�JLEW�HV�YLHOH�0|JOLFKNHLWHQ��ZLH�

VLFK�HLQH�6FKQLWWVWHOOH�YHUKDOWHQ�NDQQ��LQVEHVRQGHUH�
� 6LH�NDQQ�1DFKULFKWHQ�YRQ�PHKUHUHQ�9HUELQGXQJHQ�PLVFKHQ��QDFK�

HLQHU�EHVWLPPWHQ�6WUDWHJLH��EHLVSLHOVZHLVH�IDLU��
� 6LH�NDQQ�1DFKULFKWHQ�DQ�9HUELQGXQJHQ�VFKLFNHQ��DQ�HLQH�

EHVWLPPWH�9HUELQGXQJ�RGHU�DQ�DOOH��

� 'DV�9HUKDOWHQ�HLQHU�6FKQLWWVWHOOHQLQVWDQ]�PXVV�PLW�GHP�
9HUKDOWHQ�GHU�DQJUHQ]HQGHQ�9HUELQGXQJVLQVWDQ]HQ�
]XVDPPHQSDVVHQ�

� 'HU�$UFKLWHNW�PXVV�GLH�(LJHQVFKDIWHQ�YRQ�6FKQLWWVWHOOHQ�
LQ�VHLQHP�/DXI]HLWV\VWHP�NHQQHQ��XP�GLH�$UFKLWHNWXU�
HLQHU�$QZHQGXQJ�HUDUEHLWHQ�]X�N|QQHQ�
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9HUKDOWHQ�YRQ�6FKQLWWVWHOOHQLQVWDQ]HQ�,,,�± %HLVSLHO

� Ä9LHO]ZHFN�6FKQLWWVWHOOH³�
� KLQDXVJHKHQGH�1DFKULFKWHQ�JHKHQ�DQ�DOOH�9HUELQGXQJHQ�

�6FKQLWWVWHOOH�DOV�9HUWHLOHU�
c ∈ connections(i) ∧ alivet(i) ∧ alivet+1(c) ⇒ gett+1(c,i) = outputt(i)
]�%��YHUZHQGEDU��XP�-06�7RSLFV�]X�PRGHOOLHUHQ

� KLQHLQJHKHQGH�1DFKULFKWHQ�NRPPHQ�DXV�HLQHU�9HUELQGXQJ�
�6FKQLWWVWHOOH�DOV�0LVFKHU��
alivet(i) ∧ inputt(i) = m ⇒

∃ c ∈ connections(i) : alivet-1(c) ∧ putt-1(c,i) = m

input(i)

output(i)D L
F

get(c,i)

put(c,i)
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9HUKDOWHQ�YRQ�.RPSRQHQWHQ

� 'DV�9HUKDOWHQ�HLQHU�.RPSRQHQWH�KDW�]ZHL�$VSHNWH�
�� 'LH�.RPSRQHQWH�NDQQ�1DFKULFKWHQ�HPSIDQJHQ�XQG�YHUVHQGHQ�

�� 'LH�.RPSRQHQWH�NDQQ�GLH�6WUXNWXU�GHV�6\VWHPV�YHUlQGHUQ�

� 'HILQLWLRQHQ�
� behavior : COMPONENT → ℘(inputT × outputT × STRUCTURET)

� 6RZRKO�GDV�.RPPXQLNDWLRQVYHUKDOWHQ�DOV�DXFK�GDV�
6WUXNWXUlQGHUXQJVYHUKDOWHQ�VLQG�ORNDO�XQG�NDXVDO�

.RPPXQLNDWLRQV�
YHUKDOWHQ

6WUXNWXUlQGHUXQJV�
YHUKDOWHQ
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.RPPXQLNDWLRQVYHUKDOWHQ�YRQ�.RPSRQHQWHQ

� /RNDOLWlW��'DV�.RPPXQLNDWLRQVYHUKDOWHQ�HLQHU�
.RPSRQHQWH�F�PDFKW�QXU�$XVVDJHQ��EHU�LQSXW� XQG�
RXWSXW�1DFKULFKWHQ�YRQ�6FKQLWWVWHOOHQ�YRQ�F�
� DQDORJ�]X�/RNDOLWlW�EHL�9HUELQGXQJHQ�XQG�6FKQLWWVWHOOHQ

