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6HQGHU�VFKLFNW�HLQ�QXPPHULHUWHV�3DNHW�XQG�ZDUWHW�GDQQ�DXI�HLQ�$FN�
�$FNQRZOHGJH���EHYRU�HU�GDV�QlFKVWH�3DNHW��EHUWUlJW�
(PSIlQJHU�DN]HSWLHUW�QXU�IHKOHUIUHLH�3DNHWH�PLW�GHU�HUZDUWHWHQ�
6HTXHQ]QXPPHU��%HL�MHGHP�3DNHWHPSIDQJ�VHQGHW�HU�HLQ�$FN I�U�GDV�]XOHW]W�
IHKOHUIUHL�XQG�LQ�ULFKWLJHU�5HLKHQIROJH�HPSIDQJHQH�3DNHW�
6HQGHU��EHUWUlJW�OHW]WHV�3DNHW�HUQHXW��ZHQQ�HLQ�7LPHRXW DEJHODXIHQ�LVW�

Æ %HQ|WLJW�3XIIHU�GHU�*U|�H���DXI�6HQGHUVHLWH�
Æ 3DNHWQXPPHULHUXQJ�PRGXOR ��
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6WRS6WRS��DQGDQG��:DLW:DLW PLW�PLW�1DFN1DFN
:LH�6WRS�DQG�:DLW�DEHU�

(PSIlQJHU�VFKLFNW�1DFN��1HJDWLYH�$FNQRZOHGJH��I�U�IHKOHUKDIWH�3DNHWH�
6HQGHU��EHUWUlJW�OHW]WHV�3DNHW�HUQHXW��ZHQQ
D� HLQ�7LPHRXW DEJHODXIHQ�LVW�
E� 1DFN I�U�GDV�OHW]WH�3DNHW�DQJHNRPPHQ�LVW�

Æ %HVVHUH�(IIL]LHQ]�DOV�6WRS�DQG�:DLW RKQH�1DFN��GD�EHL�IHKOHUKDIWHU�
hEHUWUDJXQJ�EHUHLWV�QDFK�(PSIDQJ�GHV�1DFN�ZHLWHUJHVHQGHW�ZHUGHQ�NDQQ��
DXFK�ZHQQ�GHU�7LPHRXW�QRFK�QLFKW�DEJHODXIHQ�LVW�

Æ %HQ|WLJW�3XIIHU�GHU�*U|�H���DXI�6HQGHUVHLWH�
Æ 3DNHWQXPPHULHUXQJ�PRGXOR ��
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*R*R��%DFN%DFN��11
6HQGHU�EHQXW]W�HLQ�6HQGHIHQVWHU�GHU�*U|�H�Z!��
6HQGHU�VFKLFNW�Z�3DNHWH��RKQH�DXI�HLQ�$FN�]X�ZDUWHQ�
(PSIlQJHU�DN]HSWLHUW�QXU�IHKOHUIUHLH�XQG�LQ�ULFKWLJHU�5HLKHQIROJH�
HPSIDQJHQH�3DNHWH��%HL�MHGHP�3DNHWHPSIDQJ�VHQGHW�HU�HLQ�$FN�I�U�GDV�
]XOHW]W�NRUUHNW�XQG�LQ�ULFKWLJHU�5HLKHQIROJH�HPSIDQJHQH�3DNHW��
6HQGHU��EHUWUlJW�3DNHW�Q�HUQHXW��XQG�DXFK�DOOH�IROJHQGHQ�EHUHLWV
JHVFKLFNWHQ�3DNHWH���ZHQQ�7LPHRXW I�U�3DNHW�Q�DEJHODXIHQ�LVW�
:HQQ�$FN�I�U�3DNHW�Q�EHLP�6HQGHU�DQNRPPW��VFKLHEW�GLHVHU�GDV�
6HQGHIHQVWHU�DXI�GLH�3RVLWLRQ�Q���

Æ %HQ|WLJW�3XIIHU�GHU�*U|�H�Z�DXI�6HQGHUVHLWH�
Æ 3DNHWQXPPHULHUXQJ�PRGXOR�Z���
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*R*R��%DFN%DFN��1�PLW�1�PLW�1DFN1DFN
:LH�*R�%DFN�1�DEHU�

(PSIlQJHU�VFKLFNW�1DFN �5HMHFW��I�U�IHKOHUKDIWH�3DNHWH�
6HQGHU��EHUWUlJW�3DNHW�Q�HUQHXW��XQG�DXFK�DOOH�IROJHQGHQ�EHUHLWV
JHVFKLFNWHQ�3DNHWH���ZHQQ
D� 7LPHRXW I�U�3DNHW�Q�DEJHODXIHQ�LVW�
E� 1DFN I�U�3DNHW�Q�DQJHNRPPHQ�LVW�

Æ %HVVHUH�(IIL]LHQ]�DOV�*R�%DFN�1�RKQH�1DFN��GD�EHL�IHKOHUKDIWHU�hEHUWUDJXQJ�
EHUHLWV�QDFK�(PSIDQJ�GHV�1DFN ZHLWHUJHVHQGHW�ZHUGHQ�NDQQ��DXFK�ZHQQ�GHU�
7LPHRXW QRFK�QLFKW�DEJHODXIHQ�LVW�

Æ %HQ|WLJW�3XIIHU�GHU�*U|�H�Z�DXI�6HQGHUVHLWH�
Æ 3DNHWQXPPHULHUXQJ�PRGXOR Z���
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6HOHFWLYH�5HMHFW�6HOHFWLYH�5HMHFW��RGHU���RGHU��6HOHFWLYH�5HSHDW6HOHFWLYH�5HSHDW��
9HUZHQGHW�6HQGH� XQG�(PSIDQJVIHQVWHU�GHU�*U|�H�Z!��
6HQGHU�VFKLFNW�Z�3DNHWH��RKQH�DXI�HLQ�$FN ]X�ZDUWHQ�
(PSIlQJHU�DN]HSWLHUW�MHGHV�IHKOHUIUHLH�3DNHW�LQQHUKDOE�GHV�(PSIDQJVIHQVWHUV�
XQG�EHVWlWLJW�PLW�$FN��%HL�IHKOHUKDIWHQ�3DNHWHQ�ZLUG�HLQ�1DFN JHVFKLFNW�
)DOOV�HLQ�HPSIDQJHQHV�3DNHW�GLH�NOHLQVWH�6HTXHQ]QXPPHU�LP�
(PSIDQJVIHQVWHU�KDW��YHUVFKLHEW�GHU�(PSIlQJHU�GDV�)HQVWHU�ELV�]XU�QlFKVWHQ�
QRFK�QLFKW�HPSIDQJHQHQ�6HTXHQ]QXPPHU��
6HQGHU��EHUWUlJW�QXU�3DNHW�Q�HUQHXW��ZHQQ
D� 7LPHRXW I�U�3DNHW�Q�DEJHODXIHQ�LVW�
E� 1DFN I�U�3DNHW�Q�DQJHNRPPHQ�LVW�

:HQQ�$FN I�U�3DNHW�Q�EHLP�6HQGHU�DQNRPPW��PDUNLHUW�GLHVHU�GLH�3RVLWLRQ�Q
DOV�NRUUHNW�HPSIDQJHQ��)DOOV�Q�GLH�NOHLQVWH�6HTXHQ]QXPPHU�LP�6HQGHIHQVWHU�
LVW��VFKLHEW�GHU�6HQGHU�GDV�)HQVWHU�DXI�GLH�QlFKVWH�XQEHVWlWLJWH 3RVLWLRQ�

Æ %HQ|WLJW�3XIIHU�GHU�*U|�H�Z�DXI�6HQGHU� XQG�(PSIlQJHUVHLWH�
Æ 3DNHWQXPPHULHUXQJ�PRGXOR �Z�
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(IIL]LHQ]�YRQ�6WRS(IIL]LHQ]�YRQ�6WRS��DQGDQG��:DLW:DLW
75$16B3�
hEHUWUDJXQJV]HLW�HLQHV�
'DWHQSDNHWHV� �%LWV�SUR�3DNHW���
hEHUWUDJXQJVUDWH
3523�
6LJQDOODXI]HLW
75$16B$�
hEHUWUDJXQJV]HLW�HLQHV�$FN
352&�
9HUDUEHLWXQJV]HLW�HLQHU�
1DFKULFKW��W\SLVFKHUZHLVH�
YHUQDFKOlVVLJEDU�
6�
PLWWOHUH�=HLW�]ZLVFKHQ���
3DNHW�EHUWUDJXQJHQ
(IIL]LHQ]�HLQH�3URWRNROOV�
9HUKlOWQLV�]ZLVFKHQ�HLJHQWOLFKHU�
hEHUWUDJXQJV]HLW�XQG�
*HVDPW]HLW� �75$16B3���6