� .DXVDOLWlW��'LH�$XVJDEHQ�HLQHU�.RPSRQHQWH�F�]X�HLQHP�
EHVWLPPWHQ�=HLWSXQNW�W�N|QQHQ�QXU�YRQ�GHQ�(LQJDEHQ�
XQG�GHP�6WUXNWXUYHUKDOWHQ�YRQ�F�ELV�]XP�=HLWSXQNW�W���
DEKlQJHQ�
� (inputs1, outputs1, structures1) ∈ behavior(c) ∧

(inputs2, outputs2, structures2) ∈ behavior(c) ∧
inputs1↓t-1 = inputs2↓t-1 ∧
structures1↓t-1 = structures2↓t-1 ⇒

outputs1t = outputs2t
GHWHUPLQLVWLVFKHU�
)DOO��YJO��)ROLH�����
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6WUXNWXUlQGHUXQJVYHUKDOWHQ�YRQ�.RPSRQHQWHQ�,

� /RNDOLWlW��'DV�6WUXNWXUlQGHUXQJVYHUKDOWHQ�HLQHU�
.RPSRQHQWH�F�PDFKW�QXU�$XVVDJHQ��EHU�,QVWDQ]HQ��DXI�
GLH�GLH�.RPSRQHQWH�]XJUHLIHQ�NDQQ�

� +LHU�JLEW�HV�XQWHUVFKLHGOLFKH�0|JOLFKNHLWHQ��=XJUHLIEDU�
VLQG�LP�1RUPDOIDOO�PLQGHVWHQV�
�� GLH�.RPSRQHQWH�F�VHOEVW

�� GLH�6FKQLWWVWHOOHQ�GHU�.RPSRQHQWH�F

�� �EHVWLPPWH��9HUELQGXQJHQ�DQ�6FKQLWWVWHOOHQ�YRQ�F

�� �EHVWLPPWH��6FKQLWWVWHOOHQ�XQG�.RPSRQHQWHQ��GLH�XQPLWWHOEDU�
�EHU�KLQDXVJHKHQGH�9HUELQGXQJHQ�PLW�F�YHUEXQGHQ�VLQG

� =XVlW]OLFK�N|QQHQ�]XJUHLIEDU�VHLQ�
�� GLH�.LQG�.RPSRQHQWHQ�YRQ�F�XQG�9HUELQGXQJHQ�]ZLVFKHQ�LKQHQ
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D

6WUXNWXUlQGHUXQJVYHUKDOWHQ�YRQ�.RPSRQHQWHQ�,,

� 'LH�]XJUHLIEDUHQ�,QVWDQ]HQ�]X�HLQHP�=HLWSXQNW�W�
N|QQHQ�MHZHLOV�GXUFK�HLQH�)RUPHO�EHVFKULHEHQ�ZHUGHQ�
� reachablet(c) =

{c} ∪
{i | assignedt(i) = c} ∪
{con | connectedt(con) = (i,j) ∧ assignedt(i) = c} ∪
...
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6WUXNWXUlQGHUXQJVYHUKDOWHQ�YRQ�.RPSRQHQWHQ�,,,

� /RNDOLWlW�DOV�)RUPHO��'DV�6WUXNWXUlQGHUXQJVYHUKDOWHQ�
HLQHU�.RPSRQHQWH�F�PDFKW�QXU�$XVVDJHQ��EHU�
,QVWDQ]HQ��DXI�GLH�GLH�.RPSRQHQWH�]XJUHLIHQ�NDQQ�
� (inputs, outputs, structures) ∈ behavior(c) ∧

structures = (alives, assigned, parent, connects) ⇒ ∀t ∈ T:
alivest ∈ {

{ x | x ∈ COMPONENT ∩ reachablet(c) } → M } ∧
assignedt ∈ {

{ x | x ∈ INTERFACE ∩ reachablet(c) } → COMPONENT } ∧
parentt ∈ {

{ x | x ∈ COMPONENT ∩ reachablet(c) } → COMPONENT } ∧
connectst ∈ {

{ x | x ∈ CONNECTION ∩ reachablet(c) } →
INTERFACE × INTERFACE }
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.RPSRVLWLRQ�YRQ�,QVWDQ]HQ

� ,QVWDQ]HQ�ODVVHQ�VLFK�LQ�HLQ�6\VWHP�HLQEDXHQ��ZHQQ�LKU�
9HUKDOWHQ�NRPSDWLEHO�PLW�GHP�6\VWHPYHUKDOWHQ�LVW�

� %HLVSLHO��9HUELQGXQJVYHUKDOWHQ
� :HQQ�EHL�HLQHU�9HUELQGXQJ�HLQHV�6\VWHPV�HLQH�EHVWLPPWH�

(LQJDEHVHTXHQ]�gets P|JOLFK�LVW��P�VVHQ�VlPWOLFKH�
GD]XJHK|ULJHQ�$XVJDEHVHTXHQ]HQ�puts DXV�GHP�
.RPSRQHQWHQYHUKDOWHQ�LP�6\VWHP�P|JOLFK�VHLQ�

� (gets, puts) ∈ behavior(conn) ∧ (gets, puts) ≤ systembehavior ⇒
∀ x ∈ { (g, p) ∈ behavior(conn) | g = gets } : x ≤ systembehavior

9HUKDOWHQ�GHV�.RPSRQHQWH
ILQGHW�VLFK�LP�6\VWHPYHUKDOWHQ
ZLHGHU�± 'HILQLWLRQ�lKQOLFK�ZLH
'HILQLWLRQ�GHU�/RNDOLWlW
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=ZLVFKHQVWDQG�,

� %LV�MHW]W�KDEHQ�ZLU�HLQ�JUXQGOHJHQGHV�9RNDEXODU�I�U�
$UFKLWHNWXU�GHILQLHUW�
� ,QVWDQ]HQ�YRQ�.RPSRQHQWHQ��6FKQLWWVWHOOHQ�XQG�9HUELQGXQJHQ

� 6WUXNWXUHQ�DXV�,QVWDQ]HQ�VRZLH�6WUXNWXUlQGHUXQJHQ

� .RPPXQLNDWLRQ�]ZLVFKHQ�.RPSRQHQWHQ��EHU�6FKQLWWVWHOOHQ�XQG�
9HUELQGXQJHQ

� 9HUKDOWHQ�HLQ]HOQHU�,QVWDQ]HQ�VRZLH�.RPSRVLWLRQ�YRQ�,QVWDQ]HQ

� 7KHVH��'DV�JUXQGOHJHQGH�6\VWHPPRGHOO�LVW�DOOJHPHLQ�
JHQXJ��XP��EHU�GLH�$UFKLWHNWXU�DOOHU�P|JOLFKHQ�
6RIWZDUH�6\VWHPH�UHGHQ�]X�N|QQHQ�

� (V�GHILQLHUW�DOVR�DOOJHPHLQH�(LJHQVFKDIWHQ�GHV�
/DXI]HLWV\VWHPV�HLQHU�Ä$UFKLWHNWXUPDVFKLQH³�
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=ZLVFKHQVWDQG�,,

� $XI�%DVLV�GHV�JUXQGVlW]OLFKHQ�/DXI]HLWV\VWHPV�ODVVHQ�
VLFK�HLQH�5HLKH�YRQ�]XVlW]OLFKHQ�'HILQLWLRQHQ�DXIVHW]HQ��
GLH�VSH]LHOOH�$UFKLWHNWXUHQ�EHVFKUHLEHQ��]XP�%HLVSLHO�
� 1DFKULFKWHQODXI]HLWHQ�YRQ�9HUELQGXQJHQ
� 6FKQLWWVWHOOHQ��GLH�DOV�1DFKULFKWHQYHUWHLOHU�GLHQHQ
� .RPSRQHQWHQ��GLH�DQGHUH�.RPSRQHQWHQ�HU]HXJHQ�N|QQHQ