DFN

3DNHW

PROC 

PROP

TRANS_P

TRANS_A
PROC 

PROP

S
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(IIL]LHQ]�YRQ�6WRS(IIL]LHQ]�YRQ�6WRS��DQGDQG��:DLW:DLW
75$16B$�XQG�352&�VHLHQ�YHUQDFKOlVVLJEDU�Æ 6� �75$16B3�����
�3523
$QQDKPH��(V�WUHWHQ�NHLQH�)HKOHU�DXI�

– (IIL]LHQ]�8� �75$16B3���6� �75$16B3����75$16B3�����
�3523�
– %HLVSLHO����3DNHWH�GHU�/lQJH������%\WH������0ESV��$XVEUHLWXQJVJHVFKZLQGLJNHLW���


���� P�V��/HLWXQJVOlQJH����NP
Æ 8� �����

– %HLVSLHO����3DNHWH�GHU�/lQJH������%\WH�����.ESV��$XVEUHLWXQJVJHVFKZLQGLJNHLW���
�
��� P�V��/HLWXQJVOlQJH�����NP
Æ 8� �����

,P�)HKOHUIDOO�
– 7LPHRXW  ���
�3523
– :DKUVFKHLQOLFKNHLW��GDVV�3DNHW�EHUWUDJXQJ�ZLHGHUKROW�ZHUGHQ�PXVV� �S
– (IIL]LHQ]�8� �����² S��
�75$16B3�����75$16B3�����
�3523�

'XUFKVDW]� �hEHUWUDJXQJVUDWH�
�(IIL]LHQ]
– %HLVSLHO��'XUFKVDW]�H�����0ELW�������� �����0ESV 
������ ����0ESV
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(IIL]LHQ]�YRQ�*R(IIL]LHQ]�YRQ�*R��%DFN%DFN��11
(IIL]LHQ]�DEKlQJLJ�YRQ�)HQVWHUJU|�H�Z��)DOOV�LPPHU�EHUHLWV�HLQ�$FN�
DQJHNRPPHQ�LVW��EHYRU�GDV�6HQGHUIHQVWHU�YROO�LVW��GDQQ�NDQQ�GHU�6HQGHU�
LPPHU�VHQGHQ�
=HLW�]XP�6HQGHQ�HLQHV�JDQ]HQ�)HQVWHUV��75$16B3�
�Z
:DUWH]HLW�DXI�HUVWHV�$FN��75$16B3�����
�3523
Æ 6HQGHU�NDQQ�LPPHU�VHQGHQ��IDOOV�75$16B3�����
�3523�� �75$16B3�
 Z
Ù Z�! �������
��3523���75$16B3�
$QQDKPH��(V�WUHWHQ�NHLQH�)HKOHU�DXI�

– 8� ���� IDOOV�Z�! �������
��3523���75$16B3�
– 8� �Z����������
��3523���75$16B3��� IDOOV�Z�����������
��3523���75$16B3�

,P�)HKOHUIDOO�
– :DKUVFKHLQOLFKNHLW��GDVV�3DNHW�EHUWUDJXQJ�ZLHGHUKROW�ZHUGHQ�PXVV� �S
– 8� ����� S�����������
�S�
��3523���75$16B3�����IDOOV�Z�!� ������
��3523���75$16B3�
– 8� �����² S��
�Z��������
��3523���75$16B3�������
����² S���ZS���

IDOOV�Z�����������
��3523���75$16B3�
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(IIL]LHQ]�YRQ�(IIL]LHQ]�YRQ�6HOHFWLYH�5HMHFW6HOHFWLYH�5HMHFW
,P�IHKOHUIUHLHQ�)DOO�ZLH�EHL�*R�%DFN�1�
,P�)HKOHUIDOO�

– :DKUVFKHLQOLFKNHLW��GDVV�3DNHW�EHUWUDJXQJ�ZLHGHUKROW�ZHUGHQ�PXVV� �S
– 8� ���� S��� IDOOV�Z�!� ������
��3523���75$16B3�
– 8� �����² S��
�Z�������
��3523���75$16B3�������

IDOOV�Z�����������
��3523���75$16B3�
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6HTXHQ]QXPPHUQUDXP6HTXHQ]QXPPHUQUDXP
Sender Empfänger

0

0
1

1
2

2

Timeout

0

0 1 2 0 1

0 1 2 0 1

0 1 2 0 1

0 1 2 0 1

Go-Back-N, w=3
normal: modulo w+1
hier: modulo w

Selective-Reject, w= 3
normal: modulo 2w
hier: modulo 2w-1

Sender Empfänger

0

0
1

1
2

2

Timeout

0

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4

0 1 2 3 4 0

0 1 2 3 4 0

0 1 2 3 4 0

0 1 2 3 4 0