� 'HUDUWLJH�]XVlW]OLFKH�$QQDKPHQ�P�VVHQ�H[SOL]LW�
JHPDFKW�ZHUGHQ��ZHQQ�PDQ��EHU�HLQH�$UFKLWHNWXU�
VSULFKW�

� 'LH�ELVKHU�JH]HLJWHQ�.RQ]HSWH�VROOHQ�LQVEHVRQGHUH�GD]X�
GLHQHQ��GHQ�%OLFN�GDI�U�]X�VFKlUIHQ��DXI�ZHOFKH�$VSHNWH�
PDQ�DFKWHQ�PXVV�
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%HLVSLHOH

� .RPSRQHQWHQ�VLQG�JUR�H�$QZHQGXQJHQ��GLH�VLFK��EHU�KWWS�
9HUELQGXQJHQ�;0/�'RNXPHQWH�VFKLFNHQ�

� hEHUPLWWOXQJ�YRQ�1DFKULFKWHQ�QXU�PLW��XQJHZLVVHU��9HU]|JHUXQJ
� 9HUELQGXQJHQ�N|QQHQ�DXVIDOOHQ
� 1DFKULFKWHQ�ZHUGHQ�EHL�GHU�hEHUWUDJXQJ�QLFKW�YHUIlOVFKW
� .RPSRQHQWHQVWUXNWXU�lQGHUW�VLFK�QLFKW��RGHU�QXU�VHOWHQ�
� ���

� .RPSRQHQWHQ�VLQG�2EMHNWH�LQQHUKDOE�HLQHU�$QZHQGXQJ��GLH��EHU�
5HIHUHQ]HQ�PLWHLQDQGHU�YHUEXQGHQ�VLQG�XQG�0HWKRGHQ�DXIHLQDQGHU�
DXIUXIHQ�

� hEHUPLWWOXQJ�YRQ�1DFKULFKWHQ�LP�:HVHQWOLFKHQ�YHU]|JHUXQJVORV
� 9HUELQGXQJHQ�N|QQHQ�QLFKW�DXVIDOOHQ
� 1DFKULFKWHQ�JHKHQ�QLFKW�YHUORUHQ
� 1DFKULFKWHQ�VLQG�$XIUXIH��5HTXHVW�5HSO\�
� .RPSRQHQWHQVWUXNWXU�lQGHUW�VLFK�KlXILJ
� ���
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,QKDOW

� 0RWLYDWLRQ�XQG�'DUVWHOOXQJVZHLVH

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��,QVWDQ]HQ
� *UXQGNRQ]HSWH�XQG�6WUXNWXUHQ

� =HLW��6WUXNWXUlQGHUXQJHQ�XQG�0RELOLWlW

� .RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ

� 9HUKDOWHQ�YRQ�6\VWHPHQ�XQG�,QVWDQ]HQ

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��%HVFKUHLEXQJHQ

� =XVDPPHQIDVVXQJ
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%HVFKUHLEXQJHQ�� 0RWLYDWLRQ

� %LV�MHW]W�KDEHQ�ZLU�QXU�,QVWDQ]HQ�EHWUDFKWHW�

� 'LH�6LFKW�ZDU�LP�:HVHQWOLFKHQ�GLH�HLQHV�7UDFHUV�
� :DV�SDVVLHUW�DOOHV�LP�6\VWHP"

� :DV�WXQ�GLH�HLQ]HOQHQ�.RPSRQHQWHQ"

� :LH�DUEHLWHQ�VLH�]XVDPPHQ"

� 'HU�$UFKLWHNW�DUEHLWHW�DEHU�PHLVW�QLFKW�PLW�HLQHP�
ODXIHQGHQ�6\VWHP��HV�VHL�GHQQ��HU�HUVWHOOW�HLQHQ�
3URWRW\S���VRQGHUQ�PLW�%HVFKUHLEXQJHQ�GHV�6\VWHPV�

� +LHU�VWHOOHQ�VLFK�LQVEHVRQGHUH�IROJHQGH�)UDJHQ�
� :DV�VLQG�%HVFKUHLEXQJHQ"

� :DV�VDJHQ�%HVFKUHLEXQJHQ��EHU�GLH�,QVWDQ]HQ�DXV"

� :HOFKH�%H]LHKXQJHQ�JLEW�HV�]ZLVFKHQ�GHQ�%HVFKUHLEXQJHQ"
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%HVFKUHLEXQJHQ�± 'HILQLWLRQ�XQG�%HLVSLHOH

� 'HILQLWLRQHQ�
� DESCRIPTION ��0HQJH�DOOHU�P|JOLFKHQ�%HVFKUHLEXQJHQ
� describedBy : DESCRIPTION → ℘(INSTANCE)

-HGH�%HVFKUHLEXQJ�NDQQ�YLHOH�,QVWDQ]HQ�EHVFKUHLEHQ�

� %HLVSLHOH�I�U�%HVFKUHLEXQJHQ�
� 6SH]LILNDWLRQHQ��
�GRF�'DWHLHQ�

� 80/�'LDJUDPPH��
�PGO�'DWHLHQ�

� 6FKQLWWVWHOOHQGHILQLWLRQHQ��
�LGO�'DWHLHQ�

� 4XHOOFRGH��
�MDYD�'DWHLHQ�

� %LQDULHV �
�FODVV�'DWHLHQ�

� =ZLVFKHQ�%HVFKUHLEXQJHQ�JLEW�HV�YLHOH�P|JOLFKH�
%H]LHKXQJHQ��LPSRUW��GHULYHG��HWF��
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%HGHXWXQJ�YRQ�%HVFKUHLEXQJHQ�,

� %HVFKUHLEXQJHQ�HQWVSUHFKHQ�3UlGLNDWHQ��VLH�PDFKHQ�
9RUJDEHQ�I�U�6WUXNWXU�XQG�9HUKDOWHQ�GHU�,QVWDQ]HQ�

� %HLVSLHO��,'/�'DWHL�&RXQWHU�LGO

� 6WDQGDUGXPVHW]XQJ�LQ�3UlGLNDWH�
� 'LH�%HVFKUHLEXQJ�EHVFKUHLEW�QXU��EHVWLPPWH��6FKQLWWVWHOOHQ�

i ∈ describedBy(CounterIDL) ⇒ i ∈ INTERFACE

interface Counter {
long getSum();
void setSum(long x);
long increment();

}

&RXQWHU�LGO LVW�HLQH�%HVFKUHLEXQJ�
CounterIDL ∈ DESCRIPTION
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%HGHXWXQJ�YRQ�%HVFKUHLEXQJHQ�,,

� hEHU�6FKQLWWVWHOOHQ��GLH�GHU�%HVFKUHLEXQJ�JHKRUFKHQ��ODXIHQ�QXU�
EHVWLPPWH�1DFKULFKWHQ�
i ∈ describedBy(CounterIDL) ∧
(gets, puts, inputs, outputs) ∈ behavior(i) ⇒ ∀ t ∈ T: 

outputst(c,i) ∈ { getSum, setSum(n), increment | n ∈ Nat } ∧
inputst(c,i) ∈ Nat

� :HLWHUKLQ�NDQQ�QRFK�GLH�6HPDQWLN�GHV�HQWIHUQWHQ�0HWKRGHQDXIUXIV�
YRUJHJHEHQ�ZHUGHQ��1DFK�6HQGHQ�YRQ�getSum PXVV�]XQlFKVW�HLQH�
$QWZRUW�HUIROJHQ��EHYRU�HLQH�ZHLWHUH�$XVJDEH�P|JOLFK�LVW�

� :HLWHUH�0|JOLFKNHLWHQ��([FHSWLRQ�+DQGOLQJ VSH]LIL]LHUHQ��
$QUHLFKHUXQJ�PLW�9RU� XQG�1DFKEHGLQJXQJHQ��HWF��HWF�
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5HIOH[LYLWlW

� (LQ�UHIOH[LYHV�6\VWHP�LVW�HLQ�6\VWHP��EHL�GHP�,QVWDQ]HQ�
]XU�/DXI]HLW�DXI��EHVWLPPWH��,QIRUPDWLRQHQ�DXV�GHQ�
%HVFKUHLEXQJHQ�]XJUHLIHQ�N|QQHQ�

� 7\SLVFKH�0RGHOOLHUXQJ��'LH�%HVFKUHLEXQJHQ�VLQG�]XU�
/DXI]HLW�DOV�,QVWDQ]HQ�UHSUlVHQWLHUW��]�%��0HWD�.ODVVHQ��
� (UIRUGHUW�NHLQH�(UZHLWHUXQJ�GHV�9HUKDOWHQVEHJULIIV�

� .RPSOH[H�0RGHOOLHUXQJ��,QVWDQ]HQ�JUHLIHQ�]XU�/DXI]HLW�
DXI�%HVFKUHLEXQJHQ�]X�
� (UIRUGHUW�(UZHLWHUXQJ�GHV�9HUKDOWHQVEHJULIIV

systembehavior ∈
℘(STRUCTURET × getT × putT × inputT × outputT × descriptionsT)
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,QKDOW

� 0RWLYDWLRQ�XQG�'DUVWHOOXQJVZHLVH

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��,QVWDQ]HQ
� *UXQGNRQ]HSWH�XQG�6WUXNWXUHQ

� =HLW��6WUXNWXUlQGHUXQJHQ�XQG�0RELOLWlW

� .RPPXQLNDWLRQ�XQG�,QWHUDNWLRQ

� 9HUKDOWHQ�YRQ�6\VWHPHQ�XQG�,QVWDQ]HQ

� 6\VWHPPRGHOO�I�U�$UFKLWHNWXU��%HVFKUHLEXQJHQ

� =XVDPPHQIDVVXQJ
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=XVDPPHQIDVVXQJ

� 6\VWHPPRGHOOH�HUODXEHQ�HLQH�DEVWUDNWH�'DUVWHOOXQJ�GHU�
ZHVHQWOLFKHQ�$VSHNWH�YRQ�6\VWHPHQ�

� .RPSRQHQWHQ��6FKQLWWVWHOOHQ�XQG�9HUELQGXQJHQ�VLQG�GLH�
*UXQGEDXVWHLQH�MHGHU�$UFKLWHNWXU�

� 'HU�$UFKLWHNW�PXVV�GLH�MHZHLOLJHQ�(LJHQVFKDIWHQ�GLHVHU�
*UXQGEDXVWHLQH�LQ�VHLQHP�6\VWHP�NHQQHQ��XP�GLH�
$UFKLWHNWXU�HLQHU�$QZHQGXQJ�HUDUEHLWHQ�]X�N|QQHQ�

� )�U�GDV�9HUKDOWHQ�HLQHV�6\VWHPV�VLQG�VRZRKO�6WUXNWXU�
DOV�DXFK�.RPPXQLNDWLRQ�UHOHYDQW�

� )�U�GHQ�$UFKLWHNWHQ�VLQG�VRZRKO�,QVWDQ]HQ�DOV�DXFK�
%HVFKUHLEXQJHQ�UHOHYDQW�
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/LWHUDWXUKLQZHLVH

� >%5��@ 0��%UR\��0DWKHPDWLFDO 6\VWHP�0RGHOV�DV�D�%DVLV�RI�6RIWZDUH�
(QJLQHHULQJ��-��YDQ�/HHXZHQ �HG����&RPSXWHU�6FLHQFH�7RGD\��6SULQJHU�
9HUODJ������

� >%++�@ 5��%UHX��8��+LQNHO��&��+RIPDQQ��&��.OHLQ��%��3DHFK��%��
5XPSH��9��7KXUQHU��7RZDUGV D�)RUPDOL]DWLRQ RI�WKH 8QLILHG 0RGHOLQJ
/DQJXDJH��,Q��3URFHHGLQJV RI�WKH (&223�����6SULQJHU�9HUODJ��/1&6�������

� >%56�@ .��%HUJQHU��$��5DXVFK��0��6LKOLQJ��$��9LOELJ��0��%UR\��$�
)RUPDO�0RGHO�IRU &RPSRQHQWZDUH��*DU\�7��/HDYHQV��0XUDOL 6LWDUDPDQ
�HGV����)RXQGDWLRQV RI�&RPSRQHQW�%DVHG 6\VWHPV��&DPEULGJH�8QLYHUVLW\�
3UHVV�������


