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N 03:CGQ8H254"2C>CB��9JO<X2A<?PL2A>A6\RHT.>V0·>bfW<X>CB52A>A6.<?>

¾�Oa�¸½g½ }QP�P *&r9 ¡�&�¤r9't| *"� r /S("!$*gyA�	rb�¦r9�¤�&rbs\¥»r.|X')� r9�"stsX§�s?|tr9¨
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MZJO<X2A<?PL>@2A>CBV¶A:=<?PLf`8.hjiA<?> -
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PL8H[»<?JO<XP"f�IQ<  �<XhjiA<X>A�?<XI�Jt�H�b�=<?I­hjiA<?PL:g<tBA8;PO4C2A>gB£Ã�8)JL<?IQ<?>£47¶AP�B5IQ<Wº�IQ>5��2A>gB£0·2CMk�
6.8;:=<]8;>A6.<?6.<?:=<?>�-bÃ·IQ<XMO<?P3Â&<?IQGÁiCKH>A6;J�MkJj8;PLN�[\I�J3B5<XP�RH<?PLf`<?>CB5<?JO<X>¯U`<aJLPOIQ<?:CML8;POJ
Ã·I­8;GQTH6H�·T5B5<?Pz�9Jj8;�=<?G/�$U`<?JOPLI/<X: �X2CML8;[\[\<?>²2A>CB²f�IQPLB I�- B�-  ]-&RHT.> Å�>9JO<XPO�CPO<?JO<?PL>
:g<t8;PL:g<XI�JL<aJX-

ÃFI/<£DF2g8;GQI�JjK)J�<?IQ>A<XM�U`<?JOPLI/<X:CMOMOY5MkJL<?[�M`f�I/PjBVI/>V47T.G/6.<?>CB5<X>V8HG/GQ6H<X[\<?IQ>A<?>@É^POI/JO<XPOIQ<?>¯6H<?�
[\<XMLMO<?>��
T¯pC�¡(&sX|X%"rb�7|SR �3IQ<?PL2A>9JO<XP f�IQPLB^<XI/>A<W8;>A6.<?[\<XMLMZ<X>A<� �<X8HN9JOIQTH>Ë8;2A45�C<?iAGQ<?P&I/>]~	POT.6HPj8;[»�

[»<X>@2A>CBVI/>�B5<XP��·8HPLB5f�8;PL<�RH<?PjMZJL8;>gB5<?>�-
¾Vy5|Xrb�"sX� &x%&r9')%&rb� |VR ÃF8;JO<?>²B5¶APO47<?>²8;2ghji :=<?I��C<?iAGQ<?PL> IQ>�B5<?P �F8;PjB5f`8HPO<»>AI­hji9J^R.<?PO�

4 K;G­MOhji9J�fW<XPLBA<?>VTbBA<?P�>AI­hji9J3RH<?PLGQTHPL<?>Ç6.<?iA<X>�-
¾Vy5|Xrb�"s &x%Á(&|Xq R ÃF8;JO<?>�R.<?PjMOhjiCI/<tB5<?>A<XP�03>bfW<X>CB5<XP32A>CBEBA<XM3U`<aJLPOIQ<?:gMOMOY5MkJL<?[�M3MO<?GQ:g<XP

[z¶CMLMZ<X> 8;2A4	2A>9JO<XPLMLhjiAIQ<XB5GQIQhjiC<?>EU`<aJLPOIQ<?:CMO[\I�JOJO<XG/> RHTHPF2A>b:g<XPO<thji9JOIQ6;JO<X[ �=2A6HPLI/Ä
6H<XMLhjib¶5JO�?J�fW<XPLB5<X>�-

���©qH�¤r9�"q R Ã·<XP�º�IQ6H<?>b:=<XBA8HPZ4"B5<XM�U`<aJLPOIQ<?:CMLMOYbMZJO<X[�MW2C>CB¯MO<?IQ>A<^�¡K;iAIQ6HN.<?I/JO<?>¯[z¶CMLMO<?>
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03:CMZJOPj8;N9JOIQTH>gMk�k�5hjiAI­hji9J"I­MkJt�HBA8.MOM":=<?IA<XI/>A<XP � >CBA<?PL2A>A6^T5B5<?P�0·>A�C8HMLMO2A>A6]B5<XM°U`<?�
JOPLI/<X:CMOMOY5MkJL<?[�M^8;254W<?IQ>A<»8H>CB5<XPO< �·8;PjB5f�8;PL<ËGQ<XB5IQ6HGQIQhji B5IQ<»Â&<?IQG/<\B5IQ<XMO<?PË�5hjiAI­hji9J
[»T5B5I/«C�XI/<XPZJ�fW<XPLB5<X>@[z¶CMLMZ<X>�-gÃFIQ<XM3R.<?PL:g<tMOMO<?POJ·B5IQ<Ë~¡THPOJL8H:AI/GQI/JLK)J�B5<XMFUW<?JOPLI/<X:CMZ�
MZY5MZJO<?[�MF8;254�R.<?PjMOhjiAIQ<XBA<?>A< �F8;PjB5f`8HPO<.-C03G­MF�AhjiA>AI/JZJLMZJO<XG/GQ<z�X2AP�~"<XPOIQ�AiA<XPOIQ<]f`<?PO�
B5<?>�MOTH6H<X>C8;>C>.JL< �·8;PjB5f�8;PL<a��Â PL<?IQ:=<?P·<XI/>C6H<XMO<aJL�aJt-&�bIQ<�:g<?JOPL<?IQ:g<X> �.- U�-Á<XI/>A<�:=<a�
MkJLI/[\[ËJL<^±�Pj8)«gN.��É]8;POJO<·TbBA<?P`<?IQ>A<·:=<XMZJOIQ[\[ËJO<]�C<XMZJO�AG­8)JOJO<�2A>CBÇf`<?PjB5<X> �k<F>g8Hhji
I/>CMZJL8HG/GQIQ<?POJO<?P �·8HPLB5f�8;PL<^[\TbBA2AGQ8HP3�?2C[�U`<?JOPLI/<X:CMOMOY5MkJL<?[ iAI/>C�?2A6.<a47¶A6HJX-g�"¶AP�B5IQ<
U`8.MZI­MZ472A>AN9JOIQTH>A<X> B5<tM]U`<aJOPLIQ<?:CMLMZY5MZJO<X[\M�MZJO<?GQGQ<?>²MZIQ<£<XI/>C<»<XI/>CiA<?I/JOGQIQhjiC<��AhjiA>AI/JZJZ�
MkJL<?GQG/<¯RH<?PjMLhjiAI/<tB5<?>C<?P �F8;PjB5f`8HPO<.���H- U�-&2C>.JL<?PjMOhjiCI/<tB5G/I­hjiA<XPz�A<tMkJL�AGQ8;JZJL<?>5��Â	Yb�=<?>��
�?2AP3®°<XPZ47¶C6H2A>A6g-

N 03254�B5<XP�2A>9JO<?PjMZJO<?>��5hjiAI­hji9J3:g<?«C>CB5<?J·MZI­hji�B5IQ< �F8;PjB5f�8;PL<H�5B5IQ<ËB5I/<]6.<a47T.PLB5<XPZJL<?>
03N9JOIQTH>A<X>�B5<?P��F8;PjB5f`8HPO<?�$0·:CMZJOPj8;N9JOIQTH>CMZ�k�5hjiAI­hji.JW2A[�MZ<?JO�aJt-
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Standardbibliotheken

Anwendungsprogramme

z.B. Prozess−Steuerung und Dateisystem

Systemaufrufe

Basisfunktionen

Hardware−Abstrakktions−Schicht 
z.B. Hardware−Treiber

Hardware

ÃF<?P»U`<aJOPLIQ<?:CMLMZY5MZJO<X[»N.<?PL> N)8;>C>©8;G­M]<?IQ>A<Ç[\TH>CTHGQI�JLiAIQMLhjiA<S�58H[\[»GQ2A>A6 RHTH>��C2A>AN9�
JLI/T.>A<?>¬T5B5<?PÇ8HGQM»[\T5B52AG­8;PL<V0·PLhjiCI�JL<?N9JO2AP�IQ[\�AGQ<?[\<?>9JOIQ<?POJÇMZ<XI/> -�UW<XI3B5<?P\[\T5B52AG­8;PL<?>
0·PLhjiCI�JL<?N9JO2AP»f`<?PjB5<?>
BAI/<@Ã·IQ<?>gMkJL<VB5<tM£U`<?JOPLI/<X:CMOMOY5MkJL<?[�M»8;2543R.<?PjMOhjiAIQ<XBA<?>A<Ç~	POT.�?<XMZ�
MO<ER.<?POJO<?IQG/JX�WBAI/<E:=<?I^03>A47THPjB5<?PL2A>A6©8HN.JLI/RbIQ<?POJÇfW<XPLBA<?>�-`Ã·IQ<XMO<E~�PLTH�X<XMLMZ<�>A<X>A>9JS[�8;>
�5<?PLRH<?PO�$~�POT.�?<tMOMO<H-903>bfW<X>CB52A>C6H<?>VMZIQ>CB¯I/>@B5IQ<XMO<?[ �bIQ>A>A< -WGQI/<X>9JZ�$~�POT.�?<tMOMO<H�bB5IQ<^MOTHG­hjiA<
�5<?PLRH<?PO�$~�POT.�?<tMOMO<Ë¶A:=<?P]Å�>9JO<XPO�CPOT.�?<XMLMZ�$ÉFTH[\[z2C>AI/N)8;JOIQTH> �7Å�>9JO<XP]~�PLTbh?<XMLM -WTH[\[z2A>CIQhX8)�
JLI/T.>�� Å�~ - �]8;2547PL2547<X>�-&ÃF<?P»UW<?JOPLI/<X:CMLMZY5MZJO<?[\N.<?PL> MOTHG­hjiA<?P][\T5B52AG­8;PL<?PËU`<aJLPOIQ<?:gMOMOY5MkJL<a�
[\<.�Af�I/<^�.- U�- !¦IQ>CB5T)f3M�ª·Â�2A>CB@�E8.hji��b<?>9JOiCKHG�J�>b2AP�f`<?>AIQ6H<�2A>bRH<XPO�XIQhji9JL:C8;PL<F�C2A>AN9�
JLI/T.>A<?> �Wf�IQ< B5IQ< ~	POT.�?<XMLMOTHPO�Ë2A>CB��b�=<?I­hjiA<XPOR.<?PLf`8HG�JL2A>A6C-�0·>CB5<XPO< Ã·IQ<?>CMZJO<.�Wf�IQ< BA8.M
Ã�8)JL<?I­MZY5MZJO<X[�2A>CBE6.PL8;«gMLhjiA< ,F:g<XP��=KHhjiA<X>�fW<XPLB5<X> B52APjhji �b<XPOR.<?PL�APLTH�?<tMOMO<^PO<t8;GQIQMOIQ<?POJX-
�·I/<XPLBA2APLhji¼I­MkJVB5<?PS�bY5MZJO<X[»N.<?PL>¼fW<X>AI/6.<?P�N.TH[\�AGQ<a� 8HGQM�:=<?IF<?IQ>A<?[¸[\TH>AT.G/I/JOiAI­MLhjiA<?>
U`<?JOPLI/<X:CMOMOY5MkJL<?[@-H�E8H>»MO�APLIQhji9J	BA8HiA<?P°igK;25«C6^R.TH>\<?IQ>A<?[ ��IQN9PLTHN.<?PL> �¤��IQh?POT]É^<XPO>A<XG �a-

ÃFIQ<3®°THPOJO<XI/GQ<·B5<XPW��IQNbPOT.NH<?PL>5��03PjhjiAI/JO<?N9JL2AP¡G/IQ<?6.<?>\I/[ NbGQ8HPO<XPO<X>�Ã·<tMZIQ6H>\2A>CBÇI/>��C<?�
�5IQ:AGQ<?PL<?>©ª32AJO�?2C>A6.MO[\ÆH6HGQI­hjiANH<XI�JL<?>²6H<X6H<?>b¶A:=<?Pz<?IQ>A<?[ [\TH>AT.G/I/JOiAI­MLhjiA<?>©É^<XPO>�- º�I/>C<?>
ªF8Hhji9JO<XI/G°MZJO<XG/G/J^BA<?P��?2CMLK)JL�?GQIQhjiA<»032547f�8;>gB�47¶AP]B5IQ<»ÉFTH[\[£2A>AIQNx8;JOIQTH>EB5<XPË�b<?PLRH<XPO�APLT;�
�X<XMLMZ<F[\I�J�B5<?[ ��IQNbPOT.NH<?PL>�BA8;Pt�.BA<?P	:=<?I <XI/>A<XP	[\TH>CTHGQI�JLiAIQMLhjiA<X>Ç03PjhjiAI�JL<?N9JO2CP	<?>9JO4 K;GQG�Jt-
ÃFIQ<XMO<?P �=2gMO8;JO�X8H2547f�8;>CBSNHT.MZJO<?J�6H<?PLIQ>A6;47¶A6.I/6£~¡<?PO47THPL[\8H>Cha<.-

����� ��&
	B$'&�)	��&��!5 "%$<8D$'.���
�$A=!?!& @ $C078:./$<"E575 HI5 03$LKM$'&
ªF8Hhji�IQiAPL<?P3U`<aJLPOIQ<?:CML8;POJ3NHÆ.>A>A<X>Vº	I/>A�X<?G/�W2A>gB���<?iAPL:=<?>b25JO�X<?PO�$U`<?JOPLI/<X:CMOMOY5MkJL<?[\<�2A>CB
U`<?JOPLI/<X:CMOMOY5MkJL<?[\<`47¶AP°º�IQ>A�?<XG���T5B5<XP���<?iCPO�APLTH6.PL8H[\[£��U`<aJLPOIQ<?:]2A>9JL<?PjMOhjiAIQ<XBA<?>»fW<XPLB5<X>�-
º	I/>AIQ6H<  3<?�APjKHMO<?>9JL8H>9JO<?>¼MOTHG­hjiA<?P�U`<aJLPOIQ<?:CMLMOYbMZJO<X[\<VMOI/>gB IQ>¦B5<?PÇ47THGQ6H<?>gB5<?>¼Â&8H:g<XG/GQ<
�X2CML8;[\[\<?>A6.<XMZJO<?GQG/JX�

�bI/>C6HGQ<Ë�·MO<?P ��2AG/JOIQ�AGQ<Ë�·MO<?P
�5I/>A6.G/<]~	POT.6HPj8;[\[\I/>A6 � �b�$Ã ,^� ��!¦IQ>CB5T)f3M�eC- � �

�E2AG�JLI/�CG/<Ë~	POT.6HPj8;[\[\I/>A6 ,^�02 �A� !¦IQ>CB5T)f3M�m;� �3>AI/� 2)Ê I/>b25�Á� !¦IQ>CB5T)f3M�ª·Â
ÃFIQ<XMO<FU`<aJLPOIQ<?:CMLMOYbMZJO<X[\<·MZIQ>CBÇMLK;[zJOGQIQhjiÇ8H254�~¡<?PjMZT.>C8;G -WTH[\�A25JL<?PL>�RH<XPZ47¶A6.:C8;P	2A>CB

BC8;iA<XPV[\<XiAP@TbBA<?PVfW<X>AI/6.<?PV:g<XN)8;>A>9JX-3ª·<?:=<?> B5IQ<XMO<?>��bJL8;>gBA8;PjBb��UW<?JOPLI/<X:CMLMZY5MZJO<?[\<X>
6.I/:AJ»<tMz<XI/>A<V6.8H>A�?<  �<?IQiA<VRHTH>©U`<?JOPLI/<X:CMOMOY5MkJL<?[\<?>©47¶AP�MZ�=<?�XI/<XG/GQ<?PL< �·8HPLBAf`8HPO<.� �H- U�-
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±�PLT��.PO<thjiA>A<?Pt�5®°<?N9JLTHPLPO<thjiA>A<?Pt�C~°8HPL8HG/GQ<?GQPO<thjiA>A<XPX�5º	hji9JL�?<?I/JOPL<XhjiC>A<?PF47¶AP�~�POT.�?<tMOMLMkJL<?2A<?�
PL2A>A6.<?>V2CMZf]-

U`<?�X¶A6HGQIQhjiÇBA<?P	U`<aJLPOIQ<?:gMO8HPZJ�2A>9JL<?PjMOhjiA<XIQBA<aJ�[�8;>�f`<?I/JO<XPOiAIQ>ÇU`<aJLPOIQ<?:CMLMOYbMZJO<X[\<�[»I/JX�
#�|Xy %Wr9{ Wgr9')y5'x�	rb�7|t(&�"* � U�8)Jjhji]~�POT5h?<XMLMZIQ>A6 �a�XÃFI/<tMZ<WUW<?JOPLI/<X:CML8;POJ�f�I/PjB^:g<XIb±�PLT��.PO<thji5�

>A<?PL>¯8H2ChjiÇiA<X25JO<�>AT5hjiSiCKH25«C6»8;>A6.<?f`<?>CB5<?JX-bÃ·<XP�UW<X>b25JO�X<?P�MZ�=<?�XI�«C�XI/<XPZJ�IQ>¯MO<?I/�
>A<?[�032A4 JOPj8;6C�	fW<XGQhjiA<X>¦UW<?JOPLI/<X:CMO[»I/JZJL<?GQ:g<tBA8;PO4]<?PÇig8)JS�.- U�-  3<XhjiA<X>A�?<XI�JS2C>CB
~�GQ8;JO�©IQ[ 0·PO:=<?I/JLMLMO�g<XIQhjiA<XPX-FÃF8H>A> ¶A:g<XPO6.I/:AJ B5<?PEU`<?>b25JL�?<XP MZ<XI/>C<?>�03254 JLPL8H6
� �.TH: �¯B5<?[Ì�bY5MZJO<X[ �747PO¶CiA<?PVI/>��AT.PO[¹<?IQ>A<tM¯Ê TbhjiCNx8HPZJL<?>CMZJL8H�g<XGQMÇ�$BC8;iA<XP¯B5<XP
ª·8;[\<?� �a-"Ã�8HM»U`<aJOPLIQ<?:CMLMZY5MZJO<X[ 47¶AiCPZJ\B5<?>¬03254 JLPL8H6E�?2©<XI/>C<?[ MZ�gK)JO<XPO<X> �=<XI�JO�
�A2A>AN9JË8;2CMX- Ã·2APjhji BAI/<£�?<?I/JOGQI­hjiA<»ÃFI­MZ�=TH>AIQ<?PL:C8HPON.<?I/JFB5<?P]0·254 JOPjK;6.<zNHÆ.>A>A<X> B5IQ<
UW<?JOPLI/<X:CMO[»I/JZJL<?G�[\<XIQMZJ·MZ<XiAP�6H2AJ�8H2CMO6H<?G­8HMZJO<?J�fW<XPLB5<X>�-

¾V� yA{¤pg*QWgr9')y5'x�	rb�7|t(&�"* � Â�IQ[\<��5iC8;PLI/>C6 � ��U`<?IËBA<?P�Ã·I­8;GQTH6.RH<XPL8HPO:=<?I/JO2A>C6
N)8;>A> B5<XP
UW<X>b25JO�X<?P°B5<?>  �<XhjiC<?>AG­8;254gI/>9JO<XPL8HN9JOIQR]¶A:g<XPOf�8HhjiC<?>Ë2A>gBzMZJO<?2C<?PL>�-xº�P¡:g<tMkJLI/[\[ËJ
iAI/<XPzB5IQ< �=<XI�JL�A2A>AN9JO<��X2©B5<?>C<?>²:g<tMkJLI/[\[zJO<S0·N.JLI/T.>A<?>�B52CPLhjiA6.<a47¶AiCPZJËf`<?PjB5<?> -
ÃF8H:g<XIg[£2CMOMWBA8HM`�bY5MkJL<?[cIQ>Ç<?IQ>A<?P`8;>A6.<?[\<XMLMO<?>\Nb2APO�X<?>�®°<XPO�XÆH6H<XPO2C>A6.MO�?<XI�J�8;>9JO�
fWT.PZJL<?>�-AÃFI/<]0·2CMZG­8HMZJO2C>A6�B5<XM3�bY5MZJO<X[\M�MZJO<Xi9J·8;G­M ,F�AJOIQ[»IQ<?PL2A>A69MZNbPLI�JL<?PLI/2C[ fW<?�
>AI/6.<?P�IQ[ ®°T.PLB5<XPO6.PO2C>CBS8HGQM�B5IQ<]º�IQ>AiC8HG�JL2A>A6�Nb2APL�?<?P�0·>9f`THPOJO�X<?I/JO<X>�-

� &x% |XqHrb� |�Wgr9')y5'x�	rb�7|t(&�"* �  �<X8HGHÂ�I/[\<°~�PLT5ha<tMOMOI/>C6 � �XÃ·IQ<	032AJOTH[�8;JOI­MZIQ<?PL2A>A6�RHT.>�JO<XhjiA�
>AIQMLhjiA<X>�º	I/>APLI­hji.JL2A>A6.<?>��X�H- UF-?�?2AP�~	POT5B52AN9JLI/T.>��a<?PO47THPjB5<XPZJÁ<?IQ>A<°[\ÆH6.G/I­hjiCMZJ MOhjiC>A<?G/�
G/<� �<t8;N9JOIQTH>»8;254=<a�bJO<XPO>\8;2A4 JOPL<aJO<X>CB5<�º�PL<?IQ6H>AI­MLMZ<.-xÃ�8;:=<?ICfW<XPLB5<X>z<X>A6H<3±�PL<?>A�X<?>
47¶APWB5IQ<·0·>.Jkf`THPOJO�X<?I/JO<X>\BA<XM� 3<XhjiA>A<XPLM�6H<XMO<aJL�aJt-HÃ·IQ< �=<XI�JjBA8;2C<?P�N)8;>C>�RHTH>\:AI­M��X2
,X�Ç�b<XN92C>CB5<?> �g�.- U�-A:=<?I¡032CMONb2A>54 JjMOMOY5MkJL<?[\<?>��g:AI­M3�?2�f`<?>CI/6.<?>���IQG/GQIQMO<?Nb2A>gB5<?>��
�H- UF-x:=<?Ib<?GQ<?N9JLPOI­MOhjiC<?>z0·>.JLPOIQ<?:=<?> �t:=<aJLPL8H6H<X>�- �.<`>C8HhjiCBA<?[@�XT.:£B5<XP&~	POT.�?<XMLM&RHTH[
 �<XhjiA>C<?P�2A>A[\I/JZJL<?GQ:C8;P�6.<?PL<?6H<XG�J�f�IQPLBÁ�5T5B5<XP�TH:V<?IQ>VU`<tB5I/<X>A<?P3BC8HM�º�PL6H<X:A>AI­M�<?I/�
>A<?P  �<XhjiC>92C>A6 �X2AP£º	>.JjMOhjiC<?I­B52A>A6 47¶AP£<XI/>C<?>©º�IQ>A6.POI/Ä¦:g<X>92AJO�aJt�°MZ�APLI­hji.J£[\8H>
RHTH>@haGQT.MO<XB¯GQT9T.�5��:A�Xf]-ATH�=<?>VG/TbT.�5���bJO<?2C<?PL2A>A6C-

0·G/GQ<][\TbBA<?PL>A<?>@U`<aJOPLIQ<?:CMLMZY5MZJO<X[»<.�bf�I/<]�.- U�- !¦IQ>CB5T)f3M�ª·Â^�0!¦I/>CBAT)f3M �;�H�.�z2C>CB@Ê�I/�
>b25�ËMOI/>CBË[»I/J"ª·<aJL�?f`<?PLN.4 KHiAIQ6HNH<XI�JL<?>^47¶AP¡B5<X>zU`<?PL<?I­hji^BA<?P"G/T.Nx8HG/<X>Ëª3<?JO�?<`2A>CBz8;2Chji^47¶AP
B5<X> ! <XI�JLRH<XPON.<?iAPjMZ:=<aJLPOIQ<?:�8H2CMZ6.<XMZJL8;JZJO<?JX-&Å�["! <?I/JOR.<?PLNH<?iCPLMO>A<aJL��iC8)J\MZI­hji©8;G­MË8HG/GQ6H<?�
[\<?IQ>A<XP·�9JL8H>CBA8;PjB@BA8HM�Å�>9JL<?PL>A<aJO��~�PLT;JLTHN.THGQG Â�-W~ 2xÅ�~¦B52APjhjiA6H<tMZ<?JO�?JX-A032ghjiVIQ>@G/T.N)8;GQ<?>
ª·<aJO�X<?> MOhjiAPL<?I/JO<?J^BAI/<»®°<?PL:APL<?I/JO2A>A6VRHT.> Â�-W~32)Å�~�6.<?6H<X>b¶A:g<XPFiC<?PjMkJL<?GQG/<XPLMO�g<X�?I/«gMLhjiA<?>
~�PLT;JLTHN.THGQG/<X>�� f�I/<�ª3<?JLU`º	�·Å�IQ[ !¦IQ>CB5T)f3MZ�$Ê&0·ªz��RHT.PL8H>�-=ÃF<?P �·8;2C�5JOR.THPOJO<?IQG¡IQMZJzBA8;�
:=<?I	BAI/<Ç®°<XPZ47¶C6H:C8HPON.<?I/J^R.TH>²Â�-W~32xÅ�~�8HGQM]<XI/>CiA<?I/JOGQIQhjiC<XM]~�PLT;JLTHN.THGQG¡47¶APËRH<XPLMLhjiAIQ<XB5<X>A<
�F8;PjB5f`8HPO<F2A>CB@U`<aJLPOIQ<?:CMLMOYbMZJO<X[\<H-

ÃF2APLhjiEBAI/<Ë®°<XPO>C<aJO�X2A>A6ÇB5<XP� �<thjiA>A<?P·iC8)JFMOI­hjiV<XI/>�f`<?I/JO<XPO<tM�É·T.>A�?<X�5J·MZJL8;PLNSR.<?PO�
:APL<?I/JO<?JX-)º	M¡6.I/:AJ°ÃFIQ<?>CMZJZ�$<?PL:APLI/>A6.<?>CBA<W2A>gB£ÃFI/<X>CMZJZ��47THPjB5<?PL>CB5<  �<XhjiC>A<?P¡2A>CB£~�PLTH�X<XMLMZ<.�
B5IQ<z[�8H>E8;G­MF�b<XPOR.<?P32A>gB -WG/IQ<?>9J�:g<X�?<?I­hjiA>A<?JX-=Å�[�MZJOPL<?>C6H<?> �5I/>A> IQMZJF<XI/> �5<?PLRH<?P·NH<?IQ>
 �<thjiA>A<XPËMZT.>CB5<?PL> <XI/> ~�PLTH�X<XMLM?��B5<XPË8;254`<?IQ>A<?[  �<XhjiC>A<?P]8;PL:=<?I/JO<aJË2C>CB ÃFIQ<?>CMZJO<\47¶AP
8H>CB5<?PL< -WGQI/<X>9JZ�$~�POT.�?<tMOMO<�I/[�ª·<aJL�?f`<?PLN£<XPO:APLIQ>A6;Jt-.ÂWY9�CIQMLhjiA<·U`<?I­MO�AI/<XG/<·47¶AP�-WG/IQ<?>9JW2C>CB
�b<XPOR.<?P MOIQ>CB]U`POT)f3MO<?PÁ2A>gB ! <X:CMO<?PLRH<?P TbBA<?P"�gD�ÊÁ��-WG/IQ<?>9J 2A>gBË�CD�ÊÁ��ÃF8;JO<X>9:g8;>AN5MO<?PLRH<?Pt-

ÃFI/<]®°T.PZJL<?IQG/<ËB5<XP�®°<?PL>A<aJL�?2A>C6\MOIQ>CBVR9IQ<?G/4 K;G/JOIQ6C�
N É·T9MkJL<?>CMO<?>ANb2A>C6�BA2APLhji^:=<XMLMZ<XPO<°ª·25JO�X2A>A63R.TH> �·8HPLBb�A2C>CBË�bT;4 Jkf�8;PL<H� �.- U�-?ÃFPL2ChjNH<XPZ�

MZ<XPOR.<?Pt-
N �5hjiA>A<XG/GQ<?PL<�U`<t8;PL:g<XI�JL2A>A6»RHTH>¯ÃF8;JO<?> �ABA8£MOIQ<^BATHPOJW:=<X8;PL:=<?I/JO<aJ�f`<?PjB5<?>¯NHÆ.>A>A<?> �

fWTEMOI/<Ç8H>54 8;GQGQ<?>�- 0·>CMZJL8)JOJ£B5IQ<SÃ�8)JO<X>²�?2©B5<X> ~	POT.6HPj8;[\[\<?> �?2²JOPj8;>gMk47<XPOIQ<?PL<?>
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f`<?PjB5<?>�-

N U`PO<XI�JL<?PL<XM�ÃFI/<X>CMkJLG/<XIQMZJO2C>A6.ML8;>A6.<?:=T;Jt�5�H- UF-CÅ�>.JL<?PL>A<aJt-
N ±�<?PLIQ>A6H<XPO<^032CMOf�IQPONb2A>A6\R.TH>��bY5MkJL<?[�8;2CMZ4 K;GQGQ<?>@B52APjhji¯PL<XB52C>CBA8;>9JL<  3<XhjiA>A<XPX-

ÃFIQ<]®°<?PL>A<aJL�?2A>A6�R.TH>  �<XhjiC>A<?PL>¯:CPOIQ>A6;J��k<tB5T5hjiV8H2ChjiVªF8Hhji9JO<XI/GQ<^[\I�J·MOIQhji �A�H- U�-/�
N ÉFT.MZJO<?>S47¶AP·B5<X>�É]8;254"2A>CB@U`<aJOPLIQ<?:@B5<XM3ª·<aJL�?<XM�2C>CB@MZ<XI/>A<XP3É·T.[\�gT.>A<?>9JO<X>�-
N �bI­hjiA<?PLiA<XI�JjMZ�APLTH:CG/<X[»<.-
N ÉFTH[\[z2A>CI/N)8)JLI/T.>CMO>A<aJL��8HGQM��X2CMOK;JO�XG/I­hjiA<]�A<XiAG/<XP��92A<XG/GQ<H-
N�� :=<?PLG­8HMZJO2A>A6\<XI/>A�X<?GQ>A<?P·�5<?PLRH<?PO�  �<XhjiA>C<?Pt-

U`<?JOPLI/<X:CMOMOY9JO<X[»<»MZIQ>CB I¤- BÁ-  ]-=47¶AP^:g<tMkJLI/[\[ËJL< �F8;PjB5f�8;PL<a�$~�GQ8;JZJO47THPL[»<X>@PO<t8;GQIQMOI/<XPZJF2A>CB
iCI/<XPZ47¶AP&TH�5JLI/[\IQ<?POJX-tUW<XIQMO�AIQ<?GQ<	BA8;47¶AP&MOI/>gB !¦I/>CBAT)f3M�mH��2A>gBË��º@47¶AP¡U`¶APOTH�AT5B5<?P
�3<?IQ[»�
~ -�4 MW2A>CB !¦IQ>CB5T)f3MWª·Â¬2A>CB��F~�47¶AP -WGQIQ<?>9JZ�$~3-�4 M�[\I�J`iATHiC<?P	Ê <?I­MkJL2A>A6]2A>CB¯�b<?PLRH<XPZ�
~ -	���bY5MZJO<X[»<.-.U`<aJLPOIQ<?:gMOMOY5MkJL<?[\<38;2CM	B5<?P	�·>AI/�9���C8H[\I/GQI/<·NHÆH>C>A<?>\iAIQ>A6H<X6H<X>»[\<XIQMZJ	RHT.[
~ - :AIQMW�?2C[ ±�PLT��.PO<thjiA>A<XP"<XI/>C6H<XMO<aJL�aJ	f`<?PjB5<X>��Hf`TH:=<?Ig>C8)JL¶APOGQI­hjiÇB5<?PWI/>9JO<XPO>C<·032547:g8;2
BA<XM3U`<aJLPOIQ<?:gMOMOY5MkJL<?[�M�8;>@B5I/< �F8;PjB5f�8;PL<a��03PjhjiAI�JL<?N9JO2CP`8H>A6H<X�C8HMLMkJ�I­MkJt-
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0·GQM	~�PLTH�?<tMOM�f�I/PjB»<?IQ>�~�POT.6HPj8;[\[ IQ>ÇMZ<XI/>C<?P	0·2CMk47¶CiAPO2C>A6Ë:=<?�?<XIQhjiC>A<aJt- !¦IQPLB\BA8.M�6HGQ<?I/�
hjiC<»~	POT.6HPj8;[\[�RHT.> RH<XPLMLhjiAIQ<XB5<X>A<?> U`<?>b25JO�X<?PL> 8H2CMZ6.<a47¶AiCPZJt� MOT�MZIQ>CB B5IQ<XM^RH<XPLMLhjiAIQ<a�
BA<?>A<]~�PLTH�X<XMLMZ<.-

Ã�8HM&GQTH6HI­MLhjiA<W0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPO:AIQG­B]<?IQ>A<XM"~�PLTH�X<XMLMZ<tM�<X>.JLiCK;G/J°B5I/<`�E8HMLhjiAIQ>A<?>b:=<a47<Xi5�
GQ<H�xB5IQ<WB52CPLhji -WT.[\�AI/GQ<?Pt�X0FMOMO<?[£:AGQ<?P 2C>CBËÊ�IQ>AN.<?P <XPO�X<?2A6HJ f�2APjB5<?> �XMOT)f�I/<	U`<XPO<XIQhjiA<�47¶AP
MZJL8;JOI­MOhjiC<�ÃF8;JO<?> �tB5IQ<°RHT.>]UW<X6HIQ>A>]:AI­MÁ�?2C[�º�>gB5<WB5<tMÁ~�PLTH�X<XMLMZ<tMÁRHT.POiC8H>CB5<X>�MOI/>gB �7�H- U�-
6.G/T.:C8;GQ<`®�8;PLIQ8H:AG/<X>z2A>gB»ÉFTH>gMkJj8;>9JO<X> � �x2A>CBz47¶AP�B5Yb>C8H[\IQMLhjiA<�ÃF8;JO<X>��;B5IQ<`f�K;iCPO<X>CBzB5<XP
0·2CMZ47¶AiAPL2A>A6Ë8;>C6H<?GQ<?6HJ°2A>CB»6H6H4k-)f�I/<tB5<?P°6.<?GQÆ.MLhji.J°f`<?PjB5<?> �7�.- U�-)GQTHN)8;GQ<�®�8;PLIQ8H:AGQ<?>»2A>CB
 3¶ChjN5MZ�APL2A>A698HB5PL<XMLMO<?>VRHTH>��·>.JL<?PL�APLTH6HPj8;[\[\<?>¯2A>CBEBAY9>g8;[\IQMLhjiA<]®�8HPOI­8;:AGQ<?>�� -�!´KHi5�
PL<?>gBEB5Yb>C8;[\I­MOhjiC<z®�8;PLI­8;:AGQ<?>�IQ> <XI/>A<X[�MZT.6H<?>g8;>A>9JO<X> �3<t8;�E2A>9JL<?PL6H<?:CPL8.hji.JFfW<XPLB5<X>��
MOIQ>CB¼B5I/< � :g<XPO698;:=<?�C8HPL8H[»<?JO<XP£2A>gB  3¶ChjN5MZ�APL2A>A698HB5PL<XMLMO<?>©R.TH> �·>9JO<?PL�APLTH6.PL8H[»[\<X>
IQ>@<?IQ>A<?[�MZT.6H<X>C8;>A>9JL<?>V�bJL8HhjN¯PO<t8;GQIQMOIQ<?POJX- �·KH25«C6\fW<XPLBA<?>V:g<XI B5<?P�~	POT.�?<XMLMO<?PL�?<?2C6H2A>A6
>CTbhji��3[\6H<X:A2A>A69MZIQ>547THPL[�8)JLI/T.>A<?>��Wf�I/< �H- U�-`BA<?P��b2ChjiA�54 8.B¼47¶AP@~�PLTH6.PL8H[»[�BA8;JO<XI/<X>
2C>CB´<XI/>A< 03PL6H2A[\<X>.JLG/I­MZJO< ¶C:g<XPO6.<?:=<?>�-�Ã·IQ<XMO<?PV~�PLTH�X<XMLMZN.TH>9JO<?�9JÇf�IQPjB¦I/>��3>AI/�¦2A>CB
!¦IQ>CB5T)f3M·8;G­M�MZT.6H<?>g8;>A>9JO<tM	º	>9RbIQPOT.>A[\<?>9J�:g<X�?<XIQhjiA>C<aJX-

Kontext (Environment)

Maschinencode

Statische Daten
(wie globale Variablen)

(wie lokale und dynamische Variablen)

Logisches Arbeitsspeicher−Layout
eines Prozesses

Stack

Dynamische Daten

Heap

,Xe
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�=2APË0·2CMZ47¶AiAPL2A>A6@:g<X>AÆ;JLI/6HJ]<?IQ> ~�PLTH�X<XMLM�RH<?PjMLhjiAI/<tB5<?>C<£U`<aJLPOIQ<?:CMO[\I�JOJO<XG¤�Áf�IQ<\�H- UF-
<XI/>A<X>¦Â <XI/G3B5<tMÇ03PL:=<?I/JLMLMZ�=<?I­hjiA<?PjMX�°<?IQ>A<?>¼~�PLTH�X<XMLMZT.PX�¡ÃF8;JO<XI/<X>¬2C>CB¬º�I/>A��2;032CMO6.8H:g<?�
±�<XPLK;JO<�f�I/<�Â"8HMZJL8;JO2AP°2A>gB£U`IQGQBAMLhjiAIQPO[@-;ÃFI/<�� 2ATHPjB5>b2A>A6^B5IQ<XMO<?P�U`<aJLPOIQ<?:CMO[\I�JOJO<XGA¶A:=<?PO�
>AIQ[\[ËJWBA<?P	U`<aJLPOIQ<?:gMOMOY5MkJL<?[\NH<XPO>�-)ÃFI/<·iAI/<XPZ47¶CP�>AT;Jkf`<?>gB5I/6.<?>\ÃF8;JO<X>�:g<?«C>CB5<X>ÇMZI­hji\I/[
MOTH6.<?>C8H>A>9JO<?>¯~�PLTH�?<tMOMLMONHTH>9JLPOT.G/GQ:AGQTbhjN -9ÃF8H�?2V6H<?iCÆHPL<?>V2�- 8C-/�
N ~�POT.�?<tMOMOIQBA<?>9JOI/«g8)JLTHP�~�ÅkÃ
N ~�POIQTHPLI/JLK)J
N ~�POT.�?<tMOMO�?2CMZJL8H>CB
N  �<Xhji9JO<tB5<XMONbPOIQ�5JLTHP��H- U�-547¶AP3Ã�8)JO<XI/<X>��C0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP�2CMZf]-
N ÃF8;JO<?I­B5<tMZNbPLI/�5JLTHP^�H- U�- 47¶APËB5IQ<Ç8;N9JO2C<?GQG/<\Ê�<tMZ<?�3TbBA<?PË�5hjiAPL<?IQ:A�=T.MOI�JLI/T.> 2A>CB²B5<X>
� Ä=>b2A>A69MZ[\T5B52CM

N 03PL:g<XI�JjMOMO�g<XIQhjiC<?PjB5<XMONbPOIQ�5JOT.P��H- U�-A47¶AP�B5I/< �=2ATHPjB5>b2A>A6\R.TH>E�b�=<?I­hjiA<?PjMZ<X6H[\<?>9JL<?>
�?2A[ ~�POT.�?<tMOM

N ~�POT.�?<tMOMOTHPL�?2CMZJL8H>CB¯�H- UF-CÅ�>AiC8;G/JFB5<XP� �<X6HI­MkJL<?Pt�CB5<tM�~�PLTH6HPj8;[\[\�XKHiAGQ<?PjMW2C>CB�B5<XM
~�POT.�?<tMOMOTHPjMkJj8)JL2CMZf`THPOJLM

N UW<?JOPLI/<X:CMO[»I/JZJL<?GQ>b25JO�X2A>A6\47¶AP·0·:APL<XhjiA>b2A>A69MZ�XfW<thjNH<
Ã�8HM]U`<aJLPOIQ<?:gMOMOY5MkJL<?[�GQ<?6;JËB5IQ<XMO<?> ~�PLTH�X<XMLMZN.TH>9JOPLTHGQG/:CG/T5hjNS:=<?IWB5<?P]~�PLTH�X<XMLMZ<XPO�X<?2A6.2A>A6
8H>��	<tM�� �C<X6;JSIQiA>���MZT.GQ8H>A6H<�B5<XPS~�PLTH�X<XMLM�8;N9JOIQR¬IQMZJX�W2A>CB¦<tM�G/Æ9MOhji9JÇIQiA>´>C8.hji¦B5<?[
~�PLTH�X<XMLMZ<X>CB5<.-�Ã·IQ<S��<X>A6H<Ç8HG/GQ<?P]~�PLTH�X<XMLMZN.TH>9JOPLTHGQGQ:AG/Æ5hjiA<£f�I/PjB�8;2ghji iCKH25«C6E8HGQM]~	POTH�
�X<XMLMkJj8;:=<?GQG/<¯:g<X�?<?I­hjiA>A<?JX-¡Å�>547T.PO[�8)JLI/T.>A<?>�¶C:g<XP\BAI/<V~�PLTH�?<tMOMZJL8H:g<XG/GQ<ÇN.ÆH>A>A<X>©IQ> �3>CI��
�.- U�-5[\I�J�B5<?[ ÉFTH[\[�8;>gB5T£�gM�6H<XfWT.>A>A<?>¯fW<XPLBA<?>�-
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~�PLTH�X<XMLMZ<VMZIQ>CB¬8;N9JOIQRH<¯~�PLTH6HPj8;[\[\<H�¡B5IQ<@RHTH[�U`<?JOPLI/<X:CMOMOY5MkJL<?[ :=<X8;PL:=<?I/JO<aJ�f`<?PjB5<?> -
Ã£- i - �k<tB5T5hjiÇ>AI­hji9J`BA8.MOM`MZIQ<·�X2 �k<XBA<?P��=<?I/JWIQ[ ~�PLTH�?<tMOMOTHP	PO<thjiA>A<?> -.��<XiAPO<XPO<·~�POT.�?<tMOMO<
N.ÆH>A>A<X>�8;2ghji´:g<XI^<?IQ>A<?PV~�PLTH�?<tMOMOTHP¯6HGQ<?I­hjiA�?<XI�JLI/6 8;N9JOIQR¦MZ<XI/>���8H:g<XP¯>C8;JO¶APLGQIQhji´N)8H>A>
>b2AP^<?IQ>A<XP��X2 <XI/>C<?P �=<?I/J^PO<thjiA>A<?> -=~	POT.�?<XMLMO<z:=<a«C>CBA<?>�MZI­hji 8HGQMOTSIQ> �?<?I/JL8H:AiCKH>A6HIQ6SIQ>
R.<?PjMOhjiAIQ<XBA<?>A<X> �=2CMZJLKH>CB5<X>�-.�bIQ<�NHÆ.>A>A<?>»�H- U�-)PO<thjiA>A<X>��;8;254 <?IQ>\<a�bJO<XPO>C<XM¡º�PL<?IQ6H>AI­M¡f�IQ<
<XI/>A<]Â"8HMZJL8;JO2APL<?IQ>A6.8H:g<�T5B5<?P�<XI/>C<?>��A<tMkJL�AGQ8;JZJL<?>A�X2A6HPLI�Ä f`8HPZJL<?>��bT5B5<?P�<XI/>A4 8Hhji@8;254°B5IQ<
�CPO<XI/698;:=<^BA<?P�~�PLTH�X<XMLMZT.P`B52CPLhjiV<?IQ>A<?>�8H>CB5<?PL<?>VPL<XhjiA>A<X>CB5<X>¯~�PLTH�X<XMLM`f`8HPZJL<?>�-

º�IQ>�~�PLTH�?<tMOM^N)8H>A>�MZI­hji²I/[ fW<tMZ<X>.JLG/I­hjiA<X> �7JO<XhjiC>AIQMLhji²6HIQ:5JË<XMË>AT5hji <XI/>A<\47<XI/>C<?PL<
�·>.JL<?PjMOhjiC<?I­B52A>A6ËR.TH> �=2CMZJLKH>CB5<X> �°IQ>Ç<?IQ>A<X[cBA<?P�47T.G/6.<?>CBA<?>ÇB5PL<?I �=2CMZJLK;>gB5<3:=<a«C>CBA<?>��
')("�&�"� �"* � 8;N9JLI/R�� �gÃ·<XP�~�POT.�?<tMOM�f�IQPLB¯6H<XPL8.B5<�RHTH>@B5<XP�~�POT.�?<tMOMOTHP�8;2CMO6H<?47¶AiAPOJX-
st{ rbr %"�¤�&* �7:AGQT5hjNbI/<XPZJ)� �ÁÃ·<XPF~	POT.�?<XMLM3f�8;POJO<?JF8;2A4WBA8HMFº�IQ>9JOPL<aJO<X>E<?IQ>A<tMF<?�bJO<?PL>A<X>�º�PZ�

<?IQ6H>AI­MOMO<XMX�5�H- U�-5º32)03��º	>CB5<H-
')rby�*&§ �7:=<?PL<?I/J �a�;Ã·<XP&~	POT.�?<XMLM&Nx8H>A>zB5IQ<`~�POT.�?<tMOMOTHP&>92AJO�?<X>��)MZIQ<	f�IQPjBz8;:=<?P"[\TH[\<?>9Jj8;>

B52APjhjiV<XI/>C<?>@8;>CB5<XPO<X>¯~	POT.�?<XMLM`:g<XG/<X6;Jt-
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U`<XI"<XI/>C<?P^~�PLTH�?<tMOMOTHPFN)8;>A> >92CPF<XI/> ~�POT.�?<tMOMF�?2 <?IQ>A<?P �=<XI�J]8;N9JOIQREMO<?IQ>��Á8;:=<?P�<XM�6HIQ:5J
!²8;POJO<tMOhjiCGQ8H>A6H<X>V:=<?PL<?I/JO<XP32A>CB@:CG/T5hjNbI/<XPZJL<?P3~	POT.�?<XMLMO<H-CÃF<?P � :=<?PL6.8;>C6»�Xf�IQMLhjiA<X>EB5<?>
f�I­hji9JOIQ6.MZJO<X> �=2CMZJLKH>CB5<X>
<?IQ>A<tMz~�PLTH�X<XMLMZ<tMzf�IQPjB
B52APjhji�47T.G/6.<?>CB5<tM£U`IQGQB
RH<XPL8H>CMOhjig8;25�
GQI­hji.Jt-Aº	M�6.I/:AJ3>AT5hji¯f`<?I/JO<XPO<^~�PLTH�X<XMLMZ�X2CMkJjK;>CBA<H�5B5IQ<Ë8;:=<?P`47¶AP·BA8.M3±�PO2C>CB5RH<XPLMZJLKH>CB5>AI­M
�X2A>CK.hjiCMkJ�>AI­hji9J3f�IQhji9JLI/6�MOI/>CB�-

running

ready sleeping

wakeup: Ereignis
eingetreten, z.B. E/A-Ende

timerunout:
Zeitscheibe
abgelaufen

block: CPU vor Ablauf
der Zeitscheibe freiwillig
abgegeben, z.B. wegen E/A

dispatch: Prozess
aus ready-Queue
CPU zugeteilt

ÃFIQ< 032547698;:=<EB5<XMSUW<?JOPLI/<X:CMLMZY5MZJO<?[�M\I­MkJt�	B5IQ<E~�PLTH�X<XMLMZ<@IQ>¬IQiAPL<?>¼RH<XPLMLhjiAIQ<XB5<X>A<?>
� 2CMkJjK;>CBA<?>¬�?2¬¶A:g<XPOf�8HhjiC<?>
2C>CB
�X2¬MZJO<X2A<?PL>�- �·I/<XPO:=<?I�f`<?PjB5<?> >C8HhjiC<?IQ>C8;>CBA<?P»RH<?PO�
MLhjiAIQ<XB5<X>A<E~�PLTH�X<XMLMZ<EBA<?[¹~�PLTH�?<tMOMOTHP��X2A6H<?JO<XI/G/JX-`�E8;>´MO�APLIQhji9JSR.TH>¼~�PLTH�?<tMOMOf`<XhjiCMO<?G
�¤Ã·I­MO�C8)JjhjiAI/>C6 � -0�=<X>9JOPj8;GQ<?P	<?�5<?Nb25JOIQRH<XPWU`<XMZJL8H>CBbJL<?IQGg47¶CP`B5<X>S~�PLTH�X<XMLMk� ! <XhjiCMO<?GgIQMZJ`BA8.M
�·>9JO<?PL:APL<Xhjib2A>A69MOMOY5MkJL<?[ �7Å�>9JO<XPOPL2A�5J��bY5MkJL<?[ � -"®°TH>©B5<XP �F8;PjB5f�8;PL<�fW<XPLB5<X>©�bI/6.>C8;GQ<
8H>VBC8HM�U`<aJLPOIQ<?:CMLMOYbMZJO<X[ 6H<tMOhjiAI­hjN9JX�b�H- U�-5<?IQ> � <?I/JZ�k�bI/6.>C8;G��5BA8HM�8H>A�?<XI/6HJX�5BA8.M�B5I/< �=<XI�JO�
MLhjiA<XI/:=<¯<XI/>C<XM£PO<thjiA>A<?>gB5<?>©~	POT.�?<XMLMO<XM»8;:A6.<?G­8;2547<X>�IQMZJX-°Ã�8;Pj8;2547iAIQ> MO2CMO�g<X>CB5IQ<?POJ»BA8.M
U`<?JOPLI/<X:CMOMOY5MkJL<?[�B5<X>z~�PLTH�X<XMLM?�XI/>CBA<?[�<XM"B5<X>z~�PLTH�X<XMLMZN.TH>9JOPLTHGQG/:CG/T5hjN·8HN.JL2C8;GQI­MZIQ<?POJX�X2A>CB
MZJL8HPZJL<aJ <XI/>C<?>z8H>CB5<?PL<?>^PL<XhjiA<X>b:g<XPO<XI�JL<?>^~�PLTH�?<tMOMX�aIQ>CB5<X[�<tM B5IQ<� �<X6HI­MkJL<?P�2C>CBËB5<X>Ë~�PLT;�
6.PL8H[\[»�tK;iAGQ<?P£B5<XMz~�POT.�?<tMOMOTHPjM]8;2CM£B5<?[ �X2A6H<XTHPjB5>A<aJL<?>�~�PLTH�X<XMLMZN.TH>9JOPLTHGQGQ:AG/T5hjN�G­KHBbJt-
ÃFIQ<¯�APj8;6.<\fW<XGQhjiA<XPË~�PLTH�X<XMLM]8;2CM][\<XiAPO<XPO<X>²PO<thjiA<?>b:=<?PL<?I/JO<?>²~�PLTH�X<XMLMZ<X> 8H2CMO6H<?f�K;iCG�J
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Prozess 2 in Prozess 1 verschachtelt:
x=2+5=7
x=7*10=70; x=70+3=73
x=73+2=146
Ergebnis x=146

Prozess 2 vor Prozess 1:
x=2*10=20; x=20+3=23
x=23+5=28; x=28*2=56
Ergebnis x=56

Prozess 1
x=x+5
x=x*2

Prozess 2
x=x*10
x=x+3

x=14*10=140; x=140+3=143
Ergebnis x=143

Ausgangssituation x=2

x=2+5=7; x=7*2=14
Prozess 1 vor Prozess 2:

ª3I­hji9JLB5<?JO<XPO[\IQ>AIQMO[z2gM°IQMZJ�I�- 8C-;2A>A<XPOf�¶A>gMOhji9JX-;�·[ IQiA>\�?2\R.<?PL[»<XIQBA<?>��HB�- i�-Q�;2A[ B5<a�
JL<?PL[»IQ>AI­MkJLIQMLhjiA<F�5YbMZJO<X[\<·�?2S<?PLiC8;G/JO<X>�[z¶CMLMZ<X>ÇB5IQ<·®°THPL6.KH>A6H<3MOYb>ChjiAPLTH>AI­MOI/<XPZJ�f`<?PjB5<?> -

º�IQ> f`<?I/JO<XPO<tMz~	POT.:AG/<X[ >A<?:=<?>CGQKH25«C6H<XP\~�POT.�?<tMOMO<¯MOI/>gB©®°<?PLNbG/<X[\[z2A>A6.<?> �¤Ã·<t8HBb�
GQT5hjNbM � -t®°<?PLNbG/<X[\[z2A>A6.<?>ËN.ÆH>A>C<?>Ë<X>.JjMkJL<?iA<X>��xfW<X>A>z[\<XiAPO<XPO< �7[\IQ>CB5<XMZJO<X>CM"�?f`<?I ��~	POTH�
�X<XMLMZ<][\<?iCPO<XPO< � [»IQ>CB5<tMkJL<?>CMF�?f`<?I ��<?�bNbGQ2CMOI/R.<ËUW<?JOPLI/<X:CMO[»I/JZJL<?G&:g<XG/<X6H<?>�T5B5<XP3:=<?GQ<?6H<X>
f`THGQG/<X>�-�ÃFI/<Ç<?�5N9GQ2CMOI/R >b25JO�X:C8;PL<?>²U`<aJOPLIQ<?:CMO[\I�JOJO<?G	NHÆH>C>A<?>²iAIQ<?P �F8;PjB5f�8;PL<H� �H- U�-�<?IQ>
ÃFPO2ghjNH<?P¯2A>CB�<?IQ>��5hX8;>A>A<XPX�`T5B5<?P@8;2ghji��bT;4 Jkf�8;PL<H�`�H- U�-W®°<XPO�X<?I­hjiA>AI­MZ<XI/>9JLPLKH6H<ET5B5<XP
Ã�8)JL<?>CML8)JL�a�k�b�g<XPOPL<?> �bMO<?IQ>�-

Prozess 1 Prozess 2
fordert Drucker
Zuteilung Drucker

fordert Scanner
Zuteilung Scanner
fordert Druckerfordert Scanner

Deadlock

Zeit

ÃFI/<»8;>�<?IQ>A<XP·®°<?PLNbG/<X[\[z2A>A6S:g<?JO<?IQGQI/6HJO<?> ~�POT.�?<tMOMO<]NHÆ.>A>A<?>�IQ>EIQiAPL<?P·0·PO:=<?I/J�8HGQMOT
>AI­hji9J�47THPOJZ4 8HiAPL<?>��.fW<XI/G=MZIQ<F8H254Á<?IQ>Ç<a�5NbG/2gMZIQRH<tM�U`<aJOPLIQ<?:CMO[\I�JOJO<?Gg<?IQ>A<XM`8;>gB5<?PL<?>\~�PLTH�X<XMZ�
MO<XM�f�8;POJO<X>��ABA8HM�BAI/<tMZ<XP�8H:g<XP�>AI­hji.J�47PL<?IQ6HIQ:5Jt-
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	8:$' !)	.�&	�
º�IQ>�Â�iAPL<X8HB£T5B5<?PWÂ�iAPO<t8HB£T;4 -WTH>9JOPLTHG � fWÆ.PZJLG/I­hji»�g8HB5<X>\TbBA<?P�ÉFTH>9JOPLTHGQG�4 8.B5<?>���I­MkJ�<XI/>C<
MO< �92A<X>A�?IQ<?GQG&8H2CMZ6.<a47¶AiCPZJL<z�AT.G/6.<]RHTH>EU`<?47<?iAGQ<?>EIQ>A>A<XPOig8;GQ:�<?IQ>A<XM·~�POT.6HPj8;[\[�M?- �·K;2A«C6
I­MkJ�<tM��H- UF-A8H2CM�ÃF<XMOI/6.>5�°TbBA<?P�º ���?IQ<?>C�?6HPL¶A>CBA<?>@MZIQ>A>bRHT.G/G��b[»<XiAPL<?PL<�Â�iAPL<X8.BAM`�?<XI�JLG/I­hji
�C8HPL8HG/GQ<?G IQ>A>A<XPOiC8HG/:¯<?IQ>A<XM�~	POT.6HPj8;[\[�M`8H2CMO�?2547¶AiCPO<X>�-5�E8;>@MZ�CPOI­hji9J�iCI/<XPO:=<?IÁR.TH>¯�E2AG��
JLI�JLiAPO<t8HB5IQ>A6g-=º	I/>²03>bf`<?>CB52C>A6.MO:g<XIQMO�AIQ<?G¡N)8;>A> �H- U�-Á<?IQ> ��2AG/JOIQ�APLTH�X<XMLMZT.PLMOY5MkJL<?[�MZ<XI/>��
IQ>�B5<?[ <?IQ>¯~�PLTH6.PL8H[\[�� Â�iAPL<X8HBCM`8H254 �����³~�PLTH�?<tMOMOTHPL<?>S6HGQ<?I­hjiA�?<XI�JLI/6\>b25JO�?JX-

ÃFI/<�Å�[\�AGQ<?[\<?>9JOIQ<?PL2A>A6�RHT.>£Â�iAPL<X8.BAM&IQMZJ°<?>9JLMLhjiA<?I­B5<X>CB]47¶AP°IQiAPL<W~¡<XPZ47T.PO[�8;>gha<	2C>CB
0·>9f`<?>gB5:C8;PLNH<XI�Jt- �bT�NHÆ.>A>A<X>²Â�iCPO<t8HBAM]8HGQM^~�PLTH�X<XMLMZ<\¶A:=<?P»��2AG/JOI/JL8.MZNbIQ>A6�T5B5<?P]¶A:=<?P
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Â�iCPO<t8HBb��U`I/:AGQIQT;JOiC<?NH<X>Ç8;254 U`<X>92AJO�?<XPO<X:g<X>A< �¤�·MO<?P�Â�iAPL<X8HBCM ��TbBA<?P�8;G­M�GQ<?I­hji.JL6H<Xf�IQhji9JOI/�
6.<]~�PLTH�?<tMOM�8H254¡U`<?JOPLI/<X:CMOMOY5MkJL<?[\<?:=<?>C< �¤É^<?PL>A<?G�Â�iAPL<X8.BAM �	PL<X8HG/I­MOI/<XPZJ�MZ<XI/> -
� &#'!��)�� !#��� � $#)+*-, � &�� � �������%� ���1� �%*#���

N ~�PLTH�X<XMLMZ<^MZIQ>CBVB52APjhjiVMO<?�g8;Pj8)JO<�0�B5PL<XMLMZPjK;2A[\<F2A>CB �=2A6.POI/Ä MONHT.>9JOPLTHGQG/<X>Ç8;254¡UW<?�
JOPLIQ<?:CMO[\I�JOJO<?G 6H<?6.<?>A<XI/>g8;>CB5<XP�8;:A6.<XMLhjiAT;JOJO<aJt-

N Â�iAPL<X8.BAM�MZT.G/GQ<?> �k<XBATbhji@8;2A4"6.<?[\<?IQ>CML8;[\<?>VÃF8;JO<?>�8HPO:=<?I/JO<X>�-
N ÃF<?PÇ~�PLTH�X<XMLMZf`<XhjigMZ<XG`2C>CB¦B5IQ<EÅ�>9JO<?PL�APLTH�X<XMLMZN.TH[\[z2A>CI/N)8)JLI/T.>©�?2CP  �<X8HG/I­ML8)JOIQTH>

RHT.>VÂ�iCPO<t8HBAM`¶A:=<?P3~	POT.�?<XMLMO<FI­MkJ·MO<?iCP��?<?I/JL8H2547f�K;>CB5IQ6C-
N ÃFI/<�~�PLTH�X<XMLMZ<X:g<X>A<VIQMZJÇBA8;iA<XP\<?IQ>A<EMOhjiCG/<thji.JL< !²8;iCG�47¶APÇB5IQ<  �<X8HG/I­MO8;JOIQTH> RHTH>

��2AG/JOI/JOiCPO<t8HB5IQ>A6C-
� &#'!��)�� !#��� � $#)+*-, � &���� �%*�& � ���%���1� �%*#�

N ÃFI/<F®°<?PLf`8HG�JL2A>A6ËB5<tM	��2AG/JOI/JOiCPO<t8HB5IQ>A6Ë<XPZ47T.G/6HJ	THiA>C<3º�IQ>9f�IQPLN92C>A6zB5<tM	U`<aJLPOIQ<?:CMZ�
MOYbMZJO<X[�M�[»I/J��3IQG/47<]RHTH>@U`I/:CG/IQT;JLiA<?N5ML8;2547PL2547<?> -

N Å�[Ì±�<?6.<?>CML8)JL�E�?2A[���2CG�JLI�JLiAPO<t8HB5IQ>A6¬8;254]~�PLTH�X<XMLMZ<X:g<X>A<E<?PO47THGQ6;JVBA8HM¯��2AG/JOI/�
JOiCPO<t8HB5IQ>A6\THiA>C< � 25JO2A>�B5<tM�U`<aJOPLIQ<?:CMLMZY5MZJO<X[»N.<?PL>CM`2A>CBVI­MkJ·BA8HiA<?P�< �\�XI/<X>9JO<?Pt-

N ��<XiAPO<XPO<`NHTbT.�gT.POIQ<?PL<?>CBA<	Â�iAPL<X8HBCM"MOIQ>CBzIQ[\[\<?P¡I/>»<?IQ>A<X[ <?IQ>A�?IQ6H<X>£~	POT.�?<XMLM&PO<t8)�
GQIQMOI/<XPZJt-

N ÃFI/<�Â�iAPL<X8.BAM^8;PL:g<XI�JL<?> IQ>A>A<XPOig8;GQ: B5<tMF~	POT.�?<XMLMO<XM�8;:bfW<thjiCMO<?GQ>CBÁ-ÁÃF8HPL8H2CM·47THGQ6;J
BA8.M·~°8;Pj8;GQGQ<?GQRH<?Pj8;PL:=<?I/JO2A>A6\[\<?iCPO<XPO<XP·NHTbT.�gT.POIQ<?PL<?>CBA<?P·Â�iAPL<X8.BAM3>CIQhji9J^[»Æ.6HGQIQhji
I­MkJt-

N U`G/T5hjNbIQ<?POJ <XI/>ËÂ�iCPO<t8HBFI/>A>C<?PLiC8;GQ:]B5<XMÁ~	POT.�?<XMLMO<XM �H- U�-af`<?6H<X>^<?IQ>A<?P�º	I/>5��2)0·2CMO6.8;:=<H�
MOT\MOIQ>CB@8;2Chji@8;GQG/<]8H>CB5<?PL<?>@Â�iAPL<X8.BAM`:AG/T5hjNbIQ<?POJX-

N ÃF<?P �·8;2C�5JOR.THPL�?2A6�R.TH>
U`<?>b25JL�?<XPZ��Â�iAPL<X8HBCM]G/IQ<?6HJ»BA8HPOIQ>��"BA8HMLMËiAIQ<?PL:=<?I���2AG/JOI/�
JOiCPO<t8HB5IQ>A6�8;254¡8;GQG/<X>�UW<?JOPLI/<X:CMLMZY5MZJO<?[\<X>¯B52APjhji547¶AiCPO:C8HP�IQMZJX-

� &#'!��)�� !#��� � $#)+*-, � &���� � � �")��1�(� ���-� � �
	 � � �%*-�

N Å�> U`<?JOPLI/<X:CMOMOY5MkJL<?[\<?> �gf�IQ<Ç�bTHG­8;PLIQM·RHT.> �b2A> 2A>CB !¦I/>gB5T)f3MFªFÂ^�ÁfW<XPLBA<?>E�X2AP
 �<t8;GQIQMOI/<XPO2C>A6¼RHTH>�Â�iAPL<X8.BAM�MOTH6H<X>C8;>C>.JL<²G/<XIQhji9JO6.<?f�I­hji9JOIQ6H<²~�PLTH�?<tMOMO< � Ê I/6.i.JO�
f`<?IQ6Hi9J�~�POT5h?<XMLMZ<tMWT5B5<XP3É^<?PL>A<?G/��Â�iAPO<t8HBAM �	RH<?PLf`<?>CB5<?JX-

N ±�<?6.<?>b¶A:=<?P"<?IQ>A<?[ iA<XPON.ÆH[\[\G/I­hjiA<X>Ë~�PLTH�?<tMOM :g<tMkJL<?i9J°BA8HM"��T5B5<?GQG9G/<XIQhji9JO6.<?f�I­hji5�
JOIQ6H<XP�~�PLTH�?<tMOMO<^8;2CMX�

# ~�POT.6HPj8;[\[»��:=<?�XTH6.<?>A<X>3Å�>547THPL[�8)JLI/T.>A<?>��?f�I/<�B5<X[�6.<?[\<?IQ>CML8;[\<?>^0�B5PL<XMLMZPj8;2C[V�
B5<?> �=2A6.POI/Ä MOPL<Xhji9JO<X>S2A>CB@Ã�8)JL<?I­B5<XMONbPOIQ�5JOT.PO<X>¯[\<XiAPO<XPO<XP�Â�iAPO<t8HBAMX-

# Â�iAPO<t8HBb�$:=<?�?T.6H<X>A<?>FÅ�>547THPL[�8)JOIQTH>C<?>��af�IQ< �=2CMZJL8H>CBÁ�?� 8HMLhjiAI/>C<?>CMZJL8;JO2CMX� ~�PLI/TH�
POI/JLK;J�2C>CB��9JL8.hjN�47¶AP·�·>.JL<?PL�APLTH6HPj8;[\[�8;2A47PO2547<.-

N  �<thjiA<?>b:=<?PL<?I/JO<	Â�iAPL<X8.BAM�IQ>A>A<XPOig8;GQ:]<?IQ>A<XM&~�PLTH�?<tMOMO<XM�NHTH>CN92CPOPLI/<XPO<X>F2C[ B5I/<W~�PLT;�
�?<tMOMOTHPL<?> -�Ã·<XPË~�PLTH�?<tMOM^I­MZJË<?IQ>©MkJj8)JOI­MLhjiA<?P]Å�>547T.PO[�8;JOIQTH>CMOPL8HiA[\<?> 47¶APz[\<?iCPO<XPO<
B5Yb>C8H[»I­MLhjiV8H2CMZ6.<a47¶AiCPZJL<^Â�iCPO<t8HBAMX-
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N ��2AG/JOI/JOiAPL<X8.B5I/>C6�8H254CU`<aJOPLIQ<?:CMLMZY5MZJO<X[»<X:g<X>A<	I­MZJ"I�- 8C-)8;[ �C<a�5IQ:g<XGQMZJO<X>zIQ>£B5<XP&~	POTH�
�?<XMLMOTHPL�?25JL<?IQG/2A>C6£2A>gB¯IQ>CMO6H<tMO8H[ËJ38;[ MLhjiA>A<XG/G­MZJO<?> -

�g8HMZJ	8;GQG/<�[\T5B5<?PL>A<?>�U`<aJLPOIQ<?:gMOMOY5MkJL<?[\<W2C>.JL<?PjMkJL¶5JO�X<?>���2AG/JOI/JOiCPO<t8HB5IQ>A6]�?2C[»IQ>CB5<tMkJ	8H254
B5<XP�UW<X>b25JO�X<?PL<?:=<?>A<�[\<?I­MkJ38;:=<?P�8H254"B5<XP�UW<?JOPLI/<X:CMLMZY5MZJO<?[\<X:g<X>A<H-503GQGQ<?PjB5I/>C6.M�MZIQ>CBVB5IQ<
Â�iAPL<X8.Bb��UWIQ:AGQI/THJOiA<XNH<X> IQ>��5Y9>9Jj8)� 2A>gB²�5<?[�8;>9JOIQNE2A>9JL<?PjMOhjiAIQ<XBAG/I­hji�-Áº�IQ>A<SMZJL8H>CBA8;PjB5I/�
MOI/<XPZJL<��5hjiC>AI�JOJLMZJO<XG/GQ<H�b~3,^�bÅ �·�$Â�iCPO<t8HB � ~°JOiAPL<X8.B0� �bf�IQPLBÇ>A<?:=<?>@B5<?P`iA<XPLMZJO<XG/GQ<?PL<?IQ6H<X>A<?>
IQ>@G/<?JO�aJL<?P��=<XI�J3�X2A>A<XiA[\<?>CBV�?2CP�®°<?PO47¶A6H2A>C6»6.<XMZJO<XG/G/JX-

� ��� � H & ��
U8:?!&�./57 #03./?!&�&�$<"X$'&�-/2!�����!$<8 ��8D? � $'5357$
�bT)f`THiCG5~�POT.�?<tMOMO<�8;G­M°8;2Chji�Â�iAPL<X8.BAM¡NHÆ.>A>A<?>\>A<X:g<X>AG­K;25«C6ËMO<?IQ>�-;Å�>�B5IQ<XMO<?[c03:gMOhjiA>CI�JOJ
I­MkJ]B52APjhjiA6.<?iA<X>CB�RHT.>E~�PLTH�X<XMLMZ<X> B5IQ<  �<tB5<H-ÁÃFI/< � :=<?PLGQ<?6H2C>A6H<X> MZIQ>CB 8;:=<?P^6H<X>C8;2CMOT
47¶APFÂ�iAPO<t8HBAM`6.¶AG�JLI/6g-

! <?>A>@~�PLTH�X<XMLMZ<�I/>V<?IQ>A<XP`:=<XMZJOIQ[\[ËJL<?>  �<?IQiA<X>547THGQ6H<^8;2CMO6H<?47¶AiAPOJ`f`<?PjB5<X>¯[£¶CMOMO<?> �
MOI/>gB©MZIQ<SR.TH>A<XI/>g8;>CB5<XP£8H:AiCK;>C6HIQ6C-&ÃFIQ<XMO<¯03:CiCK;>A6.I/6.NH<XI�JzN)8H>A>©�?f`<?I�±�PL¶A>CB5<¯iC8;:=<?>��
º�>9Jkf`<XB5<XP£B5IQ<S~	POT.�?<XMLMO<ÇNHTbTH�=<?PLIQ<?PL<?>�� B�- i�-¡MOI/<¯G/Æ9MZ<X>©Â <XI/G­8;2547698;:=<?>©<XI/>C<?P»±�<tMO8H[ËJO�
8H25476.8H:g<.�.T5B5<XP�MOIQ<FN.TH>ANb2APLPOIQ<?PL<?> �.BÁ- i�-5B5IQ<�0·N.JLI/RbI/JLK;JO<?>@B5<XP`~	POT.�?<XMLMO<3NHÆ.>A>A<?>¯<?IQ>C8;>A�
B5<XP¡:g<XiAI/>gB5<?PL>�-;03GQGQ<?PjB5I/>C6.M¡MOhjiCG/IQ< �.<?>£ÉFTbTH�=<?Pj8)JLI/T.>]2A>CB»É·T.>ANb2APOPL<?>C��<?IQ>C8;>gB5<?P¡>AI­hji9J
8H2CM?-AÉFTbTH�=<?PLI/<XPO<X>CB5<F~�POT.�?<tMOMO<^�?2AP3Ê Æ.MO2A>A6»RHTH>@Â&<?IQGQ8H25476.8H:g<X>¯N.TH>ANb2APLPOIQ<?PL<?>ST;4 J32A[
U`<aJLPOIQ<?:gMZ[\I/JZJO<XG�f�IQ<�~	POT.�?<XMLMOTHPL<?>ST5B5<XP·�b�=<?I­hjiA<?Pt-

ÃFI/< ÉFTbTHPjB5IQ>C8)JLI/T.>
RHT.>¦É·TbTH�=<?Pj8)JLI/T.>
2A>gB¦É·T.>ANb2APOPL<?>C�¯R.TH>¼~�PLTH�?<tMOMO<?>¬>A<X>A>9J
[�8;>E�bYb>ChjiCPOT.>AIQML8)JLI/T.>�-5º�IQ>A<£�bYb>ChjiCPOT.>AIQML8)JLI/T.>¯:CPOIQ>A6;J·BAI/<z0·N9JOIQR9I/JLK;JO<X>�RHTH>V~�PLTH�X<XMZ�
MO<?>»I/>\<XI/>A<  �<XI/iC<?>547T.G/6.<H�;BÁ- i�-HB5IQ<3�3>g8;:AiCKH>A6HIQ6HN.<?I/J¡BA<?P�032gMk47¶AiCPO2A>C6.MOPO<XI/iA<X>547THGQ6H<�B5<XP
0·N.JLI/RbI/JLK;JO<?>@R.TH>V~�POT.�?<tMOMO<?>¯f�I/PjBS<XI/>C6H<XMLhjiAPjK;>AN9Jt-

U`<?I5B5<XP&[\<?iCPLMO<?I/JOIQ6H<X>£�bYb>ChjiAPLTH>AI­ML8)JOIQTH>]f�IQPjBËRH<XPOiCI/>CBA<?POJX�XBC8HMLM&0·N.JLI/RbI/JLK;JO<?>£<?IQ>A<XM
~�PLTH�X<XMLMZ<tM¡6HGQ<?I­hjiA�?<XI�JLI/6^[\I/J	:g<tMkJLI/[\[zJO<?>¯03N9JOIQRbI�JjK)JO<X>�8;>CB5<XPO<XP°~�PLTH�?<tMOMO<3MZJL8)JOJZ«C>gB5<?>��
B5IQ<  �<?IQiA<?>A47THGQ6H<¯BA<?P�03N9JOIQRbI�JjK)JL<?> MO�AIQ<?G/J»iCI/<XPO:=<?I�NH<XI/>C<  �T.G/GQ<H-¡U`<?I�B5<XP»<XI/>gMZ<XI�JLI/6.<?>
�bYb>ChjiCPOT.>AIQML8)JLI/T.>zf�IQPLB�BC8)47¶AP�6.<XMOTHPL6;Jt�xBC8HMLM°:g<tMkJLI/[\[zJO<·0·N.JLI/RbI/JLK;JO<?>�<XI/>C<XM°~�PLTH�X<XMLMZ<tM
<XPLMZJS>C8.hji¦:g<tMkJLI/[\[ËJL<?>�03N9JOIQRbI�JjK)JO<X>�8;>gB5<?PL<?PÇ~	POT.�?<XMLMO< B52APjhjiA6H<?47¶AiAPOJSf`<?PjB5<?>�-WÅ�>
:=<?I­B5<?>��¡K;GQGQ<?>V[z¶CMLMZ<X>�03N9JOIQRbI�JjK)JO<X>@2�- �z-ARH<XPO�XÆH6.<?POJWf`<?PjB5<?>�-

~�PLTH�X<XMLMZ<�R.<?PjMZT.PO6.<?>^MZI­hji]6H<X6H<X>CMZ<XI�JLI/6�[\I/J&Å�>547T.PO[�8;JOIQTH>A<X>�-XÃFI/<tMZ<X>Ë®°THPL6.8H>A6�>A<X>A>9J
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:=<?PL<Xhji9JOIQ6H2A>C6 �W2A>CBVÂ <XI/GQ<ËB5<XP3ÃF8;JO<?I fW<XPLB5<X>SIQ>�B5<?>�03PL:=<?I/JLMLMZ�=<?I­hjiA<?P�JLPL8H>CMZ47<a�
PLI/<XPZJt�52A[ MLhjiA>A<XG/GQ<?P3BA8HPL8H254 �X2A6HPL<?I/47<?>V�?2@NHÆ.>A>A<X>�-

N �5hjiAGQIQ< �H<X> � -WGQT.MO<��a�=ÃFIQ<»Ã�8)JL<?> BA<?P]ÃF8;JO<XI&f`<?PjB5<?> RHTH[�0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPF<X>.JO�
47<?PL>9JV2C>CB�6.6;4k-�8;2A4£B5IQ<²Ã�8)JL<?I^�?2CPO¶ChjNb6.<XMLhjiAPOIQ<?:=<?> -`ÃF<?P@~�G­8)JL� 47¶APEBAI/<²ÃF8;�
JO<XIQ8;JZJLPOIQ:A25JL<EI/[�0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPÇf�I/PjB¼<?:=<?>A4 8;GQGQMS47PO<XI/6.<?6.<?:=<?>�-	0·PO:=<?I/JO<X>¦I/[
Ã�8)JO<XI/IQ>AiC8HG�J·MOIQ>CBV>92C>¯f�IQ<XB5<XP�<?PjMkJ�>C8.hjiVBA<?[ � Ä >A<X>@BA<?P3Ã�8)JO<XI�[\ÆH6.G/I­hji�-

N Ê�<tMZ<X> �' �<t8HB0�a�Hº�IQ>A<F:g<tMkJLI/[\[ËJL<F0·>A�X8HiAGgR.TH>�Ã�8)JO<X>Çf`<?PjB5<?>�8;:ÇBA<?PW8HN9JO2A<XG/GQ<?>
~¡T.MOI�JLI/T.>^I/>ËB5<XP Ã�8)JO<XIHIQ>]<?IQ>A<?>]~	25Ä=<XP IQ[�0·PO:=<?I/JLMLMO�g<XIQhjiA<XP�6H<XG/<tMZ<X>�-?ÃF<?>]~�2AÄ=<XP
[z2gMOM�BA8.M�8;2547PL2547<X>CB5<]~�PLTH6.PL8H[»[ �X2AP�®°<?PO47¶A6.2A>A6�MkJL<?GQG/<X>�-

N �5hjiAPL<?IQ:=<?> � ! PLI�JL<�� �¡Ã�8)JO<X>�fW<XPLBA<?>�8;:©B5<XP£8HN.JL2A<?GQGQ<?>²~¡T.MOI�JLI/T.>�6H<XMLhjiAPLI/<X:g<X>�-
ÅkMZJWB5IQ<·8;N9JO2C<?GQG/<3~¡T9MZI/JOIQTH>�8;[cÃ�8)JO<XI/<X>CB5<.�.MOT]f�I/PjB�B5IQ<·ÃF8;JO<XICRH<XPO6.POÆ �H<XPZJt�tMOTH>CMZJ
f`<?PjB5<?>¬RHT.POiC8H>CB5<X>A<�ÃF8;JO<?>¼¶A:=<?PjMLhjiAPOIQ<?:=<?> -	ÃF8.MS�5hjiAPL<?IQ:=<?>¼6H<tMOhjiAIQ<?i9J�[\<?I/�
MZJO<?>gM�<?:=<?>54 8HG/G­M�6H<X�A25Ä <?POJX-

N 03>A47¶A6H<X>��¤03�A�=<?>gB0� ���3IQ<?P3f`<?PjB5<?>VÃF8;JO<X>@8H[ Ã�8)JL<?IQ<?>CB5<]8H>A6H<?47¶A6;Jt-

N �b2ChjiC<?> �¤�5<?<?N��a�XÃF<?P&�b<X<?N9��UW<?47<?iAG9MZ2ghji.J�<XI/>C<�:g<tMkJLI/[\[zJO<�~¡T.MOI/JOIQTH>^I/>ËBA<?P&Ã�8)JL<?I��
8;2A4WB5IQ<\BAI/<\8;N9JO2C<?GQG/<»~¡T.MOI�JLI/T.> B5<XP^Ã�8)JL<?I°�X2A[³Ê�<tMZ<X> 2A>CB²�5hjiAPL<?IQ:=<?> 6.<XMO<aJL�aJ
f�IQPLBÁ-

�	��� �JK �E-/$LKM$'& 03./$<8:�	&��!5GF ���!��-/.���
U6!$'.103$'& $'./&�$'5 �  403$'.;F
57HI5J03$LKM5

Ã�8)JL<?>�8;2gM�ÃF8;JO<?IQ<?>@2A>gBS®°<XPO�X<?I­hjiA>AI­MOMO<?>VfW<XPLBA<?>¯8H254°UWGQÆ5hjNH<X>S<?IQ>A<XP3�A<XMZJO�CGQ8;JZJO<]2C>5�
JL<?PL6H<X:APL8.hji9JX-&Ã�8;iC<?PzI­MZJ»<tMz032A476.8;:=<@B5<XM»ÃF8;JO<XIQMOY5MkJL<?[�M?�"B5IQ< �=2CTHPjB5>b2A>A6��?f�I­MLhjiA<?>
BAI/<tMZ<X>@U`GQÆ5hjNH<?>¯2A>CB@B5<X>@Ã�8)JL<?IQ<?>V47<XMZJO�X2AiC8HG�JL<?>�-

�#������� � � *(��� ��& ��) � � � '��  �� �

ÃFIQ<W<XI/>54 8.hjiCMZJO<	��<?JOiAT5B5<WIQMZJX�xB5IQ<	Ã�8)JO<X>zB5<XP"Ã�8)JL<?I9I/>z8H2547<?IQ>C8H>CB5<?PO47THGQ6H<X>CB5<X>^U`GQÆ5hjNH<?>
BA<?P3�A<tMkJL�AG­8)JZJL<^�?2@MZ�=<?I­hjiA<?PL>�-5ÃFI/<^®°<?PLf�8;G/JO2A>A6»I­MkJ�<?IQ>54 8Hhji � �=2 �k<tB5<?P3Ã�8)JL<?IÁ:APj8;2Chji9J
>b2AP"B5IQ<�03>54 8H>A6.MO:AGQTbhjNb>b2A[\[\<?P�2C>CB]B5IQ<�03>A�t8;iAG9B5<?P U`GQÆ5hjNH<¡I/>]<XI/>C<?P Â"8;:=<?GQG/<	<?PL[»<XPON9J
f`<?PjB5<X>�- ! <?I/JO<XPOiCI/>¯IQMZJ�BC8HM`Ê 8HBA<?>SB5<XP`Ã�8)JL<?I=I/>VB5<?>V03PL:g<XI�JjMOMO�=<?I­hjiA<?PWI/>¯<?IQ>A<?P�,F�g<?�
Pj8)JLI/T.>£[\Æ.6HGQIQhji»2A>CB\BA8HiA<?P°MLhjiA>A<?GQG�-;~�PLTH:AGQ<?[�8)JLIQMLhjizI­MZJ	BA8HM¡®°<XPZ4 8HiAPO<X>��;BA8^B5IQ<3Ê KH>A6H<
BA<?P�ÃF8;JO<XI=:=<?IÁB5<XP`0·G/GQTHN)8;JOIQTH>Ç:=<?PL<?I/JLMW47<XMZJLMZJO<XiA<?>¯[z2CMLM �9B5Yb>C8H[\IQMLhjiÇf�8HhjiCMO<?>CBA<·ÃF8;�
JL<?IQ<?>�MOI/>CB¯>AI­hji9J�:=<?PL¶ChjN5MOIQhji9JOIQ6;Jt- ! <XI�JL<?PLiAI/>@f�IQPLBVB5<XP`~	GQ8;JZJO<X>A�AG­8)JL�][»I/J·B5<XP�� <?I/J3I/>
NbGQ<?IQ>A<£�9JL¶ChjNH<^47Pj8;6.[\<?>9JOIQ<?POJX�CMOT�BA8HMLM3B5IQ<z0·2CMZG­8HMZJO2C>A6ÇB5<XMF�b�g<XIQhjiC<?PjM3MOhjiCG/<thji.J3f�IQPjBÁ-
�¤ª32AP·�?2CML8;[\[\<?>AigK;>A6.<?>CB5<]U`GQÆbhjN.<�MOIQ>CB¯47¶AP3B5IQ<Ë03GQG/T.Nx8;JOIQTH>VRH<XPOf`<?>CBA:C8;Pt- �
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Datei 3 und Datei 5
werden gelöscht

Zerstückelung: Datei 6 kann nicht untergebracht werden,
obwohl der Platz ausreicht.

gelöscht
Datei 4 wird Datei 6 wird

allokiert

Zeit

Zu allokierende Dateien

Fest angeordnete zusammenhängende Speicherbereiche

Datei 2

Datei 3

Datei 4

Datei 5

Datei 6

Datei 1

Datei 1

Datei 2

Datei 3

Datei 4

Datei 5

Datei 4

Datei 2

Datei 1

Datei 2

Datei 1

Datei 6

Datei 2

Datei 1

�-� ��� 
 ��������� � � � � ��� )�� � ��� � * � '��  �� �%*

�·[ B5<X[ ~�PLTH:CG/<X[ B5<?P£�APj8;6H[\<X>.JLI/<XPO2C>A6¯�X2²:g<X6H<?6.>A<?> �ÁNx8H>A>²�H- U�-�<?IQ>A<�RH<XPON.<aJOJO<aJL<
Ê IQMZJO<ËR.TH>�U`G/Æ5hjN.<?>@RH<XPOf`<?>CBA<aJ3f`<?PjB5<?>�-��3IQ<?PL:g<XI <X>.JLiCK;G/J �k<tB5<?P�UWGQT5hjNS>A<X:g<X> Ã�8)JO<X>
8H2CM°B5<?PWÃF8;JO<?IgB5I/<Fª32A[\[\<?P	BA<XM°>C8.hji547THGQ6H<X>CB5<X>»U`GQTbhjN5MX-;Ã·<XP�GQ<aJO�?JO<·U`GQT5hjNË<?IQ>A<?PWÃF8;�
JL<?I <?>9JOigK;G/J`<XI/>A<�2A>A6.¶AG/JOIQ6H<F�CTHGQ6H<X:AG/T5hjNb>b2A[\[\<?PW8HGQMWº�>CBA<?NH<X>A>b2A>A6g-�� 2APW®°<XPOf�8;G/JO2C>A6
:=<?>AÆHJOIQ6;J£BC8HMËÃ�8)JL<?I­MZY5MZJO<?[ G/<tB5IQ6HGQIQhji�<XI/>A<¯Ê�I­MkJL<�[»I/J£B5<X>©ª32A[\[\<?PL>²47PL<?IQ<?P£U`GQÆ5hjNH<
2A>gB²<?IQ>A<SÂ"8;:=<?GQG/<Ç[\I/J£Ã�8)JO<XI/<X>�2A>CB�B5<X>©U`G/T5hjNb>b2A[\[»<XPO>�B5<XPË<?PjMZJO<?>©U`GQÆ5hjNH<H-�ÃF<?P
�F8;2A�5JL>C8Hhji9JL<?IQG�IQMZJX�¡BA8.MOMËBA<?PËf�8;iAG/47PL<?IQ< �=2A6.POI/Ä 8;2A4�BAI/<SÃ�8)JL<?I`MZ< �.2C<?>9JOIQ<?GQG/<tMzÊ <XMO<?>
8HG/GQ<?PWRHTHPLiA<XPOIQ6H<X>»U`GQÆbhjN.<3<?PO47THPjB5<XPZJt�;2A[�B5IQ<FU`GQTbhjNb>b2A[\[\<?P	BA<XM �=I/<XG/:CG/T5hjN5M��X2Ç<?PL[\I�JO�
JL<?GQ>�-0�3IQ<?PjB52APjhjiVf�I/PjB¯BA<?P�f�8;iAG/47PO<XI/< � PL8H>CB5TH[ � �=2A6.POI/ÄEG­8;>A69MO8H[V-

Dateiblock 0

Folgeblock 7

Block 4

Dateiblock 0 Dateiblock 0 Dateiblock 0

Folgeblock 0Folgeblock 1

Block 1

Folgeblock 5

Block 5Block 7

Dateiblock 0 Dateiblock 0 Dateiblock 0

Folgeblock 6

Block 6

Folgeblock 3

Block 3

Folgeblock 0

Block 2

Datei 1 Datei 1 Datei 1 Datei 1

Datei 2 Datei 2 Datei 2



� � � ��� 	 ��� � 	 ��� �
� ����� � 
�
 � 	�� 
 � ������� � ���
� � � ����� 
 �����
����
�� 
	�
��	 
A_5,
�#������� ��*($-��� �%)�*#��� � ������� ��� � � �%* � )+� � ��� � * � ' �� ���

�·[ B5<X>V�b2Chjig8;2547f�8;>CB¯B5<?P`�AibY5MZIQN)8;GQIQMLhjiA<X>SU`G/T5hjNb>b2A[\[»<XPW�X2S<XI/>A<X[ G/T.6HI­MOhjiC<?> ,·Ä=�
MO<aJËR.TH[³Ã�8)JL<?I­8;>54 8H>A6V8H2CM^�?2 PL<XB52A�XI/<XPO<X>��ÁN)8;>A>²B5IQ<�Ê�I­MkJL<\BA<?P]RH<XPON.<aJOJO<aJL<?> UWGQÆ5hjNH<
MO<?�=<?Pj8)J^IQ[ 03PL:g<XI�JjMOMO�=<?I­hjiA<?P^6H<XiC8;G/JO<X> f`<?PjB5<?> -=ÃFI/<�U`GQÆbhjN.<£MO<?GQ:CMZJ�<X>.JLiC8;G/JO<X> BC8;>A>
N.<?IQ>A<Ë�AT.G/6.<?:AGQT5hjNb>92C[»[\<XPO>¯[»<XiAPt�AMZT.>CB5<?PL>V>92CP�>AT5hjiVÃ�8)JL<?>�-

10

9

8

7

6

5

4

3

2

1

Physikalischer Block

5

Datei 1

Datei 26

0

0

3

7

1

frei

frei

frei

Ã�8HM �F8;2A�5JL�APLTH:AGQ<?[�MZJO<XG/G/J`iCI/<XPO:=<?IÁB5<XP`>CT;Jkf`<?>CB5IQ6H<F~�G­8)JO��47¶AP�B5IQ<�Å�>CB5<a�b��Â&8H:g<XG/GQ<
BC8;Pt- �"- U�-A:g<XI <XI/>A<XPFU`GQTbhjNb6.POÆ �H<·R.TH>²,zÉ U`Y.JL<Ë6HIQ:5J·<tM�:=<?I <XI/>C<?Pz,z± U`Y9JO<Ë6.POT �H<X>
�C<XMZJO�AG­8)JOJO<Ë,3��U`GQÆbhjN.<�� 
 : / �a-Hº�IQ>A<3U`GQTbhjNb>b2A[\[\<?P°f�IQPLB\8HGQMOT]B52APjhji\e]U`Y9JO< � �)�]U`I�J)�
PL<?�CPLK.MZ<X>.JLI/<XPZJt-0�=2AP�ÃF8HPLMZJO<XG/GQ2A>A6\B5<tM�Å�>CB5<a�¯fW<XPLB5<X>¯8HGQMOT»e»� U`Y.JL<�0·PO:=<?I/JLMLMO�g<XIQhjiA<XP
:=<?>CÆ;JOIQ6;Jt�A2A>C8H:AiCKH>A6HIQ6�BA8xRHT.>Sf`<?G­hjiA<�Ã�8)JL<?IQ<?>@6H<XPL8.B5<�:g<X>AÆ;JLI/6HJ3fW<XPLB5<X>�-

�#����� � ��*($-��� � � *#� � �%*���� � � � $-���

ÃF2APjhji�B5I/<]Å�>gB5<a�b��É^>AT;JL<?>@Â <thjiA>AIQNSf�IQPLBVBA8HM3~�GQ8;JO�X�APOT.:AGQ<?[�6.<?GQÆ.MZJX-��3IQ<?PL:=<?I�6.I/:5J3<tM
47¶CP��k<XB5<^ÃF8;JO<XIÁ<?IQ>A<FNbGQ<?IQ>A<^Â&8H:g<XG/GQ<·47<tMkJL<?P�Ê KH>A6H<F[\I�J3U`G/T5hjN)8HBAPO<tMOMO<?>�-9�"¶AP�B5<?>@�C8HG/G��
BC8HMLMËB5IQ<��?2APË®°<XPZ47¶C6H2A>A6EMZJO<XiA<?>gB5<?>�Â"8;:=<?GQG/<X>A<?IQ>9JOPjK;6H<»47¶AP£B5I/<¯ÃF8;JO<?I	>AIQhji9Jz8H2CMZPL<?I/�
hjiC<?>¬f�I/PjB�47T.G/6.<?>CB5<�Â&<XhjiA>CI/N©8H>A6H<XfW<X>CB5<aJt�¡<?IQ> º�IQ>9JOPj8;6 I/>¼B5<?PÇÂ"8;:=<?GQGQ<¯�X<?IQ6;JÇ8;254
<XI/>C<?> U`GQTbhjN �CBA<?PFMO<?IQ>A<XPLMO<?I/JLM3U`GQT5hjNx8.B5PL<XMLMZ<X>¯<X>.JLiCK;G/J � <?IQ>54 8Hhji�IQ>CB5IQPL<?N9J �a- �.<XB5<XPFÂ"8)�
:=<?GQGQ<?>A<XI/>9JOPj8;6�:=<?�X<?I­hjiA>A<?J·8;G­MZT\IQ>EB5<?P·0·2CMO6.8;>C6.MZJL8;:=<?GQGQ<�>CIQhji9J3<?IQ>A<X>@U`GQT5hjN¯MOTH>CB5<XPO>
RbIQ<?GQ< �7�H- U�-x<?IQ>AI/6.<Wib2A>gB5<?POJ¡U`GQÆ5hjNH<��a-;�bTHGQG�JL<`BA<?P¡~�G­8)JO�`IQ[»[\<XP°>AT5hjiz>AI­hji9J"PL<?I­hjiA<?> �X2A[
BAI/<zÃ�8)JL<?I&2A>9JO<?PL�?2C:APOIQ>A6.<?>��AN)8H>A>�B5I/<tMZ<£Â <thjiA>AIQNSI/JO<?PLIQ<?POJ3fW<XPLB5<X>@<?IQ>EUWGQT5hjNS<X>.JLiCK;G/J
0�BAPO<tMOMO<?>¬RHT.>¬U`GQÆbhjN.<?>��°B5IQ<�BA8;>C>¼BAI/<@<?IQ6H<X>9JOGQIQhjiA<X>¬U`GQT5hjNx8.B5PL<XMLMZ<X>©47¶APÇB5IQ<EÃ�8)JO<XI
<X>9JOiC8HG�JL<?> � B5T.�A�=<?G/J3I/>CBAI/PL<?N9J �`2 - MX- f]-
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einfach indirekter Block

doppelt indirekter Block

I−Node

Block−
nummern

Nr. des dreifach
indirekten Blocks

�U��� �U �-/-1"X$'.�5��E./$'-����(&	.�	9F �  40D$'./5 HI5J0D$LK
�-���-��� ���������%)+ "!(*#)�� ��� & 	 &#*($ � � � $�� )� ! ��)�,�������� � �%)��%*

Ã�8HMVÃF8;JO<XIQMOY5MkJL<?[�RHT.>´�3>AI/�´I­MkJ@iAIQ<?Pj8;PjhjiAIQMLhji¦8;25476.<?:C8H25JX��BÁ- i�-�B5IQ< Ã�8)JL<?IQ<?>�MOIQ>CB
IQ>
�AT.PO[ <XI/>A<tM£U�8H2A[�MË6H<XTHPjB5>A<?JX-&0·GQM»U�8;2A[ f�IQPLB©<?IQ>A<V�9JLPO2CN.JL2AP»:g<X�?<?I­hjiA>A<?JX�¡B5IQ<
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8H25476H<X�?<XIQhjiA>C<aJËf�IQ<�<?IQ> 2C[»6.<XB5PL<?i9JL<?PËMZJOIQG/I­MZIQ<?POJO<XPËU�8;2A[ 8;2CMLMZIQ<?i9Jt-Á®°TH>�B5<?P ! 2APL�?<XG
R.<?PL�?f`<?IQ6;J�MZI­hji BA<?P�U�8;2A[�¶C:g<XP � MZJO<@I/[\[\<?P\[\<?iCPX�°:AI­M\RHT.> B5<X>¬U`G­K)JOJO<?PL>
N.<?IQ>A<
f`<?I/JO<XPO<X>
®°<XPO�XfW<XI/6.2A>A6H<X>
[\<?iCP\8H2CMO6H<?iC<?>�-¡Å�[ �·>AI��b��ÃF8;JO<XIQMOY5MkJL<?[\<?>¬MZ�APLI­hji.J\[�8;>
:=<?I&B5<?>@®°<?PL�?f`<?IQ6H2C>A6.MO�A2A>AN9JL<?>VRHTH>¯®°<?PL�?<XIQhjiA>CIQMLMZ<X>¯T5B5<XP3Ã·IQPL<Xh JLTHPLI/<tM?-

ÃFIQ< ! 2APL�?<XG B5<tM�®°<?PL�?<XIQhjiA>CIQMO:C8;2C[\M�iC<?I �;J3PLT9THJ�2A>CBVf�I/PjBV[\I�J3<XI/>A<X[ 2£IQ[ <X>A6HG�-
MOG­8HMOi :=<?�?<XIQhjiC>A<aJt- ÃFIQ<»BA8HPO2C>.JL<?PLG/IQ<?6.<?>CBA<?>�®°<?PL�?<XIQhjiC>AIQMLMO<ËJOPj8;6.<?>EªF8;[\<?>��ÁB5IQ<£��f�IQ<
8H2Chji¯BAI/<�RHT.>SÃF8;JO<XI/<X>Ç�¡I/[ ~�PLIQ>A�?IQ�Ç47PL<?I f�K;iAGQ:C8;P`MZIQ>CBÁ-A�bIQ<^B5¶APO47<?>¯8H2ChjiÇ[\<?iCP�8HGQM`�
� <?I­hjiA<?>¯GQ8H>A6£MO<?IQ>�-bÅ�>A>A<XPOiC8HG/:S<?IQ>A<XM`®°<?PL�?<XIQhjiC>AIQMLMO<XM�[£¶CMLMZ<X>¯ª·8H[\<?>S<XI/>gB5<?25JLI/6\MO<?IQ>�-
� f�IQMLhjiA<?> ±�POT �;��2A>CB É^GQ<?IQ>CMLhjiAPL<?IQ:A2A>A6Çf�IQPjBE:=<?I°ª·8H[»<X>�� f�I/<£6H<X>A<?PL<?GQG"MOTH>gMkJ^8;2Chji
IQ>��3>AI/�Á�A2A>9JO<XPLMLhjiAIQ<XB5<X>�-

ªF8Hhji547T.G/6.<?>CBË[»Æ5hji9JO<WIQhji»8;254=BA8HM"ÃF8;JO<XIQMOY5MkJL<?[�RHT.>zÊ�IQ>b25�Ë>C8.hjizB5<?[ �"IQG/<tMZY5MZJO<X[
�·I/<XPL8HPLhjibYË�9Jj8;>CBA8HPLBË<?IQ>A6H<XiA<?>�-xº�IQ>A<X>zJkYb�AI­MOhjiC<?>z®°<XPO�X<?I­hjiA>AI­MZ:g8;2A[ �?<XI/6HJ¡BAI/<`47THGQ6H<X>5�
BA<·03:A:CI/G­B52A>A6g-HÃ�8HM�U`IQGQB»I­MkJ�>AI­hji9J�RHT.G/G­MkJjK;>CBAI/6g�;8;:=<?P°<XM��?<?IQ6;J°<XI/>AIQ6H<3BA<?P°f�I­hji.JLI/69MkJL<?>
®°<XPO�X<?I­hjiA>AI­MOMO<H-

bin sbin lib

bin sbin lib

/

etc tmp lost+foundprocboot usr dev home root

local

opt var

log  run  spool

ÃF<?PFUW<?JOPLI/<X:CMLMZY5MZJO<?[\N.<?PL>¯:=<a«C>gB5<aJFMOI­hjiVIQ[�®°<?PL�?<?I­hjiA>AI­M�2):gTbT;J32C>CB@iA<?I �;JF[»<XIQMZJ
2C>AI����7:=<?I"Ê�IQ>92A� �5Rb[\GQI/>b2A� � -

Ã�8HME®°<?PL�?<?I­hjiA>AI­M 2x�CPOT5h :g<XiA<?PL:=<?PL6;JEBA8HM@~	POT.�?<XMLMLBA8)JL<?I­MZY5MZJO<?[@-3ÃFI/<tMZ<tM�I­MkJE<XI/>
~WMZ<X2CB5T5BA8)JL<?I­MZY5MZJO<X[V�ÁBA8.M·RbIQ<?GQ<zIQ>9JO<?PL<XMLML8;>9JO<zÉ^<XPO>C<?GQI/>547T.PO[�8;JOIQTH>A<X>�<?>9JOiCKHG�Jt�ÁB5I/<\B5I/�
PL<?N9J3T5B5<XP�[»I/J·MO�g<X�?IQ<?GQG/<X>¯~�PLTH6.PL8H[\[»<X>¯8H2547:g<XPO<XI�JL<aJ·8H>A6H<tMZ<XiA<?>VfW<XPLBA<?>VNHÆH>C>A<?>�-

Ã�8HM��3>9JL<?PLRH<?PL�?<XIQhjiC>AIQM 2x<?JLhË<X>9JOiCKHG�J�f�IQhji9JOIQ6H<»ÃF8;JO<XI/<X> �?2CP�0�B5[\IQ>AI­MkJLPL8;JOIQTH> B5<tM
�5YbMZJO<X[�M?�)f�IQ<��C8HMLMZf3B��)6HPLTH2A���x�APLT;«gG/<.�X4 MZJL8H:��)<a�5�=THPOJLMX�xiAT.MZJLMX�)POT.25JO<.- h?TH>54k�xIQ>A<aJjBÁ- haTH>A4k�
h?TH>54k- [\T5B52AGQ<XM�2CMOf]-

Å�[c®°<XPO�X<?I­hjiA>AI­M32tJL[\�ÇfW<XPLBA<?>�JL<?[\�gT.PLKHPO<3Ã�8)JL<?IQ<?>S8H:A6H<XG/<X6;Jt�.B5IQ<·>AT.PO[�8HG/<XPOf`<?I­MZ<
MO�CK;JO<XMZJO<X>CM�:=<?I�<XI/>A<X[ ª·<?2CMZJL8HPZJ3B5<tM·�bY5MkJL<?[�M�6H<XG/Æ9MOhji9J�fW<XPLBA<?>VNHÆH>C>A<?>�-

Å�>ÇMO<?iCPWMO<?G/JO<?>C<?>Ç�¡K;GQG/<X>�N)8;>A>ÇB5<XP	®°<XPO�X<?I­hjiA>AI­MZ<XI/>9JOPj8;6^<XI/>A<XP	Ã�8)JO<XIC6.<?GQÆ.MLhji.J�f`<?PO�
BA<?>��xTHiC>A<	BA8.MOM&B5I/<`BA8;�X2A6H<XiAÆHPL<?>gB5<�ÃF8;JO<XI.<X>.JO47<?PL>9J&f�IQPLBÁ-)�bT.GQhjiA<	RH<?PLGQTHPL<?>A<X>^Ã�8)JL<?IQ<?>
f`<?PjB5<X> R.TH[ �&IQGQ<a�k�bY5MkJL<?[»��-WiC<XhjN �74 MOhjN��^6.<a472A>CBA<?>�2A>CB IQ>�G/T9MkJ �·47TH2A>gB f�IQ<XBA<?PË�X25�
69K;>A6.G/I­hjiV6H<?[�8.hji.Jt-

Å�> 2):AI/>©MZJO<XiA<?>²<XG/<X[»<X>9JL8;PL<�U`<?>b25JO�X<?PLNHT.[»[�8H>CB5T.MX� f�I/<�GQTH6.I/> ��GQMX� h?��� [£R 2CMOf]-
Ã�8HMË®°<?PL�?<?I­hjiA>AI­M 2;MZ:AIQ> <?>9JOiCKHG�JË~	POT.6HPj8;[\[�BA8)JL<?IQ<?> 47¶APzB5IQ<�f�IQhji9JLI/69MkJL<?>�032547698;:=<?>
BA<?PW�bY5MZJO<X[zRH<XPOf�8;G/JO2C>A6C�xB5<?PL<?>\032gMk47¶AiCPO2A>C6ËB5<?[c�b2A�=<?PL2CMZ<XP��7PLTbT;J �&R.THPL:g<XiC8;G/JO<X>£I­MkJt�
�.- U�-bIQ>AI�Jt�94 MOhjN\2A>CB¯B52A[\��-5�3>9JL<?PLiC8;GQ:SB5<tM	®°<XPO�X<?I­hjiA>AI­MOMO<XM 2x2CMOP	6.I/:AJ`<tM	>AT5hjiÇ<XI/>C[\8HG
®°<XPO�X<?I­hjiA>AI­MOMO< 2)2CMOP)2):AI/>�2C>CB 2)2CMZP 2)MO:AIQ>�-�Å�> 2x2CMOP)2):AIQ>�:g<?«C>CB5<?J\MOIQhji BA8HM\±�POT9MzB5<XP
~	POT.6HPj8;[\[�BA8)JL<?IQ<?>V<?IQ>A<?P·ÃFI­MkJLPOIQ:A25JLI/T.>��C�.- U�-A69h?h;�C[\8HNH<.�CB52��gG/�APt�A[�8;>�2C>CBV[ËJOTbT.GQMX-
2)2CMOP)2;MZ:AIQ> <?>9JOiCKHG�JË8HG/GQ<Ç�b2A�=<?PL2CMZ<XPZ�$~�PLTH6.PL8H[»[\<.�=B5IQ<�>AI­hji9JË�?2A[ UWTbTHJ^T5B5<XP^47¶APzB5IQ<
0·PO:=<?I/Jz[\I/J£ÃF8;JO<XIQMOY5MkJL<?[\<?>²:=<?>AÆHJOIQ6;JËf`<?PjB5<?>�� �H- UF-&B5I/<�Å�>9JL<?PL>A<aJO�$Ã�K;[\TH>C<\47¶AP]4 JO� �
JL<?GQ>A<aJt�5POGQTH6.I/> �9B5<X>¯Ã�K;[\TH>S47¶AP�B5<?>VÃ·PL2ChjN.<?P	GQ� BS2A>gBÇ~�PLTH6.PL8H[»[\<3�X2AP�®°<?PLf`8HG�JL2A>A6
R.TH>@U`<?>b25JO�X<?PL>¯2gMZ<XPL8.BABÁ�52CMO<?PjB5<?G��52CMO<?PL[\TbB�-

Ã�8HM^®°<XPO�X<?I­hjiA>AI­M 2xGQI/: <?>9JOigK;G/J£�bY5MkJL<?[z:CI/:AGQIQT;JOiC<?NH<X> 8HGQM]MOTH6.<?>C8H>A>9JO<��biC8;PL<XB Ê�I/�
:CPL8HPOIQ<XMX-g�biC8HPO<tB�Ê�IQ:APj8;PLI/<tM�fW<XPLBA<?>�RHT.>�B5<?>E[\<XIQMZJO<X>EÉ·T.[»[�8H>CB5T.M·B5<XMFUW<?JOPLI/<X:CMLMZY9�
MZJO<X[�M B5Yb>C8H[»I­MLhji]�?2AP Ê&8;2547�X<?I/J&BA8H�?2A6.<?:A2A>gB5<?>�-tÃ·<XP&B5Yb>C8H[\IQMLhjiA<�Ê�IQ>AN.<?P�G­BÁ- MZT3:=<a«g>5�



_;� � �������
����� � �����
� ��
���
	�
� 	 �

B5<?J	MZI­hji\6H<X>C8;2CMOT�f�I/<3B5IQ<·B5Yb>C8H[\IQMLhjiA<3�9JL8H>CBA8HPLB5:CI/:AGQIQT;JOiC<?N]47¶AP -	��~�PLTH6.PL8H[\[»<.�x�H- UF-
GQI/: h;- MOTC- �A�9I/>@B5IQ<XMO<?[ ®°<?PL�?<XIQhjiC>AIQMF-5ª3T.PO[�8;GQ<?PLf`<?I­MZ<3ig8;:=<?>V�5iC8;PL<XB¯Ê�IQ:APL8HPOIQ<XMWª·8H[»<X>
B5<XPW�CTHPL[ GQIQ:.�5Yb�H- MOTC- �5- �C- eHeA-)ÃF<?P�B5Yb>C8;[\I­MOhjiC<·Ê�IQ>ANH<XP	ÆHÄ=>A<?JWIQ>SB5IQ<XMO<?[ �C8HG/G=<?IQ>A<�ÃF8;�
JL<?IC[\I/JWB5<X[ ªF8;[\<?>�GQI/:9�5Yb�H- MZTg- �A-;ÃF8.M	�bY5MZJO<?[\�APLTH6.PL8H[\[ GQBChaTH>A«C6ËMZT.PO6HJ	BA8)47¶CPX�HBC8HMLM
B5<XP°ª·8;[\<X>CMZR.<?PLfW<XIQM �7iAIQ<?P°GQIQ:.�5Yb�H- MOTC- � � �¤MZYb[£:gT.G/I­MOhjiC<?P¡Ê�IQ>AN�� MZJO<?JLM°8;2A4gB5IQ<�8HN9JO2A<XG/G­MkJL<
®°<XPLMOI/T.> �X<?IQ6;J �7iCI/<XP]G/IQ:9�bYb�.- MOTC- �5- �C- eHe � -�! <XI�JL<?PL<S�biC8;PL<XB Ê�IQ:APj8;PLI/<tM�:g<?«C>CB5<X>²MOI­hji IQ>
B5<X>��3>9JO<XPOR.<?PL�?<?I­hjiA>AI­MLMZ<X> 2)2CMZP 2xGQIQ: 2A>gB 2x2CMOP)2)G/IQ:�2 �z,H,� 3�A-=Å�> 2x2gMZP 2xGQI/:²MZJO<?iC<?>²:g<XI��
MO�AIQ<?G­MZf`<?I­MZ<3U`IQ:AGQI/THJOiA<XNH<?>\47¶CP - � �£�HÂ"haG 2)Â�N � �.~�ºW±»�b��~�º`±�2CMZf]- 2x2CMOP 2 �z,.,  3� 2xGQI/:
<X>.JLiCK;G/J3U`I/:AGQIQT;JOiC<?NH<X>S47¶CP·BA8HM � !¦IQ>CB5T)f �bY5MkJL<?[@-

U`I/:CG/IQT;JLiA<?N.<?>��)B5IQ<��?2£BA<?>»~�POT.6HPj8;[\[\<?>zMZJL8;JOI­MOhji£iAIQ>A�?2A6.<?:A2C>CB5<?>£fW<XPLBA<?>��x:=<a«C>5�
B5<X>�MZI­hji¯<X:g<X>54 8;GQG­M�I/> 2)2CMZP 2xGQIQ:�-5Å�iAPL<^ªF8;[\<?>�MOI/>gB¯R.TH>@B5<?P3�CTHPL[�GQI/:��5- 8C�5�H- U�-AG/IQ: h;- 8
2A>gBÇGQI/:A[@- 8A-bÅ�[ ®°<?PL�?<XIQhjiC>AIQM 2x2gMZP 2xGQI/: 2x6.hXh �$G/IQ:�:=<a«C>CBA<?>¯MOI­hji¯B5IQ<FR.TH[c6.hXh ��-WTH[\�AIQG/<XP
8H:AiCK;>C6HIQ6H<?>VÃF8;JO<XI/<X>�-

Å�> 2x2CMOP�6HIQ:5JË<XM�>AT5hji <?IQ>A<  �<?IQiA<\RHT.> �3>9JL<?PLRH<?PL�?<XIQhjiC>AIQMLMO<?>�47¶APËBA<?>²UW<X>b25JO�X<?PO�
:=<aJLPOIQ<?:�-5Ã�8;�X2S6H<XiAÆHPL<?> 2)2CMOP)2)[\8H>\47¶AP�B5IQ< �·I/G/47< � �E8H>92g8;G/��~°8;6.<XM � � 2x2CMOP)2)I/>ghaGQ2CB5<�47¶AP
-	� �3<t8HB5<XPZ��ÃF8;JO<XI/<X>Ç2A>CB 2x2CMOP 2)MOPLh�47¶CP`~	POT.6HPj8;[\[ �.2C<?GQG/<X>��.f�IQ<]B5IQ<]DF2A<XG/G­BA8;JO<?IQ<?>VB5<XM
Ê I/>b25�b��UW<?JOPLI/<X:CMLMZY5MZJO<?[�MX-	�3[�<XI/>C< B5<X25JOGQIQhjiC< Â&PO<X>A>b2A>A6
BA<?PVTHPLI/6.I/>C8HG/<X>¦Ã·I­MkJLPOIQ:A25�
JLI/T.>¦2A>CB¼GQTHN)8;GQ<?>¦º�PLf`<?I/JO<?PL2A>A6.<?>¼�?2¦<XPOPL<?I­hjiA<X>���6HIQ:5JS<tMÇiAIQ>9JO<XP¯B5<X[¸®°<XPO�X<?I­hjiA>AI­M
2)2CMZP 2xGQT5h?8HG >AT5hji <?IQ>A< �3IQ<?Pj8;PjhjiAI/<.�=BAI/<\IQ[³~�PLI/>A�XI/�²B5<XP 2)2CMOPZ� �3IQ<?Pj8;PjhjiAIQ<Ë<?>9JLMO�APLIQhji9Jt-
ÃF<?P��
�3���bJL8;>gBA8;PjBVRH<?PLG­8;>A6HJX�ABA8.MOM3BAI/<tMZ<tM�®°<?PL�?<XIQhjiA>CIQM�GQ<?<XP3:AGQ<?IQ:5JX- Ã�8;[\I�JFNx8H>A>EBA8.M
6.<XML8;[ËJL< 2x2CMOPZ�$®°<?PL�?<XIQhjiC>AIQMWRHT.>@<?IQ>A<?[��b<?PLRH<XP�8H>�8;GQG/< -WGQI/<X>.JjM�IQ[�ª·<aJO� �¤8;2CMLMLhjiAG/IQ< �H�
GQIQhjiV[\I�J�Ê�<XMO<?PL<Xhji9J)��<?�b�=THPOJOIQ<?POJ�fW<XPLBA<?>�-

Ã�8HM`�3>9JO<XPOR.<?PL�?<?I­hjiA>AI­M 2)Rx8HP�<?>9JLiCK;G/J`Ã�8)JL<?>SB5IQ<FMOI­hji�I/[�±�<?6.<?>CML8)JL�3�?2¯ÃF8;JO<?>SI/[
2)2CMZPF®°<?PL�?<XIQhjiA>CIQM·f`KHiAPO<X>CBEB5<tMFU`<?JOPLI/<X:CM·B5<tM� 3<XhjiA>A<XPLMFK;>CBA<?PL>ENHÆ.>A>A<?>�T5B5<XPF[£¶CMZ�
MO<?>�-"Å�[��3>9JL<?PLRH<?PL�?<XIQhjiC>AIQM 2xR)8;P 2xGQTH6�f`<?PjB5<X> �bY5MkJL<?[\[\<?G­B52A>A6.<?> 6H<XMO�=<?I­hjiA<?POJX�&�H- UF-
8HG/GQ<3Ê�T.6HIQ>5��®°T.PO69K;>A6.<�IQ>\BA<?P	Ã�8)JL<?IAf�JL[»��2C>CB��bY5MkJL<?[\G/T.6.BA8;JO<XI/<X>£f�IQ<3[\<XMLMO8H6H<tM&2C>CB
f�8;PL>AIQ>A6.MWRHT.[ ÃFKH[\TH>@MZY5MOG/T.6.BÁ-5Ã�8HM��3>9JL<?PLRH<?PL�?<XIQhjiC>AIQM 2xR)8HP)2)PO2A>S<?>9JOiCKHG�J�Å�>547T.PO[�8;�
JLI/T.>A<?>E�X2A[�GQ8H2547<?>gB5<?> �5YbMZJO<X[@�g�.- U�- B5I/<£~�PLTH�?<tMOMO>b2A[\[\<?P3RbIQ<?GQ<?PFÃ�K;[\T.>A<z2A>gBEB5IQ<
8HN.JL2A<?GQG 8;PL:g<XI�JL<?>CB5<X>SU`<?>b25JL�?<?P`IQ>Ç25JO[\��-AÃ�8HM`�3>9JL<?PLRH<?PL�?<XIQhjiC>AIQM32xR)8;P 2)MO�gTbT.GA<?>9JOigK;G/J
Ã�8)JL<?>²RHT.> �E8HI/G�� 2xR)8HP)2;MZ�=TbTHG 2x[�8;IQG �·2A>CB²ª·<?f3M � 2xR)8;P 2)MO�gTbT.G 2)>A<?f3M �·MOT)f�IQ<\ÃFPL2ChjN9�
BA8;JO<XI/<X> � 2xR)8;P 2)MO�gTbT.G 2)G/� B0� -

Ã�8HM 2;B5<?R9�$®°<?PL�?<?I­hjiA>AI­M�:g<XI/>CiC8;G/JO<?J»±�<?PjK)JL<XBA8;JO<?IQ<?> � ÃF<?RbI­ha<tM �a� B5IQ<ÇBA8;�X2²BAI/<X>A<?>��
B5IQ<WU`<X>92AJO�?<XPO<X:g<X>A<�R.THGQGQMZJLKH>CB5IQ6�RHTH>ËBA<?P �F8;PjB5f�8;PL<¡8H:A�?2gMOhjiAIQPL[»<X>�-�!²8;>C>ËI/[\[\<?P&<?IQ>
U`<?>b25JL�?<XPO�APLTH�X<XMLMÁ8;>Ë<XI/>C< �·8HPLBAf`8HPO<XNHTH[\�=TH>A<X>9JO<°ÃF8;JO<X>zMZ<X>CB5<X>ËT5B5<?P&RHTH>ËBATHPOJ G/<tMZ<X>
f�IQG/G�� [z2CMLM�<?P�<?PjMkJ^<?IQ>A<»�?2 B5I/<tMZ<XP�ÃF<?RbI­ha<»6H<XiAÆHPL<?>CBA<£±�<?PjK)JL<XBA8;JO<?I¡ÆHÄ=>A<X>�-ÁÃ·<XPË�bY9�
MZJO<X[zRH<XPOf�8;G/JO<XP�iC8)J^B5IQ<Ë6HGQ<?I­hjiA<?>E�EÆH6HGQI­hjiANH<XI�JL<?>�� �=2A6HPLI/Ä MOPO<thji9JO<]8;254W±�<XPLK;JO<tBA8)JL<?IQ<?>
�X2 <XPOG­8;2A:=<?> �Áf�I/<�:=<?I�8H>CB5<?PL<?>²Ã�8)JO<XI/<X>�-�Å�>CBA<?[³>b2AP]:=<XMZJOIQ[\[ËJO<X>�UW<X>b25JO�X<?PL>��Á:g<XI��
MO�AIQ<?G­MZf`<?I­MZ<	~	MZ<X2CB5TH�$U`<?>b25JL�?<XPO>^THiC>A<WÊ TH6HIQ>5����ÆH6.G/I­hjiAN.<?I/JX� ¶A:=<?P"I/iCPO<	Ã�K;[\T.>A�APLTH�?<tMOMO<
B5<XP��=2A6HPLI/Ä@8H254&B5IQ<^±�<XPLK;JO<tBA8)JL<?I <?PLGQ8H2A:5J`f�I/PjBÁ�bGQ8.MOMO<?>¯MZI­hjiSRbIQ<?GQ<^�bI­hjiA<XPOiA<XI�JjMZ�CPOT.:AG/<?�
[\<�RHT.> R.THPL>AiA<XPO<XI/>¼8;2CMLMLhjiAG/IQ< �.<?>�-°ÃFI/<E47THGQ6H<?>gB5<EÂ&8H:g<XG/GQ<��?<XI/6HJÇª·8;[\<X>¦f�IQhji9JOIQ6H<XP
±�<XPLK;JO<XBC8)JO<XI/<X>¯2C>CBVI/iAPL<^�?2A6.<?iAÆ.POIQ6H< �·8HPLB5f�8;PL<H�
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8H2CM�2x<aJjh�2)�C8HMLMZf3B^<XPO[\I/JZJL<?G/JO<?>zÅkÃ 4 M¡MZIQ>CBÁ�tNHÆ.>A>A<?>£B5I/<W<aÄ <?N9JOIQRH<X>ËÅkÃ 4 M¡8;2ghjiËB5I/<3! <?POJO<
<XI/>C<XM38H>CB5<?PL<?>@U`<?>b25JL�?<?PjM�8;>A>C<?iA[\<?> -

�bJL8;POJO<?JW<XI/>S47PO<X[\BA<?PWU`<X>92AJO�?<XPW>b2A>S<?IQ>�� >CTHPL[\8HG/<tM��W~�PLTH6.PL8H[\[V�98;254 BC8HMW<?P�8;G­MZT
±�PLTH2C�5�"T5B5<XP ,·JLiA<?PjMk��032gMk47¶AiCPOPL<Xhji9JO<�:=<XMOI/JO�aJt�5MZT£iC8)J�B5<?P`<?>9JLMZJO<XiA<?>gB5<·>A<X2A<·~	POT.�?<XMLM
BAI/<�PL<X8HG/<X> 2A>gB <?Ä=<XN9JOIQRH<?>¬ÅkÃ 4 MÇBA<XM�8;2A47PO2547<X>CB5<X>¼U`<X>92AJO�?<XPLMX-°º�P�N)8;>C>¼8HGQMOT²8;2Chji
¶C:g<XP·B5IQ<XMO<XM�~�PLTH6.PL8H[»[�8H254¡<?IQ>V6.<XMLhjib¶5JO�?JO<XM�,F: �k<XN9J�N.<?IQ>A<XMZ4 8;GQG­M��?2A6.PO<XI�47<X>�-

!¦IQGQG5[\8H>»BA<?[�47PL<?[�B5<X>»U`<?>b25JL�?<XP°>92C>£¶A:=<?P�BC8HM"~�PLTH6HPj8;[\[�B5<X> �=2C6HPLI�ÄS8H254g<XI/>
8H>CMOTH>CMZJO<X>Ç6H<tMOhjib¶5JL�aJO<tM ,F:��k<?N9JW<XPO[\ÆH6.G/I­hjiA<X>��.MOTz[£2CMOMW[\I/>gB5<XMZJO<X>CM`<?IQ>A<�BA<?P`<aÄ <?N9JOI/�
R.<?>�ÅkÃ 4 M`8;2A4ÁBAI/<3ÅkÃ�B5<tM�º�IQ6H<X>.JL¶A[\<?PjM	B5<XP�~�PLTH6.PL8H[»[�BA8;JO<XIA6H<tMZ<?JO�aJ�f`<?PjB5<X>�-9±�<X>C8;2
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B5IQ<XMO<XMzG/<XIQMZJO<?J»B5<XP»�b<?JOÅkÃ·�$�E<XhjiC8H>AIQMO[z2gM?-"��I�J�B5<X[ U`<?47<?iAG`hjiA[\TbB©2 ��MË�APLTH6.PL8H[\[
f�IQPLB²B5IQ<�<aÄ <?N9JLI/R.<S�·MO<?PLÅkÃ �k<XBA<XMËU`<?>b25JL�?<XPLMX� B5<XPzBA8HMË~�POT.6HPj8;[\[³8;2gMk47¶AiCPO<X> N)8H>A>
�X2AP£�FMZ<XPOÅkÃ�B5<XM£º�IQ6H<X>.JL¶A[\<?PjM£BA<XMË~	POT.6HPj8;[\[�M?-"��I�J\hjiA[\T5B�2 �F6E�APLTH6.PL8H[\[ 6HIQG/J
BA8.M�<?>9JLMO�APL<XhjiA<X>CB5<F47¶AP·B5IQ<]<aÄ <?N9JLI/R.<]±�PLTH2C�AÅkÃz-

ÃFI/< � :=<?PLf`8.hjib2A>A6EB5<tM �=2C6HPLI�ÄÁMËN)8;>C>©>b2A>
IQ[ ~�POT.6HPj8;[\[ BA2APLhji B5I/<V03:547Pj8;6.<
B5<XP�PL<X8;GQ<?>\�·MO<?PLÅkÃ¦2A>gBÇ±�POT.2A�AÅkÃ´B5<tM�~�PLTH�X<XMLMZ<tM"[»I/J	<XI/>A<X[c�5YbMZJO<X[�8;2547PL254 <?PO47THGQ6H<?> -

º�IQ>A<@03>bfW<X>CB52A>C6 B5<tM»�b<?JOÅkÃ·�$�E<XhjiC8H>AIQMO[z2gMzI­MkJ£47THGQ6H<X>CB5<H�°�bY5MZJO<?[\�APLTH6.PL8H[\[»<.�
B5IQ<347¶CP	>AI­hji9JZ�$POTbT;JO�$U`<X>92AJO�?<XP�8;2CMZ47¶AiAPL:C8HP	MZIQ>CBÁ�9f�IQ<·�H- U�-H�C8.MOMOf3BÁ�.<?PLiC8;G/JO<X>�¶A:g<XPWB5IQ<a�
MO<?>¼��<Xhjig8;>AI­MZ[£2CM �=2A6.POI/ÄÁMZPL<Xhji9JO<@8;2A4�8;>gMZT.>CMkJL<?>¬6H<tMOhjib¶5JL�aJO<E�bY5MZJO<X[\BC8)JO<XI/<X>��°f�IQ<
�.- U�- 2x<?JLh 2x�C8.MOMOf3BÁ-

ÃF<?P·U`<a47<XiAG�G­M`��G 2)<aJjh�2x�g8HMLMZf3BS<?PL6HIQ:5JX�
! ��& ! � ! ! � ! ! ( � �	� � � �	� � ( (���� B ���"! � ����� �  %� �	� &��

ÃF<?P3U`<a47<XiAG�G­M��$G 2x2CMOP)2):AIQ>�2x�C8.MOMOf3B�<XPO6.I/:5Jt�
! ��& � � ! ��� ! � ( � �	� � � � ��� � & ( �)( � ��$ � � � $ � ��� � �  
��
 �  %� ��� &��

0·>²BA<?[ É^<?>A>A�X<?I­hjiA<?>²MËMZJL8;JZJ]� 47¶CPzB5<?> ,Ff�>A<XPËMZIQ<?i9JË[�8;> � BA8HMLM]BA8.Mz�b<aJj�·MO<?PLIQB5�
U`I/J¯6H<tMZ<?JO�?JSIQMZJX-��"¶APVBA8HM@�b<aJ ±�POT.2A�AÅkÃ·�$U`I/JVMZJO¶A>gB5< <XI/>�MV8;>gMkJj8)JZJVB5<XMS�¦:g<XI�B5<X>
±�PL2A�A�=<?>APL<Xhji9JL<?>�-

Å�[ �=2CML8;[\[\<?>CiC8;>A6F[\I�J°B5<?[ � 2A6HPLI�ÄÁMLMOhjib25JL�WMOI/>CBË2�- 8C-x>AT5hji]47THGQ6H<X>CB5<�É·T.[»[�8H>5�
B5T9M�I/>9JL<?PL<XMLMO8H>.Jt-

Ã�8HMVÉ·T.[»[�8H>CB5T©hjiAT)f�>´B5IQ<?>9J@BA8;�X2´B5I/< º�IQ6H<?>9JL¶A[\<?PLNH<?>C>92C>A6 � �FMZ<XPOÅkÃ ��2C>CB
6.6;4 MX-AB5<?>�º�IQ6H<X>9JO¶A[\<?PO�k±�PO2A�C�g<X>A>C8;[\<X> ��±�POT.2A�AÅkÃ ��<?IQ>A<XM ,F: �k<?N9JLM��X2�K;>CB5<XPO> -Cª·8;�
JL¶APOGQI­hji�fW<XPLB5<X>�6H<tMZ<?JO�aJL<z�b<aJLÅkÃ3��U`I�JjM·:=<?I°�5hjiA<X>ANb2A>A6.<?>@RHT.>�~�POT.6HPj8;[\[�BA8)JL<?IQ<?>V�?25�
PL¶ChjNb6H<tMZ<?JO�aJt�ÁMZT.>CMkJËN.ÆH>A>9JL<£[�8;>�MOIQhji �Z8�8;2A4�B5IQ<XMO< ! <?I­MZ<\2A>A<XPOG­8;2C:5JO<X> � 2A6HPLI�Ä
8H254
,F: �k<XN9JO<�47PO<X[�B5<?P�º�IQ6H<X>9JO¶A[\<?P·RH<?PjMLhjiC8)Ä <?>�-

��I/JzB5<?[ É·T.[»[�8H>CB5T¯hjiC6HPL� N)8;>A> [�8;> B5I/<Ç±�PL2A�A�=<?>A�X2A6H<XiAÆHPLIQ6HNH<XI�J�<?IQ>A<XM ,F:A�
�k<XN.JjM3K;>gB5<?PL>�-

��I/JWB5<X[ ÉFTH[\[�8;>CB5T�>A<Xf�6HPL�£N)8;>C>»<XI/>�U`<?>b25JL�?<XP�MZ<XI/>A<�PL<X8HG/<3±�PLTH2A�AÅkÃ�K;>CB5<XPO> �
�.- U�-�N)8;>A>�POTbT;J@BA8HM@ÉFTH[\[�8;>CBAT
>A<Xf�6HPL�´:AIQ>�8;2gMk47¶AiCPO<X>���2A[ÌIQ>�B5IQ< MO<?Nb2A>gBAK;PL<
±�PL2A�A�=<¯:CI/> �?2©f`<XhjiCMO<?GQ>�-¡��I/J\B5<X[�É·T.[\[\8H>CB5TE<?�5I�J»NH<?iCPZJ»<?P»f�I/<tB5<?P»�?2AP\8;G/JO<X>
±�PL2A�A�=<]�?2APL¶ChjN -

�U��� �U �-/-1"X$'.�5��E./$'-���� ./&	)�? 	 5 � � F �( 403$'./57H 5 03$LK � � � � ���
Ã�8HM�ÃF8;JO<XIQMOY5MkJL<?[�RHT.> !¦I/>gB5T)f3MFªFÂ � ªFÂ��¡�Á��ª·Â��"I/GQ<��bY5MkJL<?[ �3N.<?>A>9J�6H<?>g8;2�f�IQ<
�·>AI��V2A>CB@Ã ,^�S>b2AP�2C>CMkJLPO2CN.JL2APLI/<XPZJL<�U`Y9JO<tMkJLPOÆ.[»<]8HGQM�Ã�8)JL<?IQI/>Aig8;G/JO<H-

ÃFI/<�Â"8;:=<?GQG/<�B5<XP\Ã�8)JL<?I­B5<XMONbPOIQ�5JLTHPL<?>
>C<?>A>9JÇMZI­hji
IQ>¼ª·Â��°�
� 8HMZJO<?P��"IQG/<�Â"8;:AGQ<
�¤�E�¡Â�� -	º	I/>¦Ã�8)JO<XIQBA<XMON9PLIQ�5JOT.P�IQMZJS8;G­MZT � [»IQ>CB5<tMkJL<?>CM �\<XI/>´�58;JO��IQ>¼BA<?PÇ�E�¡Â^-WÃFIQ<
0·>A�X8HiAG�B5<?P3Ã�8)JL<?I­8)JOJOPLI/:A2AJO<]IQ>A>A<?PLiC8HG/:V<?IQ>A<XM�ÃF<XMONbPOIQ�5JLTHPjMWI­MZJ3Rx8HPOI­8;:=<?G�-5ÃF8HiA<?P�N)8H>A>
MOIQhjiV<?IQ>�ÃF8;JO<XIQB5<tMZNbPLI/�AJOTHP�8H2ChjiV8H254¡[»<XiAPL<?PL<��E�¡Â`�k�5K)JL�?<]<XPLMZJOPL<XhjN.<?>�-

!¦IQ<¯:=<?IQ[��3>AI/�b�$Ã�8)JL<?I­MZY5MZJO<X[ f`<?PjB5<X>�:g<XI�ªFÂ��°��>b2AP»N9GQ<?IQ>A<VÃF8;JO<?IQ<?>
[»I/J�8;G/�
GQ<?>�0`JZJLPOIQ:A25JL<?>�IQ>²<?IQ>A<?[ �E�¡Â`���58;JO��2A>9JL<?PL6H<?:CPL8.hji.Jt-�±�POÆ �H<?PL<\ÃF8;JO<?IQ<?>�f`<?PjB5<X> IQ>
MOTH6.<?>C8H>A>9JO<?> -WGQ2CMkJL<?PL>@�AibYbMOIQNx8HG/I­MLhji¯6.<XMZJOPL<?25J36.<XMO�g<XIQhjiA<XPZJt-AÃF8H:g<XI R.<?PjMZ2Chji9J3ª·Â��°�9�
-WGQ2CMZJO<?P^[\ÆH6.G/I­hjiCMZJ��Ci9Y5MOI/N)8HG/I­MOhji NHT.>CMZ<XNb25JOIQR@�?2²MZ�=<?I­hjiA<?PL>�- Å�>²B5I/<tMZ<X[ �=2CML8;[\[\<?>A�
iC8H>A6�MZ�CPOI­hji9J�[�8H>¯R.TH>@MZT.6H<?>g8;>A>9JO<X>  32A>CMX�5º�I/>  32A>@IQMZJ3<?IQ>@�?2CML8;[\[\<?>AigK;>A6.<?>CB5<XP
U`<?PL<?I­hjiS[\<XiAPO<XPO<XP�-WG/2gMkJL<?Pt-
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Å�[�:=<XMZJO<X> �g8;GQG":=<XMZJO<Xi9J^B5<X> Ã�8)JO<X>CMZJOPLTH[�8;2CM�<XI/>A<X[  �2A> [\I/JË8;GQG/<X> -WG/2gMkJL<?PL>��

IQ[ MOhjiCG/<thji.JL<XMZJO<X>²�g8;GQGWI­MZJ��k<XB5<XP  �2C>©>b2APz<XI/> -WGQ2CMZJO<?P£GQ8H>A6C-&º�IQ>
�E�¡Â`���A8)JO�¯MZIQ<?i9J
f�IQ<^47THGQ6;J38H2CM?�

Virtuelle Cluster−
Nummer

Logische Cluster−
Nummer

Länge

Datendeskriptor

VCN 0..4
LCN 42..46

VCN 5..9
LCN 7..11

VCN 10..13
LCN 100..103

0 42

5

5

75

4

Run 1

Run 2

Run 3

MFT−Satz

ZugriffsrechteDateinameAttribute

10 100

Datencluster und Runs
!¦IQ>CB5T)f3M]ªFÂ R.<?PLf`8HG�JL<aJ ,F: �k<?N9JL<H�Á�H- U�- �b�=<?I­hjiA<?PjMZ<X6H[\<?>9JL<£T5B5<XPËÃF8;JO<?IQ<?> �Á2A>CB

MLhjib¶5JO�?JËB5I/<tMZ<\R.THP�2A>b:g<XPO<thji.JLI/6HJO<X[ Ê�<tMZ<X>�� � >CB5<XPO> 2A>CB²Ê Æ.MLhjiA<?>�- �3IQ<?PL:=<?I�f`<?PjB5<?>
� 2A6HPLI�ÄÁMLB5TH[�K;>C<?>¼B5<a«C>CI/<XPZJt�	B5IQ<E�?2¼<?IQ>A<X[ ~�PLTH�X<XMLM\6H<?iCÆHPL<?>�-�Ã�8;:=<?I3:=<XMZJO<Xi9JS<?IQ>A<
� 2A6HPLI�ÄÁMLB5TH[�K;>C< 8;2CMS~°8H8;PL<?>¦B5<XP¯�CTHPL[V��,F: �k<XN.JS�£<?PLG­8;2A:5JL< ,F�=<?Pj8)JOIQTH>´8H254zB5<X[
,F:��k<?N9JX-Aº	I/> ,F: �k<XN.J�6.<?iAÆ.PZJ�I�- BÁ-  ]-A�X2@[»<XiAPL<?PL<?> � 2A6HPLI�ÄÁMLB5TH[�K;>C<?>�-

º	I/>Ç~	POT.�?<XMLM¡JLPLKH6;J�IQ> !¦I/>CBAT)f3M	ª·Â¼8H>C8;GQTH6]�X2Ç�3>AI/�»<XI/>C<·U`<?>b25JO<XPOI­B5<X>.JLI�«gNx8;JOIQTH>
2C>CB²<?IQ>A<¯±�PL2A�A�=<?>AI­B5<X>.JLI�«gNx8;JOIQTH>�-"Ã·IQ<XMO<ÇÅkB5<X>9JOI/«CN)8)JOIQTH>²>A<X>A>9J£MOIQhji�0�h?h?<XMLMËÂ&THNH<X>�-
U`<XI�<?IQ>A<?[��bY5MkJL<?[�8;2A47PO254"fW<XPLBA<?>V<?PLfW<XI�JL<?POJO<  �<Xhji9JL<^8H254�,F:��k<?N9JO<]<XI/>A6.<?PjK;2A[zJX-

ÃFIQ<3 �<thji9JO<�8;> ,F:��k<?N9JO<X>z:A�X6HG�-xÃFTH[�KH>A<?>ËN.ÆH>A>C<?>zIQ>z<XI/>C<?P°�E8)JLPOI/�]�H- U�-tf�IQ<W47THGQ6;J
<XI/>C6H<aJLPL8H6H<X>¯MO<?IQ>��

ÃFTH[�KH>A< ÃF8;JO<XI�, ÃF8;JO<XI � �5h?8H>A>A<XP º°JLiA<?PL>A<?J
, PL<X8HB�� f�PLI�JL<H�b<a�5<tha25JL< PO<t8HB PL<X8HB��5f�POI/JO<

� PO<t8HB PO<t8HB
e PO<t8HBÁ�5<?�5<Xha2AJO< PL<X8HB�� f�PLI�JL<

º	I/>A<�MOTHG­hjiA<¯� 8)JOPLI/�²�X2 MO�g<XIQhjiC<?PL>��¡<?PLfW<XIQMZJ»MOIQhji I/>¬B5<?P\~�Pj8)�5I­M£8HGQM»IQ>A< ���XI/<X>.Jt�
BC8zB5IQ<·[\<?I­MZJO<?>Sº�I/>9JLPLKH6H<3GQ<?<XPWMOI/>CB�-9ÃF<XMOiC8;GQ:�f`<?PjB5<?>��X<?IQG/<X>9f`<?I­MO<3T5B5<?P`MZ�C8HG�JL<?>bf`<?I­MZ<
>b2AP·º�I/>9JLPLKH6H<�6H<XMO�=<?I­hjiA<?POJX�AB5IQ<]>AI­hji9J�GQ<?<XP3MZIQ>CBÁ-

U`<XI9<XI/>C<?P"�?<?IQGQ<?>bfW<XIQMO<?>»�b�g<XIQhjiC<?PL2A>A6FMO�APLIQhji9J"[\8H>zR.TH>zMOTH6.<?>C8H>A>9JO<?> -`8H�C8;:CI/GQI�JLI/<tM
� :A�?f]- -`8H�C8;:CI/GQI�JkY9��Ê�I­MkJL<?> �a-9�"¶AP
�k<tB5< �=2A6HPLI/Ä MLB5TH[�KH>A<·f`<?PjB5<?>¯B5I/< ,F: �k<XN.JL<?>¯[»I/J38;GQG
IQiAPL<?>  �<thji.JL<?>V6H<tMZ�=<?I­hjiA<?POJX-

U`<XI3<?IQ>A<?PÇMO�C8HG�JL<?>bfW<XIQMO<?>¦�b�=<?I­hjiA<?PL2A>A6©MO�APLIQhji9J�[�8;>¼RHT.>¬MOTH6.<?>C8H>A>9JO<X>¬0�hXha<XMLM
-WT.>9JOPLTHG3Ê�I­MZJLM � 0�-`Ê�4 M � - !¦I/>gB5T)f3M�ª·Â RH<XPOf`<?>CBA<aJÇ0�-`Ê 4 M?-��.<XBA<?P�º�IQ>9JOPj8;6²I/>¦B5<XP
Ê IQMZJO<�:=<XMZJO<Xi.J�8H2CM°B5<?P¡ÅkB5<X>9JOI/«CN)8)JOIQTH> � U`<X>92AJO�?<XPX�;±�PL2A�A�=<��"<XI/>A<XP� �<?IQiA<�RHT.>  �<thji.JL<?>
2C>CBV<?IQ>A<?[ �"G­8;6g�ABA8HM�8;>C�?<?IQ6;Jt�bTH:@B5I/<  �<thji9JO<^6H<XfW<XiAPZJ�T5B5<?P�R.<?PLfW<XiAPZJ�f`<?PjB5<?>�-bº�IQ>
U`<XIQMO�AIQ<]NHÆH>C>.JL<Ff�IQ<^47THGQ6;J38H2CMOMO<?iC<?>��



�H� � �������
����� � �����
� ��
���
	�
� 	 �

�&G­8;6 ÅkB5<X>9JOI/«CN)8)JOIQTH>  �<Xhji9JL<
<XPOG­8;2A:=< [»I/JL8HPO:=<?I/JO<XP G/<tMZ<X>
RH<XPO:CI/<?JO< �5hjiA[\IQB5J �

<XPOG­8;2A:=< � 8;2gMk47¶AiCPO<X>
<XPOG­8;2A:=< �APj8;>AN.< GQ<XMO<?> �CMOhjiCPO<XI/:=<?>��A8H2CMZ47¶AiAPL<?>

Å�>@B5<?[��bI/>C>A<]B5<?P�0�-`Ê 4 M�RH<XPOf�8;G/JO<?J��·>AI/�S<?IQ>A<]MkJj8;POJ`R.<?PL<?IQ>54 8Hhji9JL<F0�-`Ê��ABAI/<3�k<a�
f`<?IQGQM�>92CP	B5PL<?ICÅkBA<?>9JOI/«CN)8)JLI/T.>A<?>\NH<X>A>9JX�9B5<?>�º�IQ6H<X>9JO¶A[\<?PWB5<XM ,F: �k<?N9JLMX�HB5IQ<·U`<?>b25JL�?<XP
IQ>�B5<?P·±�PL2A�A�=<ËB5<XM�º	I/6.<?>9JO¶A[\<XPLM�B5<tM�,F: �k<XN.JjM�2A>CB@8;GQGQ<^8H>CB5<XPO<X>VU`<?>b25JL�?<XPX-
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Å�>»8;GQG/<X>  �<thjiA>A<?PL>]f`<?PjB5<?>]iA<X25JO<�B5IQ6HI/JL8HG/<W�5�g<XIQhjiA<XP&<XI/>C6H<XMO<aJL�aJt�tB5IQ<W8H:AiCKH>A6HIQ63RHT.>]<?I/�
>C<?[ <a�bJL<?PL>A<?>¯�5I/6.>C8;Gg�?f`<?I=RH<?PjMLhjiAI/<tB5<?>C<3MkJj8;:AIQG/< �=2CMZJLKH>CB5<F8H>A>A<XiA[\<?>ÇN.ÆH>A>A<X>�- � 2AP
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BAI/<\U`<?>b25JO�X<?PFJOPj8;>CMO�C8HPO<X>.J�8;254WMLhjiA>A<XG/GQ<?PL<»�5�g<XIQhjiA<XPO[\<tB5I/<X> 8;:C6H<?:CI/G­B5<aJt-�±�PO2A>gB5GQ8H6H<
BAI/<tMZ<tM·~�PLIQ>A�?IQ�CM�IQMZJ]B5I/<»Ê�T.Nx8HG/I/JLK;J�B5<tMF8.B5PL<XMLMZIQ<?POJO<X> �b�g<XIQhjiC<?PL:g<XPO<XIQhjiCM·:g<XI/[³0·:AG­8;254
R.TH> ~�POT.6HPj8;[\[\<?>�-"Å�>¬<?[\�AIQPOI­MOhjiC<?> �·>9JO<?PjMO2Chjib2A>A6H<X>©f�2APjB5<¯47<XMZJO6H<tMkJL<?GQG�Jt��BA8HMLM\mH�
" 8;GQGQ<?P ,F�=<?Pj8)JLI/T.>A<?>¼<?IQ>A<tM�~�PLTH6HPj8;[\[�M\[\I�J ,X�J" B5<?PSÃ�8)JL<?>¦2A>gB¦UW<?47<?iAGQ< B5<tM
6.<XML8;[zJO<?>V~�PLTH6.PL8H[»[�8.B5PO<tMOMOPj8;2A[�M�MZJL8;JZJZ«g>CB5<?> -C03G­MZT\PL<?I­hji9J�<XI/>@NbGQ<?IQ>A<?PL<?P�MLhjiA>A<?GQGQ<?P
�5�g<XIQhjiA<XPO:=<?PL<?I­hji��tI/>£B5<?[�B5IQ<W8HN.JL2A<?GQG9RHTH[�~�PLTH�X<XMLMZT.P�:g<X>AÆ;JLI/6HJO<X>zÃF8;JO<X>Ë2A>CB£UW<?47<?iAGQ<
6.<?iC8HG�JL<?>VfW<XPLBA<?>��52A[�B5<?>@~�PLTH�X<XMLMZT.P�MOhjiA>C<?GQGÁ6H<?>b2A6»[\I�J·Ã�8)JL<?>@�?2@R.<?PjMZT.PO6.<?>�-

�"¶AP�f�IQ<XBA<?PLiATHG/JO< �=2A6.POI/Ä=<�8H254�Ã�8)JL<?>¬TbBA<?PÇU`<a47<XiAG/<@iC8;J�[\8H>¬8H254FR.<?PjMOhjiCI/<tB5<a�
>C<?>�º�:=<?>A<X>©B5<?Pz�5�g<XIQhjiA<XPOiCI/<XPL8HPLhjiAIQ<\8;2CM  3<?6HI­MZJO<?PL>�� -`8.hjiA<H��0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP]2A>CB
�5<?Nb2A>CBAKHPLMO�=<?I­hjiA<?PËBA8.M^~�PLI/>A�XI/�©BA<?P]~�25Ä <?PL2A>A6 <?>9Jkf�IQhjN.<?G/JX-�ÃFI/<Ç8HN9JO2A<XG/G�:=<?>b25JL�aJL<?>
Ã�8)JL<?> T5B5<?P^U`<a47<?iCG/<»fW<XPLBA<?> BA8H:g<XI¡I/> <?IQ>A<?[�~�2AÄ=<XPËB5<?P�>CKHhjigMkJ^MOhjiA>C<?GQG/<XPO<X> �3IQ<?PO�
8HPLhjiCI/<tMkJL2547<^6H<?ig8;G/JO<?> -A03[ U`<XIQMO�AIQ<?G B5<XP�~3-�4 M3MZIQ<?i9J3BA8.M�f�I/<^47T.G/6HJ�8H2CMX�
N 032A4]BA<?[�~�POT.�?<tMOMOTHPO��-WiCI/� f�I/PjB¼I/>¦<XI/>C<?[¸�"IQPLMZJZ��Ê�<XRH<XG���-`8HhjiA<VRHT.>¦�²:AIQM¯e �

É]U`Y9JO<H�ABA<?P�6H<XPL8.B5<�:g<X>92AJO�aJL<zÂ&<?IQG�B5<XM30·PO:=<?I/JLMLMO�g<XIQhjiA<XPLM`�Xf�IQMLhjiA<?>C6H<?�C25Ä=<XPZJt-
N 032A4^B5<X[ �E8HI/>b:=T.8;PjB�:=<a«C>gB5<aJSMOIQhji¬<?IQ>¬<a�bJO<XPO>A<XP\�5<XhaT.>CBb��Ê�<XRH<?G/��-`8HhjiA<¯RHTH>

:AI­M]�?2¦,Ç� UWY9JL<H� B5<XPË[\I�J»MOhjiA>C<?GQG/<X>��5�g<XIQhjiA<XPO:g8;2CMZJO<XI/>A<X>�8;2CMO6H<XPO¶CMZJO<?J]<?IQ>A<?>
6HPLÆ��.<?PL<?>SÂ&<?IQG B5<tM�03PL:g<XI�JjMOMO�=<?I­hjiA<?PjM��?f�I­MOhjiC<?>A�A2AÄ=<XPZJt-
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N Å�[�03PL:g<XI�JjMOMO�g<XIQhjiC<?P	f`<?PjB5<X>¯�b�=<?I­hjiA<?PL:g<XPO<XIQhjiC<3RHT.>ÇB5<?P��A<tMkJL�AGQ8;JZJL<·T5B5<?P`<?IQ>A<XP
-`Ã3�  �,�� �X2AP3MLhjiA>A<?GQGQ<?PL<?>S®°<XPL8HPO:=<?I/JO2C>A6\6H<?�C25Ä=<XPZJt-

N 03254CB5<X>]�A<XMZJO�CGQ8;JZJO<X>5��-WTH>9JOPLTHGQG/<XPO>�f`<?PjB5<?>^B5IQ<	ÃF8;JO<X>]:g<XI/[ Ê�<tMZ<?�A:A�?f]-x�5hjiAPL<?IQ:5�
RHTHPL6.8H>A6zIQ>@<?IQ>A<?[�±�<?PjK)JL<a��-`8HhjiA<F6H<?�C25Ä=<XPZJt-

� � � �> !-1"E-/$'.;03$<8:5��%$'.���
	$<8
�"¶AP¡03PL:g<XI�JjMOMO�=<?I­hjiA<?Pt�t±�Pj8)«CNbN)8;POJO<X>]T5B5<?P"�A<XMZJO�CGQ8;JZJO<X>5��-`8HhjiA<�f`<?PjB5<X>]iA<?25JL<3�F8;GQ:AGQ<?I/�
JL<?PjMZ�=<?I­hjiA<?P	[»I/JWf�8;iCG�47PL<?IQ<?[ �=2A6HPLI/Ä �' ·0·���  38;>gB5TH[ 0�h?ha<tMOMW��<?[\T.POY��"RH<XPOf`<?>gB5<aJt-
�·I/<XPO:=<?I32C>.JL<?PjMOhjiC<?I­B5<aJ�[�8;>¼�?f�I­MLhjiA<?>¼B5Yb>C8;[\I­MOhjiC<?[  ·0·� � Ã  30·� �\2A>CB¦MZJL8;JOI/�
MLhjiA<?[  30·� �¤�� 30·� �a-

ÃFY9>g8;[\IQMLhjiA<� ·0·� 4 M G­8HMLMO<?>]MZI­hji]�APL<?I­MZf`<?POJO<XP�8;G­M MZJL8;JOI­MOhjiA<°iC<?PjMkJL<?GQG/<X>�-?º�IQ>A<��b�g<XI��
hjiA<XPO�X<?GQG/<	f�I/PjBËBA8H:g<XI.>b2AP"B52APjhjizÊ 8.B52A>A69MOMO�g<XIQhjiC<?PL2A>A6�IQ>Ë<?IQ>A<?[��C<?G­B5<aÄ <?N9JZJLPL8H>CMOIQMZJOT.P
PL<X8HG/I­MZIQ<?POJX-0!¦I/<Ë<XI/>EÉFTH>gB5<?>CML8)JLTHP�I­MkJ�8;2ChjiEB5IQ<zÃ  30·�¸�b�g<XIQhjiC<?PL�?<?GQGQ<Ë<?IQ>A<?[�º�>9JOG­8)�
B5<XRHT.PO698;>A6Ç2C>.JL<?PLfWT.PZ47<X>�-ÁÃF8HiA<?P^[£2CMOM]BAI/<�Ê 8.B52A>A6VIQ> :=<XMZJOIQ[\[ËJO<X> �=<?I/JL8H:CMkJjK;>CBA<?>
<XPO>A<X2A<?POJ�f`<?PjB5<?>�-.�E8;>�>A<X>A>9J`B5IQ<XMO<XM	8;2Chji  �<?47PO<tMZi�-9��<?I­MZJ	f�I/PjB�BA8.M� �<?47PO<tMZi5�k�bIQ6H>C8HG
2A>g8;:AiCKH>A6HIQ63R.TH>ËB5<XP ~�PLTH�X<XMLMZT.P B52APjhjiË<?IQ>A<X>zÃF� 0���-WTH>9JOPLTHGQG/<XP�PL<X8;GQI­MZIQ<?POJX-t03GQG/<XPLB5IQ>A69M
MOI/>gB¯f�K;iCPO<X>CBSB5<XP� �<a47PL<XMOi5���=<?I/J�NH<XI/>A<Ë�b�=<?I­hjiA<XPO�X2A6HPLI�Ä <^[\ÆH6HGQI­hji�-

®·I­B5<XT  30F� 4 M � ®� 30F� �»MZIQ>CB MZ�=<?�XI/<XG/GQ<VBAY9>g8;[\IQMLhjiA<  30·� 4 MX�¡8H254·B5<X>A<?> [\8H>
8H2Chji¯f�K;iCPO<X>CBSB5<XP� �<?47PO<tMZi5���=<XI�J�G/<tMZ<X>@2A>CB@MOhjiCPO<XI/:=<?>VN)8;>A>�� ÃF2C8;G ~"T.PZJL<XB  30F� � -

�9Jj8)JOI­MLhjiA<  30F� 4 M �¤�  30F� �]f`<?PjB5<X> �.- U�-Á47¶CP  �<X6HI­MkJL<?PË2A>gB -`8HhjiA<\RH<XPOf`<?>gB5<aJt-
�bIQ<^:g<tMkJL<?iA<X>�8;2CM�[\<?iCPO<XPO<X>¯Â&PL8H>CMZI­MZJOTHPL<?> �9B5IQ<][\<?I­MkJL<?>CM�IQ>V:AI/�=THG­8;PL<?P�Â&<XhjiA>CI/NÇiC<?PO�
6.<XMZJO<?GQG/J�f`<?PjB5<X>�-C�  30F� 4 M·MZIQ>CBVfW<tMZ<X>9JOGQIQhji¯JO<X2A<?PL<?P�8;G­M�Ã  30·� 4 MX-

 �,�� 4 M �  �<X8.B ,F>AGQYE��<?[\T.POY���f`<?PjB5<X>E¶A:=<?P]�E8HMONH<X>�RHT.[ �3<?PjMZJO<?GQGQ<?P347<tMkJ][\I/J
�b�=<?I­hjiA<XPOIQ>AiC8HG�JER.<?PjMZ<XiA<?>�- �=2A>A<XiA[\<?>CB�MO<aJL�?<?>�MOIQhji�8HG/GQ<?PjB5IQ>A6.M��CPOT.6HPj8;[\[\I/<XPO:C8HPO<
 �,�� 4 MFBA2APLhji �gT.:9f`THiCG&MOI/<zJO<?2CPO<XP�MOI/>gBÁ-=� 8;>E2A>9JL<?PjMOhjiA<XIQBA<aJFiCI/<XPO:=<?I¡~� �,�� 4 M·2C>CB
º�~  ,�� 4 M �7º�Pj8HML8;:CG/<Ë~  ,�� � - Ã·IQ<z~�PLTH6.PL8H[\[»IQ<?PL2A>A6\<XI/>A<tM3~� �,�� <XPZ47T.G/6HJFB52APjhji
8H>AG/<X6H<X>¯R.TH>ViATHiA<X>@�5�C8;>A>b2A>C6H<?> �AB5I/<]:=<XMZJOIQ[\[ËJL<ËÊ�<?I/JO<XPO:g8;iA>A<X>VBA<XM�~� �,�� 2A>bf�I/�
B5<XPOPL2 �CI­hji\�?<XPLMZJOÆ.PO<X>�-HU`<?Ig<?IQ>A<?[ º�~� �,��@��U�8;2CMZJO<XI/>�N.ÆH>A>A<X>�B5I/<��b�g<XIQhjiC<?P	iCI/>A6.<?6.<?>
B52CPLhjiV2AG/JOPj8xR9IQTHGQ<aJOJO<Ë�9Jj8;iAGQ2A>A6\6H<XG/Æ9MOhji9J�fW<XPLBA<?>�-

� ��� � 83"%$'.;03535��X$'. � 
�$<87F��,8:�! !&�./57 #03./?!&
ÃFI/<]�Xf�IQMLhjiA<X>V0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP�2A>CBV~�PLTH�?<tMOMOTHPWJOPj8;>gMk47<XPOIQ<?POJO<X>¯Ã�8)JO<X>A<?IQ>AiA<XI�JL<?>@f`<?PO�
B5<X> 8HGQM]�b�=<?I­hjiA<XPOf`THPOJO<»:g<X�?<XIQhjiA>C<aJX- ! THPOJO<�MOI/>gBEJkYb�AI­MOhjiC<?PLfW<XIQMO<£�C�°,X�A�Áe �ÇT5B5<XP^�H�
U`I/J»G­8;>A6g-¡º�I/>¬f`THPOJO:APL<?I/JO<XP\�b�=<?I­hjiA<XP»I­MZJ\8H2CM»[»<XiAPL<?PL<?> �b�=<?I­hjiA<XPLhjiAIQ�CM\8;2A476H<?:g8;25Jt-
Ã�8;:=<?I�N)8H>A> �k<XB5<tM -WiAI/�²6.<?>C8H2 ,�U`I�JËT5B5<XPË8;2Chji [\<?iAPL<?PL<�U`I�JË<XI/>A<tM ! T.PZJL<XM]MO�g<XI��
hjiA<XPO> - U`<XI�B5<?P�,?�$U`I/JZ��,FPO698;>AI­MO8;JOIQTH>�f`<?PjB5<?> 8;G­MZTV6H<X>C8;2gMZTVRbI/<XG/< -WiAIQ�CM^RH<XPOf`<?>gB5<aJt�
f�IQ<3B5IQ< ! T.PZJL:APO<XI�JL<�I/>�U`I/JW8;>A6.I/:AJX-HU`<?IC�^� UWI/JZ��-WiAIQ�CM°N.ÆH>A>A<X>�8;G­MZT^�Ë� ! T.PZJL<H�HB�- i�-
:=<?IW<?IQ>A<?P ! THPOJOG­K;>A6.<\RHTH>�e �¯U`I/JË6H<X>C8;2¼,X�@�EU`Y9JO<�6.<XMO�g<XIQhjiC<?POJ^f`<?PjB5<X>�- ÃFI/<ÇÉ]8;�
�C8H�?I/JLK;J3I/> ! THPOJO<?>VI­MkJF8HGQMOT»6HGQ<?I­hji@BA<?P3É]8;�g8;�?I/JLK;J�<?IQ>A<XM�-WiCI/�CM3I/>�U`I�Jt-C�"¶AP3NbGQ<?IQ>A<?PL<
É]8H�C8;�XI�JjK)JO<X>ËN)8;>A>£[�8;>»�APOT -WiAIQ�»8H2Chjiz[\<?iCPO<XPO<`UWI/JLM¡MO�g<XIQhjiC<?PL>z2A>CB»MOTF:=<?I56.G/<XIQhjiA<XP
! THPOJOG­K;>A6.<^fW<X>AI/6.<?P -WiCI/�CM·<?IQ>CMO<aJO�X<?>�-=�bI/>gBEB5IQ<]�S�EU`I�JO��-WiCI/�CM·MZTÇT.PO698;>AI­MOI/<XPZJt�bBC8HMLM
��U`I�J3�CPOT -WiAIQ�@6HGQ<?I­hjiA�?<XI�JLI/6�8;2gMZ6.<?GQ<XMO<?>Sf`<?PjB5<X>¯N.ÆH>A>A<X>��AMOT»f`<?PjB5<X>VMZJL8;JZJ3��� >92CP
,]� ! T.PZJL<^6H<XMO�=<?I­hjiA<?POJ�fW<XPLB5<X>�-

ÃFI/<¯�5�g<XIQhjiA<XPLhjiCI/�CM]MOIQ>CB :=<?IQ[ 03PL:g<XI�JjMOMO�g<XIQhjiC<?P � Ã  30F� �^IQ>²�CTHPL[³RHT.> � 8)JOPLI/�
�X<?>S8H25476H<X:C8;25Jt�Hf`TH:=<?I B5IQ<F�E8;JOPLI��5�?<XI/GQ<?>�[\I/J`6.G/<XIQhjiC<?[ �=<?IQG/<X>AIQ>CB5<a�Ç8H2CM	8HG/GQ<?> -WiCI/�CM
B5<tMÇ�b�=<?I­hjiA<?PjM\<?IQ>A<�MZT.6H<X>C8;>A>9JL<@�b<XI�JL<�:AIQGQB5<X>�-	ÃF<?PÇ0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP�RH<?PO47¶A6HJ»¶A:=<?P
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~	25Ä=<XPOPL<?6.IQMZJO<XPX�.I/>VB5<?PW<?IQ>A<��5<?I/JO<^B5<XM��b�=<?I­hjiA<?PjM��Xf�IQMLhjiA<?>C6H<XMO�=<?I­hjiA<?POJ�fW<XPLBA<?>ÇN)8;>C>�-
!¦IQPjB@<?IQ> �b�g<XIQhjiC<?PLfWT.PZJ3¶A:=<?P·<?IQ>A<Ë:=<XMZJOIQ[»[zJO<\�b�C8;G/JO<Ë8.B5PL<XMLMZIQ<?POJX�CBC8HMLM3MZI­hji@:g<XPO<XI�JjM
IQ> BAI/<tMZ<X>©~�25Ä <?PLPO<X6HI­MkJL<?PL>�:g<?«C>CB5<?JX��MOTE[z2gMOM£>AI­hji.J\8;254·BA<?>¬�5�g<XIQhjiA<XP£�X2A6H<X6HPLI�Ä <?>
f`<?PjB5<X>�-gº	PLMZJ�f`<?>C> MZI­hjiE<XI/> ! T.PZJ^8;254	<XI/>C<?P^8;>CB5<XPO<X> �b<?I/JO<\B5<tM�0·PO:=<?I/JLMLMO�g<XIQhjiA<XPLMX�
B�- i�-0�=<XI/GQ<^B5<?P�-WiAIQ�CM?�b:=<a«C>gB5<aJt�9[£¶CMLMZ<X>ÇRH<XPLKH>CB5<?POJO<·~�25Ä <?PLPO<X6HI­MkJL<?P`I/>SBA<?>V�5�g<XIQhjiA<XP
�X2APL¶ChjNb6H<XMLhjiAPLI/<X:g<X>£2C>CB\>A<?2Ç8H2CM�B5<X[ 0·PO:=<?I/JLMLMO�g<XIQhjiA<XP	6.<?GQ<XMO<?>\fW<XPLBA<?>�-HÃFIQ<XM�>C<?>A>9J
[�8H>©<?IQ>A<?>¼�b<?I/JO<X>bfW<thjiCMZ<XG¤-&º�IQ> �=2A6.POI/Ä [\I/J��5<?I/JO<?>bf`<XhjiCMO<?GWIQMZJ\I¤- BÁ-  ]-&� :AI­M»_E[\8HG
G­8;>C6.ML8;[\<?P	8HGQMW<?IQ> �=2C6HPLI�ÄVTHiA>A<��b<?I/JO<X>9f`<XhjigMZ<XG¤-9UW<XIg<XI/>C<?[ �;�.�]� �3��~�PLTH�?<tMOMOTHP°[\I/J
<XI/>C<?P�Â"8;N9JLBA8H2A<?P¡R.TH>»_F>CM¡:=<?>CÆ;JOIQ6;J°[�8;>»�H- U�-):g<XI5<?IQ>A<?P � Y9NbGQ2CMO�?<?I/J¡[»I/JW�b<XI�JL<?>bfW<thji5�
MO<?G=RHT.>�, �H�]>CM°47¶CPW<XI/>A<X>¯�b�=<?I­hjiA<?PL�?2C6HPLI�Ä �)�zÂ"8;N9JO<.-9ÃFIQ<XMWIQMZJWRbIQ<?G=�?2ÇG­8;>A6.<H�.fW<tMZiC8HG/:
[�8H>@8HPLhjiCI�JL<?N9JOT.>AIQMLhjiA<^�E8��.>C8;iC[»<X>S�X2AP�®°<?PL:g<tMOMO<?PL2A>A6�B5<XP·�bI/JO2C8;JOIQTH>@<?PL6HPL<?I/4 JX-

������������������������������������������������������������������������

������������������������������������������������������������������������

Chip 0
Speichermatrix 0

����������������������������������������������������������������������������

����������������������������������������������������������������������������
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������������������������������������������������������������������������ Chip 31
Speichermatrix 31

Bit 0

Bit 31

512 Seiten

8 KBit

8 KBit

Bit 31Bit 0

32-Bit-Wort

4M * 1 Bit Speicherchips (16 MByte)Pufferregister 
für eine Seite (32 KByte)

º	I/>A< 8;PjhjiAI/JO<?N9JLTH>AI­MOhjiC<V�E8��H>C8HiA[\<��?2APVU`<XMLhjiAG/<X2A>AIQ6H2A>C6²BA<?PV�5�g<XIQhjiA<XPO�X2A6HPLI/Ä=<
8H254�Ã  30F� 4 M\I­MZJ\B5IQ<@MZT.6H<?>g8;>A>9JO<@�b�=<?I­hjiA<?PLRH<XPLMLhjiAPjK;>ANb2A>A6g- �3IQ<?PL:=<?I�f�IQPLB©BA<?P�03PO�
:=<?I/JLMLMO�g<XIQhjiA<XPzIQ>�[\<?iAPL<?PL<\6H<aJLPO<X>A>9Jz8HB5PL<XMLMOI/<XPO:C8HPO<»f`THPOJO:APL<?I/JO<S�b�=<?I­hjiA<XPO:CKH>ANH<�8H254 �
6.<aJL<?IQG�Jt-HÃF8;JO<X>��;f�IQ<��H- UF-)®°<XN9JOTHPL<?> �)fW<XPLB5<X>»8H254ÁB5I/<tMZ<�R.<?PjMOhjiAIQ<XBA<?>A<X>»�b�=<?I­hjiA<?PL:CKH>ANH<
R.<?POJO<XI/G/JX- �3IQ<?PL�?2£<?IQ>»U`<XIQMO�AIQ<?G��tÅkMZJ°B5I/<��=YbNbG/2gMZ�X<?I/J¡B5<tM¡03PL:g<XI�JjMOMO�g<XIQhjiC<?PjM ��[�8;G5MZT�G­8;>A6
f�IQ<zB5IQ<zÂ"8;N9JO�X<?I/JFB5<tM�~�PLTH�?<tMOMOTHPjMX�bMOTÇf�IQPLBV<XI/> �b�=<?I­hjiA<XP3[\I�J·�¯U`KH>ANH<X>��CBÁ- i�-g<?IQ>��;�
4 8.hji5�$RH<?PjMLhjiAPLKH>AN9JO<XP°�5�g<XIQhjiA<XPWR.<?PLfW<X>CB5<?JX-.ÃFIQ<F0�B5PL<XMLMZIQ<?PL2A>A6ËBA<?PWU�KH>ANH<3<XPZ47T.G/6HJ	�H- U�-
8H>AiC8H>CB£BA<?P¡G/<?JO�?JO<?>»:=<?I­B5<?>�U`I�J�B5<XP��b�g<XIQhjiC<?PL�AGQ8;JO�t8HB5PL<XMLMZ<W[\I�J �3IQG/47<�<?IQ>A<?P¡<?IQ>54 8.hjiA<?>
º	>.JjMOhjiCG/¶CMLMO<?GQ2A>A6.MOGQTH6HIQN - �=2A[ Ê <XMO<?> <XI/>C<XM^®°<?N9JLTHPjM�BA<?P]�?YbNbGQIQMLhji 8H254`B5IQ<Ç�b�=<?I­hjiA<?PO�
:gK;>AN.<`�F:AI­M°e·R.<?POJO<?IQG/J&I­MkJt�)Nx8H>A>»>92C>z�APLT�Â"8;N9J¡<?IQ>A<�0�B5PO<tMOMO<�8;>£BA<?>£0·PO:=<?I/JLMLMO�g<XIQhjiA<XP
8H>A6H<XG/<X6;Jzf`<?PjB5<X>�-�º�IQ>A<?>¬�b�g<XIQhjiC<?PL�?YbNbG/2CMËTbBA<?Pz� Â&8HN.JL<Ç>C8.hji²0·>AGQ<?6H<X>©B5<?P£<?PjMkJL<?>
0�BAPO<tMOMO<Çf�IQPLB²>b2A>©�CPOT Â"8;N9Jz2C>CB�>AI­hji9J£�APLT �=YbNbG/2gMË<?IQ> ! THPOJ£8;2gMzB5<X[ �5�g<XIQhjiA<XP
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:=<?PL<?I/JO6.<XMZJO<?GQG/JX- !¦IQPzig8;:=<?>�<XM£8;G­MZT�f�IQ<XBA<?PË[\I/J»B5<X[ ~�PLIQ>A�?IQ�©B5<?P»�"G/IQ< �.:C8;>CBARH<?Pj8;PO�
:=<?I/JO2A>C6 T5B5<XP¯B5<tMS~�IQ�=<?GQI/>AIQ>A6¼�?2´JO2A>����=f�8;P¯f�I/PjB´B5IQ<�� Y9NbGQ2CMO�?<?I/JVBA<XM@�b�g<XIQhjiC<?PjM
>AI­hji9J3:g<tMOhjiCG/<X2A>AIQ6;JX�A8H:g<XP�<XM�N.ÆH>A>C<?>V[»<XiAP·Ã�8)JL<?>@�APLT � <?I/J�R.TH>V2A>CB@�X2A[��b�=<?I­hjiA<XP
¶A:=<?POJOPj8;6.<?> fW<XPLB5<X>�-Á03GQG/<XPLBAI/>A69M^[z2CMLM]8;2A4 �k<XBA<?>��C8HG/G°[\IQ>CB5<XMZJO<X>CM]<XI/>A< �=YbNbGQ2CMZ�X<?I/J
8H254&BA8.M	<XPLMZJO<^�b�g<XIQhjiC<?PLfWT.PZJ`<?IQ>A<XM`®°<?N9JLTHPjM	6.<?f�8;POJO<aJWfW<XPLB5<X>�- �H<�GQKH>A6H<XPWB5<XP�6H<XMO�=<?I/�
hjiA<XPZJL<·®°<XN.JLTHP�I­MkJt�bBA<XMZJOT»fW<X>AI/6.<?P	4 K;GQG�J3B5IQ<XMO<^�bJL8;POJO2C�5��� <?I/J`8;:=<?P�PL<?G­8)JLI/R\6H<tMZ<XiA<?>SI/>CM
±�<Xf�IQhji9JX-

4 Takte

4 Takte

4-fach verschränkter Arbeitsspeicher

Bank- Bank-

Adressentschlüsselung

A(2)

A(3)

A(1)

A(0)

index auswahl

00

01

10

11

Adresse A(0)

Adresse A(1)

Adresse A(2)

Adresse A(3)

Zykluszeit

Adressen

Zeitachse

Bank 1

A(1), A(5),... A(2), A(6),... A(3), A(7),...A(0), A(4),...

Bank 0 Bank 2 Bank 3

U`<?ICBA<?P��b�=<?I­hjiA<?PLRH<XPLMLhjiAPjK;>ANb2A>A6·IQMZJ	B5IQ<`®°<XPZJL<?IQG/2C>A6ËB5<?P°Ã�8)JL<?>�8;254 B5IQ<·�b�g<XIQhjiC<?PO�
:CKH>ANH<�8HG/GQ<?PjB5IQ>A6.M^<X>.JjMOhjiC<?I­B5<?>CB�-	! <X>A>�8;2547<XI/>g8;>CB5<XP^47THGQ6H<X>CB5<ÇÃ�8)JO<X>²I/>©B5<XPLMO<?GQ:=<?>
�b�=<?I­hjiA<XPO:C8H>AN]6H<XiC8;G/JO<X>zf`<?PjB5<?> �X[£2CMOM��k<tB5<XM"[�8;G5�=<XMLMOI/[�8;Gb<XI/>A<`RHT.G/GQ<��=YbN9GQ2CMO�?<XI�J¡6H<?�
f�8;POJO<?J3fW<XPLB5<X>��A:AI­M·BA<?P3>CK.hjiCMZJO<ËÃ�8)JO<X>bfW<XPZJ·�X2AP3®°<XPZ47¶A6.2A>A6�6.<XMZJO<?GQG/J·fW<XPLBA<?>@N)8;>A>�-
!¦IQPLB �.- U�-Á<?IQ>A<Ç�E8;JOPLI�� 8;254`<?IQ>A<?>²RH<XPLMLhjiAPjK;>AN9JL<?> �b�=<?I­hjiA<XPË8;:A6.<?:AIQGQBA<aJX�&MZT�MOTHGQG�JL<?>
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BAI/<��E8;JOPLI��5<?GQ<?[\<X>.JL<»MOTVRH<?POJO<XI/G/J^fW<XPLB5<X>��ÁBA8HMLM^8;GQG/<»IQ[³~�PLTH6HPj8;[\[�:=<?>AÆHJOIQ6;JO<X> � 25�
6.POI/ÄÁMZ[£2CMkJL<?Pt�Af�IQ< �=<?IQGQ<?>�� �b�C8;G/JO<X>��gÃFI­8;6HT.>C8;GQ<?>@2CMOf]-CN.TH> �gI/N9JZ47PL<?I��A�C8HPL8HG/GQ<?G&8;2CMFB5<?>
U�KH>ANH<X>¯6.<?GQ<XMO<?>VfW<XPLB5<X>¯N.ÆH>A>C<?>�-

�·I/<XPO�X2\<?IQ>ÇUW<XIQMO�AIQ<?G�� !¦IQPLB\B5IQ<·�E8;JOPLI��»f�I/<�IQ[ T.:g<XPO<X>�UWIQG­B»MO�C8HG�JL<?>bfW<XIQMO<�8;254�B5IQ<
�5�g<XIQhjiA<XPO:gK;>AN.<�RH<?POJO<XI/G/JX�WMZT�N)8;>C>¼8H254 �=<?IQGQ<?>��`Ã·I­8;6.TH>C8HG/<X> 2A>gB´±�<?6H<X>CB5I­8;6.TH>C8HG/<X>
�g8;Pj8;GQG/<XGÁ�?2A6.<?6HPLI/Ä=<X>Sf`<?PjB5<?>�-AU`<XI/[�MZ�C8HG�JL<?>bf`<?I­MZ<X> �=2A6.POI/Ä 8;2A4"B5IQ<Ë�E8)JLPOI/�S<X>.JjMkJL<?i9J
8HG/GQ<?PjB5IQ>A6.M�<XI/> �5�g<XIQhjiA<XPO:g8;>ANbNHT.> �CIQN9JX�ABA8�8H2CM�<?IQ>A<?PFU`8H>ANS>CIQhji9J3[\<?iAPL<?PL<Ë�b�=<?I­hjiA<?PO�
f`THPOJO<F6HGQ<?I­hjiA�?<XI�JLI/6£:g<t8;PL:g<XI�JL<aJ�fW<XPLBA<?>ÇN.ÆH>A>A<X>�-5�bTHG­hjiÇ<?IQ>V�5�g<XIQhjiA<XPO:g8;>ANbNHT.> �CIQN9JW<?PO�
�Xf�I/>C6;J·8;G­MOT£<XI/>A<X>�MZ< �.2C<?>9JOIQ<?GQG/<X> � 2A6HPLI�Ä 8H254°B5I/<]:=<aJLPOTHÄ=<X>A<Ë�b�=<?I­hjiA<?PL:C8;>CN=-

ºWM\fW<XPLB5<X>¬8HGQMOT²03:A:AIQG­B52A>A69MZR.THPjMOhjiAPLI/4 JO<?> 6H<tMZ2Chji9Jt�":=<?I3BA<?>A<X>¬[\Æ.6HGQIQhjiCMZJ\R9IQ<?GQ<
T5B5<XP·:=<XMZJOIQ[\[ËJO< �=2A6.POI/ÄÁMZ[£2CMkJL<?P3�g8;Pj8;GQG/<XG�:g<t8;PL:g<XI�JL<aJ�fW<XPLB5<X>�NHÆ.>A>A<?> - �3IQ<?PL�?2�f`<?PO�
BA<?>¼MZT.6H<?>g8;>A>9JO<@�bNH<Xf�I/>C6²�5hjiC<?[�8)Jj8 T5B5<XP\MLhjiAIQ<a47< ,FPO698;>AI­ML8)JOIQTH>C<?>©R.TH>
�E8;JOPLI/�X<?>
R.<?PLfW<X>CB5<?JX-

Bank 1Bank 0 Bank 2 Bank 3

A(0,0)
A(1,0)
A(2,0)
A(3,0)

A(0,1)
A(1,1)
A(2,1)
A(3,1)

A(0,2)
A(1,2)
A(2,2)
A(3,2)

A(0,3)
A(1,3)
A(2,3)
A(3,3)

Bank(A(i, j)) = (d1*i + d2*j) mod m

Hier: Bank(A(i, j)) = (i + 2j) mod 5

Bank 1Bank 0 Bank 2 Bank 3 Bank 4

A(0,0)

A(3,2)
A(2,3)

A(0,3) A(0,1)     - A(0,2)

A(2,1)
A(3,3)

A(1,2) A(1,0) A(1,3) A(1,1)

   - A(2,2) A(2,0)

A(3,1)     - A(3,0)

   -

Zugriffskonflikt beim Spaltenzugriff

Kein Zugriffskonflikt beim Spaltenzugriff (parallele Arbeitsweise)

Skewing-Schema (schiefe Organisation)

ªF8Hhji547T.G/6.<?>CB©f�I/PjB�<?IQ>¬�A8)JO�S47¶AP�B5<?> NHT.> �CIQN.JO47PO<XI/<X> �=2A6.POI/Ä¦8;254·�E8;JOPLI/�X<?>©[\I/J
�·I/G/47<ËR.TH>��bNH<Xf�I/>A6H���AhjiA<?[�8)Jj8ËiA<XPO6.<?GQ<?I/JO<?JX-AÃ�8;�?2@�X2A>CKHhjigMkJ�<?IQ>A<]ÃF<a«C>AI/JOIQTH> �
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±�<?6.<?:=<?>�MO<?I�<?IQ>´R.<?PjMOhjiAPjK;>CN.JL<?PS�b�=<?I­hjiA<XPS[\I�J@[�U�K;>AN.<?>�-`Ã·<XP¯>5�$<?GQ<?[\<X>.JLI/6.<
®°<XN.JLTHPR� � � � / �9� - �E� � � �9� > � - �FiA<?I �;JËBb�$6H<XTHPjB5>A<?JO<?PF>5�$®°<?N9JOT.P�[\T5B52AGQTV[V�Áf`<?>C> BA8.M
º�GQ<?[\<X>.JP� � BA<XM�®°<?N9JOT.PLM�8;2A4WB5IQ<��5�g<XIQhjiA<XPO:g8;>AN�� � � � �#���P� � � ��� ��8H:A6H<X:AIQGQB5<?J
f�IQPLB�-

�"¶AP]�?f`<?I­B5IQ[\<?>CMOI/T.>C8;GQ<\�E8)JLPOIQ�?<X> f�IQPLB BA8HMË�AhjiA<?[�8V8;G­M�� ��� � 	 � 	 ����� ���!-3� 	 �
� : � 	 � � ��� � BA8HPO6.<XMZJO<?GQG/JX-Áº�IQ>A<S�b�C8HG�JL<�IQMZJz8;G­MOTV<XI/>	�!-£�$6H<?T.PLBA>A<aJL<?P^®°<?N9JOT.PX�Á<XI/>C<
�=<XI/GQ<z<XI/>
� : ��6.<?T.PLB5>C<aJO<XP·®°<XN.JLTHPt�C<XI/>A<\ÃFIQ8H6HTH>g8;GQ<Ë<?IQ>��!- ��� : �$6H<XTHPjB5>A<?JO<?P·®°<?N9JOT.P
2A>gB¯<XI/>C<]±�<X6H<X>CB5I­8;6HT.>C8;GQ<�<?IQ>�� : %
� -·��6.<?T.PLB5>C<aJO<XP�®°<?N9JOT.PX-

ÃF<?PF�58;JO�^¶A:=<?P3B5<X>@NHTH> �CI/N9JO47PO<XI/<X> �=2C6HPLI�ÄEG­8;25JL<aJ�>b2A>��C0·254¡<?IQ>A<?>�Bb�$6H<XTHPjB5>A<aJL<?>
>5�$®°<?N9JLTHPz[\T5B52AGQT [ N)8H>A> BA8H>A>©2A>gB©>b2AP\BA8;>A>
NHTH> �CI/N9JO47PO<XIW�X2A6H<X6HPLI�Ä <?>�f`<?PjB5<?> �
f`<?>A> 0

����������� 0��
� � I­MkJt-

ÃF<?P¯U`<XfW<XIQMÇBAI/<tMZ<tMS�58)JL�?<tM�RH<XPOG­K;254 JÇf�IQ<�47T.G/6HJX��º�IQ> �=2C6HPLI�ÄÁMZN.TH> �gI/N9J��?f�I­MOhjiC<?>
B5<X[�N9�¤JL<?>@2A>CBVB5<X[ N��FI���JO<X>Sº�GQ<?[\<X>.J3<X>9JLMZJO<?i9J36.<?>C8H2¯BA8H>A>��5f`<?>A>@IÁ[z2CG�JLI/�AGQIQ�?IQ<?POJ
[\I/J�BA<?P303:C6HPLI�ÄÁMOBAIQMZJL8H>A��B¯<?IQ>V®·IQ<?G/4 8HhjiA<tM�B5<?P�U�8;>ANb�t8;iAG [�I­MkJt-AÃ·<XP�<?PjMkJL< � 2A6HPLI�ÄÁMZ�
N.TH> �CIQN9Jz<?>9JjMkJL<?i9J»8HGQMOT@47¶AP\B5I/<¯NbG/<XI/>CMZJO<X>©�C8HN.JLTHPL<?>�I`2A>CB �]47¶CP»B5IQ< 	 ��� � 	 � �
I­MkJt�=8HGQMOT\47¶AP�B5I/<»�C8HN.JLTHPL<?>�B5<tM·NbGQ<?IQ>CMkJL<?>�6.<?[\<?IQ>CML8;[\<?>�®FI/<XG�4 8.hjiA<?>�R.TH>EB@2A>CBE[ �
� ,�� ���G� � �a-=Ã�8 � ,�� ��� � � ��� � ; 0

����������� 0��
6HIQG/JX�C:=<XMZJOIQ[\[ËJ^MZI­hjiEB5<?PF��I/>gB5<XMZJL8H:CMkJj8;>CB@I

�Xf�IQMLhjiA<?>�B5<X>�Å�>CB5IQ�?<tMË�?f`<?IQ<?PËÉFTH> �CI/N9JL<?GQ<?[\<?>9JO<��X2 0
����������� 0��

-&ÅkMkJ£BA<?P£�EI/>CBA<XMZJL8;:A�
MZJL8H>CB@6HPLÆ��.<?P38;G­M·BAI/<»03>A�t8;iAG"> B5<XP·®°<?N9JLTHPL<?GQ<?[\<?>9JO<.�gMOTÇiA<XPOPjMOhji9J·ÉFTH> �gI/N9JZ47PL<?IQiA<XI�Jt�0
����������� 0��

� �°-
�3IQ<?PL�?2]>b2A>]<XI/>ËU`<XIQMO�AIQ<?G��aÅ�[ �5NH<?f�IQ>A6H���5hjiC<?[�8�B5<?P"�E8)JLPOI/��B5<tM�R.THPLI/6.<?>^UWIQG­B5<XMÁI­MZJ

B5IQ<^®°<?N9JOT.POG­K;>C6H< � � �@�AB5I/<Ë0·>A�X8HiAG�B5<XP3U`KH>ANH< � � M£2A>CBVB5I/<Ë0·:A6HPLI/Ä MLB5I­MkJj8;>A�X<?>
� - � �z2A>CB�� : � 
��gÃ�8Ç8;GQGQ< �=2A6.POI/Ä MLB5I­MkJj8;>A�X<?> � �!� - �"� �!� : �"� �!� - �#� : �"� �� : %#� -Ë~�PLI/[\�X8HiAGQ<?> NbGQ<?IQ>A<?P]8HGQM�B5IQ<»~	POIQ[\�X8;iCG � � M¯MOI/>CB��=I­MZJH,	,%$ ��� �=M��	� �?2C>CB
MOTH[\I/J�iC<?PLPLMLhji9JW47¶AP � �8��ÉFTH> �CI/N9JO47PO<XI/iA<XI�Jt-

Ã�8;[\I�J ,	,%$ ���G� � �3[\ÆH6HGQI­hjiCMkJ�6HGQ<?I­hji�,£I­MZJX�=f`KHiAG�J^[�8;> 8HGQMOTÇ47¶CP�B5IQ<\03>A�t8;iAG°B5<XP
U�K;>CNH<�[»<XIQMZJ3~�PLI/[\�t8;iAGQ<?>�-

� ��� � 83"%$'.;03535��X$'. � 
�$<87F ��$<8 	B !-;03��&��
U`I­MZiA<XPFf�2CPLB5<X> 0FMZ�=<?N9JO<\B5<XP�0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPZ��,FPO698;>AI­ML8)JOIQTH>V:=<XMO�APOT5hjiA<X>�-Á�3[³B5<X>
0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP IQ>Ë<?IQ>A<?P"��<?iCPO�APLTH�X<XMLMk�A:C�?f]-x��<?iAPL:=<?>b25JO�X<?PL2A[\6H<X:A2A>A63<?Ä=<XN9JOIQRF<XI/>5�
MO<aJL�?<?>»�?2\N.ÆH>A>A<X>��)[z¶gMOMO<?>»®°<?PLf`8HG�JL2A>A69MZR.<?PO4 8;iAPL<?>ËR.<?PLfW<X>CB5<?J¡f`<?PjB5<X>��;B5IQ<�47THGQ6H<?>gB5<
��IQ>CB5<tMkJj8;>547T.PLBA<?PL2A>A6H<X>S<XPZ47¶AGQGQ<?>��
N UW<XI/[ ��<XiAPL�APOT.�?<tMOMZ�$U`<?JOPLI/<X:�[£¶CMOMO<?>�~	POT.6HPj8;[\[ËJL<?IQG/<.�·B5IQ<
iCKH25«C6�8HN.JLI/RbIQ<?POJ

fW<XPLB5<X>��5IQ[ 03PL:=<?I/JLMLMZ�=<?I­hjiA<?P�PL<XMOI­B5<?>9J�6H<XiC8;G/JO<X>¯f`<?PjB5<?> -
N Ã·IQ<�0�B5PO<tMOMO:=<?PL<?I­hjiA< B5<XP�UW<X>b25JO�X<?PO�»2A>gB�U`<aJLPOIQ<?:gMOMOY5MkJL<?[»��~	POT.�?<XMLMO<E[z¶CMLMO<?>

2A>9JO<?PL<?IQ>C8H>CB5<?P�6.<?6.<?>¯0�BAPO<tMOMORH<XPOGQ<aJL�?2A>A6.<?>¯6H<XMLhjib¶5JO�?J�fW<XPLB5<X>�-
N ÃF8FB5I/<`±�POÆ �H<	B5<tM 0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPLMÁ�X2AP PL<XMOI­B5<?>9JO<X> �·8HG�JL2A>A6F8HG/GQ<?P ~�POT.6HPj8;[\[»�

2A>CB²ÃF8;JO<X>5�$0·>9JO<?IQGQ<\8HG/GQ<?P]8HN.JLI/RbIQ<?POJO<X> ~�PLTH�X<XMLMZ<»[\<?I­MkJ]>AI­hji9JË8;2CMOPO<XIQhji9Jt�=[£2CMLM
B5<?P°�b<?Nb2A>gBAK;PjMZ�=<?I­hjiA<XP�47¶AP¡B5IQ<`U`<?>b25JL�?<XP�JOPj8;>gMZ�C8HPO<X>9J [\I�J¡<?IQ>b:g<X�?TH6.<?>]f`<?PjB5<?> -

º�IQ>54 8.hjiA<�0·PO:=<?I/JLMLMO�g<XIQhjiA<XPZ�$®°<?PLf�8;G/JO2A>A6.<?>�f`<?PjB5<?>�IQ>¯BA<?>Ç47T.G/6.<?>CBA<?>¯U`IQGQBA<?PL>SBA8;PL6H<?�
MZJO<XG/G/JX�

U`<?I 47<XMZJF�?2gMO8H[»[\<X>AiCK;>C6H<?>gB5<?>�0�B5PL<XMLMZ:=<?PL<?I­hjiA<X>¯<X>.JjMkJL<?i9J·>C8.hjiEB5<?[�º�>CBA<£B5<XP
~�PLTH6.PL8H[\[»< �V2A>gB²��<?IQ>
�b�g<XIQhjiC<?PLRH<?PjMLhjiA>AI/JZJZ�$~�PLTH:AGQ<?[@��Ã�8EB5<XP]47PO<XI/<V�b�g<XIQhjiC<?PL:g<?�
PL<?I­hji�>AI­hji.J��?2CML8;[\[\<?>CiCK;>A6.<?>CB�MOTH>gB5<?PL>��?<XPLMZJO¶ChjN.<?G/J·I­MkJt�gN)8;>C>E~�PLTH6HPj8;[\[�_\>AI­hji9J
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6.<?G­8HB5<X>�fW<XPLBA<?>��.TH:bfWT.iAGCB5<XP`�b�=<?I­hjiA<XPO�AG­8)JL��47¶AP�B5I/<tMZ<tM�~�PLTH6.PL8H[\[ 8;2gMZPL<?I­hjiA<?>»f�¶APO�
BA<H-

U`<XI=B5<XP	�X2CMO8H[\[»<X>AiCKH>A6H<X>CB5<?>S�5�g<XIQhjiA<XPO:=<?PL<?I­hjiCMZ��®°<XPOf�8;G/JO2C>A6^[»I/J�B5<?P`��ÆH6.G/I­hji5�
N.<?I/JVB5<XPS®°<XPLMLhjiAIQ<?:A2A>C6�RHTH>��5�g<XIQhjiA<XPO:=<?PL<?I­hjiA<X>¦Nx8H>A>¦>C8.hji´B5<?[¹º�>CBA< RHT.>¦~�PLT;�
6.PL8H[\[ �@2A>gB²� B52APjhji²®°<?PjMOhjiAIQ<?:C2A>A6�RHT.>²~�POT.6HPj8;[\[ e�BC8HMË~	POT.6HPj8;[\[ _@>C8.hji5�
6.<?G­8HB5<X>¯f`<?PjB5<X>�-503>CMZJO<XG/GQ<]B5<XM3�b�=<?I­hjiA<XPOR.<?PjMOhjiA>CI�JOJLMWJOPLI�JOJ�iAI/<XP��k<XB5T5hji@B5<?P30·2547f�8;>CB
47¶CP£B5IQ<�®°<?PjMOhjiCI/<X:A2A>A6@RHT.>²�5�g<XIQhjiA<XPO:=<?PL<?I­hjiA<X>�-�Â <thjiA>AI­MOhji²N)8;>C>²BAI/<tMZ<�®°<XPLMLhjiAIQ<?:=<a�
®°<XPOf�8;G/JO2C>A6·B52APjhjiË<XI/>Ë®°<XPLMLhjiAIQ<?:=<a�  �<?6.IQMZJO<XPÁ2A>CBz<?IQ>A<W�C<?G­B5GQKH>A6H<X>5�  �<?6.IQMZJO<XP��APLT3~�PLT;�
�X<XMLM�PO<t8;GQIQMOI/<XPZJ�fW<XPLBA<?>�-ÁÃ�8HM^®°<?PjMLhjiAI/<X:g<?�  3<?6HI­MZJO<?PF<?>9JOigK;G/J]BAI/<\03>54 8H>A6.ML8HBAPO<tMOMO<£B5<tM
~	POT.�?<XMLMO<XM3IQ[³03PL:=<?I/JLMLMZ�=<?I­hjiA<?Pt- Ã·<XPFÅ�>Aig8;G/J^B5<tM·®°<XPLMLhjiAIQ<?:=<a�  �<?6.IQMZJO<XPLM·f�I/PjB�R.THP �k<?�
BA<?[¸�b�=<?I­hjiA<XPO�X2A6HPLI�Ä¦8;2A4FB5IQ<¯GQTH6.IQMLhjiA<V�5�g<XIQhjiA<XPO�CGQ8;JO�X8.B5PL<XMLMZ<ÇB5<tM»~�POT.6HPj8;[\[�Mz8.Bb�
BAI/<XPZJt-gÃ�8HM3�C<?G­B5GQKH>A6H<X>5�  �<?6.IQMZJO<XP`<X>9JOiCKHG�J·B5IQ<ËÊ KH>A6H<ËBA<XM·�b�=<?I­hjiA<XPO:=<?PL<?I­hjiCM�B5<tM�~�PLT;�
�X<XMLMZ<tM?-bº	M�f�IQPjBÇ�?2CP � :g<XPOf�8Hhjib2A>C6zB5<?P3±�PL<?>A�X<?>@B5<XM�0�B5PL<XMLMOPL8H2A[�M�<?IQ>A<tMW~	POT.�?<XMLMO<XM
R.<?PLfW<X>CB5<?JX-

Prog 5

Prog 4

Prog 3

Prog 2

BS

Prog 1

Prozesse

Fest angeordnete zusammenhängende Speicherbereiche

BS

Prog 4

Prog 3

Prog 2

Prog 1 Prog 1

BS

Prog 3

BS

Prog 1

Prog 5

BS

Prog 1

Warten auf Ende 
von Programm 3
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Prog 3

Prog 3 Prog 3

Prog 5

Prog 5

Prog 4

Prog 3

Prog 2

BS

Prog 1

Prozesse

BS

Prog 4

Prog 3

Prog 2

Prog 1 Prog 1

BS BS

Prog 1

BS

Prog 1

Verschiebliche  zusammenhängende Speicherbereiche

Programm 3
Verschieben von 

º�IQ>@®°<?PO4 8;iAPL<?>��bBA8.MW:=<?IÁPL<XBA2A�?IQ<?POJO<X[ �b�g<XIQhjiC<?PLRH<?PjMLhjiA>AI/JZJWT.iA>A<�®°<?PjMOhjiCI/<X:A2A>A6.<?>
R.TH>��b�g<XIQhjiC<?PL:g<XPO<XIQhjiA<X>»8H2CMONHTH[\[zJX�xIQMZJ	BA8.M	�b<?I/JO<X>bfW<thjiCMZ<XG��ÁT5B5<XP°~¡8H6HIQ>A6;�$®°<?PO4 8;iCPO<X>�-
�·I/<XPO:=<?I�f�IQPjB �k<tB5<?P3~	POT.6HPj8;[\[�8HB5PL<XMLMZPj8;2C[ IQ>@[»<XiAPL<?PL<]�5<?I/JO<?>V47<tMkJL<?PF±�PLÆ��.<�8H25476H<?�
JL<?IQG�Jt�9B5IQ<·IQ>¯U`GQÆ5hjNH<3B5<tMW0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPLMW8;:A6.<?:AIQGQBA<aJ	f`<?PjB5<?>�N.ÆH>A>C<?>�-9º�IQ>A<��b<XI�JL<?>5�
Jj8;:=<?GQG/<�:g<tMOhjiCPO<XI/:5J�B5IQ<XMO<�0·:A:AIQGQBA2A>A6C-bº�IQ>V6H<?PLIQ>A6H<XP`�b�=<?I­hjiA<?PLRH<XPLMLhjiA>AI/JZJ`N)8;>A>¯I/>A>C<?PO�
iC8HG/:ÇBA<?P�GQ<aJL�aJO<X>¯�b<XI�JL<·B5<XM	~�PLTH6HPj8;[\[�M°8;2A4 JOPL<aJO<X>�-Hº	P	:=<aJOPjK;6HJ	IQ[ ��I/JZJL<?G B5IQ<��·KHG�4 JL<
B5<XP¡�5<?I/JO<?>C6HPLÆ��H<.-?U`<?I9NbG/<XI/>A<X>Ë~�PLTH6.PL8H[»[\<X>]TbBA<?P �X2ËiAT.iA<?P°�b<?I/JO<X>A6HPLÆ��.<°IQMZJ"BA<?P°�b�g<XI��
hjiA<XPOR.<?PjMOhjiC>AI�JOJ`:=<?IQ[�~¡8H6HIQ>A6\iAÆHiC<?P38;G­M�:=<?I 6.POT �H<X>S~�PLTH6.PL8H[»[\<X>�-5Ã·IQ<£�b<XI�JL<?>A6.POÆ �H<
[£2CMOM�8HGQMOT»�?2A[��b�g<XIQhjiC<?PL�AGQ8;JO�?��~�PLT;«gG�B5<?P�~�PLTH6.PL8H[\[»<��C8.MOMO<?>�-
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Seite Block

Seite Block

Seite Block

42

42

Logischer Adressraum Seitentabellen Hauptspeicher

Programm 2

0

1 3

2

2 8

Seite 1

1024
51

Seite 0 0

0 1

Programm 1

Seite 0

6

Programm 3

Block 0
0

Seite 1

Seite 0

1024

Seite 2
2048

0

0

0

BS

1024

2048
Block 2

Block 1

3072

4096

5120

6144

7168

8192

Block 3

Block 4

Block 5

Block 6

Block 7

Block 8

Programm 1
Seite 0

Programm 1

Seite 0

Programm 2
Seite 1

Seite 1

Programm 3

518Load 2105

Load 21052566

2105

8249

U`<XI/[�~°8;6.I/>A6H��®°<XPZ4 8HiAPL<?>�[z¶gMOMO<?> 8HG/GQ<»�5<?I/JO<?> <?IQ>A<XM�8;2gMZ6.<a47¶AiAPOJO<X>E~�PLTH�X<XMLMZ<tM�I/[
0·PO:=<?I/JLMLMO�g<XIQhjiA<XP�PL<XMOIQB5<X>9J°MO<?IQ>�-;ºWM°[z¶CMLMO<?>�8;:=<?P°>AI­hji9J	8;GQG/<·�5<?I/JO<?>\<XI/>A<tM°~�PLTH6.PL8H[»[�M
6.G/<XIQhjiC�?<?I/JOIQ6SIQ[³03PL:=<?I/JLMLMZ�=<?I­hjiA<?P�6H<XGQ8.B5<?> MZ<XI/>�� MOTH>CB5<XPO> >92CP�B5IQ<��b<?I/JO<X>��ÁB5I/<£I/>C>A<?PO�
ig8;GQ:¦<?IQ>A<XMSN92CPO�X<?> �=<?I/JOIQ>9JO<XPOR)8;GQG­M�:g<X>AÆ;JLI/6HJSf`<?PjB5<?>�-WUW<XI/[¹ÃF<?[�8;>CB5��~°8;6.I/>C6 T5B5<XP
�5<?I/JO<?>bf`<XhjiCMO<?G 8;2A4 03:APL254�:=<a«C>CBA<?>¯MOI­hjiÇ>b2APWÂ&<?IQG/<�B5<XMW~�PLTH6.PL8H[»[�M°IQ[�03PL:=<?I/JLMLMZ�=<?I/�
hjiC<?Pt-.�b<?G/JO<X>A<?P°:=<?>b25JL�aJL<F�b<?I/JO<X>\<?IQ>A<XM¡~�PLTH6.PL8H[\[\M"f`<?PjB5<?>»:=<?IgU`<tBA8;PO4
� TH>�B5<?[�8H>CB0�
R.TH[ �b<XN92C>CBAK;PjMO�g<XIQhjiA<XP IQ>£B5<X>£0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP&>C8.hjiA6H<XGQ8.B5<?> -XÃ�8HM"Ã·<X[\8H>CBb�$~°8;6HIQ>A6
PL<X8HG/I­MOI/<XPZJzBA8.MzÉFTH>A�X<?�5J»B5<XMzR9IQPOJO2A<XG/GQ<?>
�b�=<?I­hjiA<XPLMX�&B5<X>A>
B5IQ<V±�PLÆ��.<Ç8;GQG/<XPË~�PLTH�X<XMLMZ<
N)8H>A> B5IQ<»±�PLÆ��.<zB5<XMF03PL:g<XI�JjMOMO�=<?I­hjiA<?PjM3¶A:=<?POJOPL<aÄ <?> -=0·G/GQ<?PjB5IQ>A6.MF[z¶CMLMO<?> �b<XI�JL<?> 8H2CM
BA<?[¸0·PO:=<?I/JLMLMO�g<XIQhjiA<XP\�?2A[¸�5<?Nb2A>CBAKHPLMO�=<?I­hjiA<?P»iAIQ> R.<?PjB5PLKH>A6;J»fW<XPLBA<?>��¡f`<?>A>¬<?IQ>A<
>C<?2A<@�b<?I/JO<Ç6.<?G­8HB5<X>�fW<XPLBA<?>�MZT.G/GW2A>CB�N.<?IQ>A<�47PL<?IQ<?>©U`GQÆbhjN.<�[\<?iAP£RHTHPLiC8H>CB5<?>�MOI/>gBÁ-
� 2AP&º	>.JjMOhjiC<?I­B52A>A63f`<?G­hjiA<W�5<?I/JO<	R.<?PjB5PjK;>A6HJ�f�I/PjBÁ�?f`<?PjB5<X>]2A>9JO<?PjMLhjiAI/<tB5GQIQhjiA<`�9JOPj8)JL<?6HI/�
<X>�:g<X>b25JO�?JX- �FK;25«g6�f�I/PjB�B5IQ<ËÊ�<X8.MkJO�  3<Xha<X>9JOGQY.���·MO<XB5���9JLPL8;JO<X6HIQ< �¤Ê  �����8H>A6H<XfW<X>CB5<?JX�
:=<?I&B5<?P·BAI/<Ë�b<XI�JL<]RH<?PjB5PjK;>A6HJ`f�IQPjBÁ�A8;254°B5IQ<Ë8;[�G­K;>C6.MZJO<?>V>AI­hji9J��X2A6H<X6HPLI�Ä <?>Vf�2APjB5<H-
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Seite Block

42
Seite 1
Seite 3
Seite 4

Logischer Adressraum

Seite 3

Seite 4
1024

0

Seite 1

Seite 0

1024

Seite 2
2048

0
518Load 2105

210542

resident LRU

0

1

2

2 8

3

4

-

-

-

0

1

0

0

Programm 1

Hauptspeicher

Block 0
0

BS

1024

2048
Block 2

Block 1

3072

4096

5120

6144

7168

8192

Block 3

Block 4

Block 5

Block 6

Block 7

Block 8

Programm 1
Seite 0

Load 21052566

8249

1

Seitentabelle

U`<?IQ[ �b<?6.[\<?>9JOIQ<?PL2A>A69Mk�$®°<?PO4 8;iAPL<?>^f�IQPLB£B5<?P¡03PL:=<?I/JLMLMZ�=<?I­hjiA<?P¡8;G­M"<?IQ>A<`�A8;[\[\G/2A>C6
R.TH>S6.<aJLPO<X>A>9JO<?>@U`<?PL<?I­hjiA<?> �bBA<?>��b<?6.[»<X>9JO<?> �5RH<?PLf�8;G/JO<aJt-A�b<?6.[»<X>9JO<^NHÆ.>A>A<?> �·8H2A�5JZ�
�APLTH6.PL8H[\[»<.���3>9JO<XPO�APLTH6.PL8H[\[»< �7IQ>CMO:g<tMZT.>CB5<XPO<©U`IQ:AG/IQT;JLiA<?N5MOPOT.25JOIQ>A<X> �¯2A>CB�Ã�8)JO<X>
<X>.JLiC8;G/JO<X>�- �H<tB5<?[��b<?6.[\<?>9J&I­MkJ"<?IQ>zª·8H[\<	2A>CBË<?IQ>A<�47<tMkJL<`�b<X6H[\<?>9JOG­K;>C6H<°�?2C6H<?T.PLBA>A<aJt-
ÃFI/<^0�B5PL<XMLMZIQ<?PL2A>A6£B5<?P��b�=<?I­hjiA<?PL�?<XG/GQ<?>¯<?PO47THGQ6;JW�XfW<XIQBAI/[\<?>gMZIQTH>C8HGC¶A:=<?P�B5<X>V�b<X6H[\<?>9JO�
>C8H[\<?>��HBA<?P�IQ>�<?IQ>A<F�b<X6H[\<?>9JL>92C[»[\<XP�2A[\6H<tMZ<?JO�aJ�f�IQPjBÁ�;2A>CB\<XI/>C<?> ,·ÄÁMZ<?J	I/>C>A<?PLiC8;GQ:
B5<tM·�b<X6H[\<?>9JLMX-Aº�IQ>�~�PLTH6.PL8H[»[ R.<?PO47¶A6;J·8HGQMOT\I¤- BÁ-  ]-A¶A:=<?PF[\<?iAPL<?PL<^<?IQ>CB5IQ[»<X>CMOI/T.>C8;GQ<
0�B5PL<XMLMOPLKH2A[\<FT5B5<XP·�b<?6.[»<X>9JO<H-

ÃFI/<W�5<?6H[\<X>.JLI/<XPO2C>A6�iC8)J&6H<?6.<?>b¶A:=<?P�B5<X>]:AI­MZiA<XPOIQ6H<X>F®°<XPZ4 8HiAPL<?>�47THGQ6H<X>CB5<�®°T.PZJL<?IQG/<.�
N Ã·2APjhjiÇB5<X>»�XfW<XIQBAI/[\<?>gMZIQTH>C8HG/<X>»0�BAPO<tMOMOPL8H2A[ <X>.JO4 K;GQG�J	BC8HM�U`IQ>CB5<?>�R.TH> �·8H2A�5JZ�

2A>CB²�3>9JO<XPO�CPOT.6HPj8;[\[\<?>ER.THP]B5<?P^~�PLTH6.PL8H[\[\8H2CMZ47¶AiAPL2A>A6 �¤B5Yb>C8;[\I­MOhjiC<XM]U`I/>A�
B5<?> �a-

N  �<?<X>.JLPL8H>9J·�3>9JO<XPO�APLTH6.PL8H[\[»<�T5B5<?PFÃF8;JO<?> �gB5IQ<ËRHT.>¯R.<?PjMOhjiCI/<tB5<?>A<X>¯~	POT.6HPj8;[»�
[»<X>�R.<?PLfW<X>CB5<aJÇf`<?PjB5<X>��WN.ÆH>A>C<?>¦IQ>´<?IQ>A<?[¹<XI/>A�XI/6.<?>��5<?6H[\<X>.J¯6H<XMO�=<?I­hjiA<?POJ
fW<XPLB5<X>�-AÃFI/<tM3MZ�g8;POJ3�5�g<XIQhjiA<XPO�CGQ8;JO�H-

N �b<?6.[»<X>9JO<�NHÆ.>A>A<X>¬R.THP�2A>b:=<?PL<Xhji9JOIQ6;JL<?[�Ê�<XMO<?> �W�5hjiAPL<?IQ:g<X>¼TbBA<?PS0·2CMk47¶CiAPO<X>
[»I/J·<X>.JjMZ�CPO<thjiA<?>CBA<?>¯0`JOJOPLI/:C25JO<X>�6H<XMLhjib¶5JO�?J`f`<?PjB5<X>�-
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N U`<?PL<?I­hjiCMO¶A:g<XPLMLhjiAPL<?I/JO2A>C6H<?>Ë8H2 �H<XPOig8;GQ:£B5<tM��b<?6.[»<X>9JLM"NHÆ.>A>A<?>»B52APjhji£®°<XPO6.G/<XIQhji
B5<tM�,·Ä MO<aJ3[\I/J·B5<?P·�b<X6H[\<?>9JLGQKH>A6H<^<?PLN)8;>A>9J�f`<?PjB5<?>�-

Ã�8;[\I/JzB5<?PË�b�=<?I­hjiA<XPOR.<?PjMOhjiA>CI�JOJF6H<XPOIQ>A6¯:AG/<XI/:AJX��f�IQPLB B5IQ<��5<?6H[\<X>.JLI/<XPO2C>A6S[\<?I­MZJ^[\I/J
~°8H6HIQ>A6FT5B5<XP�Ã·<X[�8;>CBb�$~°8;6.I/>A6�NHT.[z:AIQ>AIQ<?POJX-xÅ�[ U`IQGQB£<?>9JOigK;G/J°BAI/<3�b<X6H[\<?>9JZJj8;:=<?GQG/<�B5IQ<
É^<X>A>CBA8;JO<X>EB5<?PF�5<?6H[\<X>.JL<Ë<?IQ>A<tM�~�PLTH6HPj8;[\[�MX�5�H- UF-=B5IQ<z�b<?6.[»<X>9JO>b2A[\[\<?Pt�gB5IQ<£�b<X6;�
[\<X>.JLGQKH>A6H<�2A>CB¯<?IQ>A<X>V�b�=<?I­hjiA<?PL�AG­8)JL�a�$®°<?PLfW<XIQM`8;254&<?IQ>A<Ë�b<?I/JO<X>.Jj8;:=<?GQG/<��APLT\�5<?6H[\<X>.Jt-
ÃF<?>E�b<XI�JL<?>VfW<XPLBA<?>S¶C:g<XP3UWGQT5hjN)8HB5PL<XMLMZ<X>��AibY5MZIQN)8;GQIQMLhjiA<^UWGQÆ5hjNH<FI/[ 0·PO:=<?I/JLMLMO�g<XIQhjiA<XP
�X2A6H<XTHPjB5>A<?JX-

Seite BlockSegment VerweisLänge

Segment VerweisLänge

0 5
1000

0

1

1500

1

0 2500

500

1
0

1 1
30

4
6
72

0 8

Prog 1, Seg 0
Seite 1

Logischer Adressraum

Programm 2

Programm 1

0

0

1500

2500

Segment 0

Segment 1

Segment 2

Segment 0

Main 1

Main 2

Data 2

Data 1

Segmenttabellen Seitentabellen Hauptspeicher

Block 0
0

BS

1024

2048
Block 2

Block 1

3072

4096

5120

6144

7168

8192

Block 3

Block 4

Block 5

Block 6

Block 7

Block 8

Seite 1

Prog 1, Seg 0
Seite 0

Prog 2, Seg 0
Seite 0

Prog 1, Seg 1
Seite 0

Prog 2, Seg 0

Prog 2, Seg 0
Seite 2

Prog 2, Seg 1
Seite 0

U`<XI¡BA<?P]0�B5PL<XMLMkJLPL8H>CMk47T.PO[�8;JOIQTH>@RHT.> B5<?P^GQTH6.IQMLhjiA<?> �?2AP^�AibY5MZIQN)8;GQIQMLhjiA<X> 0�B5PL<XMLMZ<
MOIQ>CB¼B52APjhji¬B5<X>¼�?2CMLK)JL�?GQIQhjiA<X> �=2C6HPLI�Ä�8H254^BAI/<E�b<X6H[\<?>9JZ�Ë2C>CB¦�b<?I/JO<X>.Jj8;:=<?GQG/<X>��	B5IQ<
<X:g<X>54 8;GQG­M�I/[¸03PL:g<XI�JjMOMO�g<XIQhjiC<?P�GQI/<X6H<?> �°�APOT²0�B5PL<XMLMZIQ<?PL2A>A6 [�8)�5IQ[\8HG3B5PL<?I3�b�=<?I­hjiA<?PO�
�XYbN9GQ<?> >AT;Jkf`<?>gB5I/6g-&Ã�8;iA<XP\G/IQ<?6HJ£<XM»>C8HiA<H�¡B5IQ<V0�BAPO<tMOMZJOPj8;>CMZ47THPL[�8)JLI/T.>²BA2APLhji
<?IQ>A<?>
MLhjiA>A<XG/GQ<?>´�b�=<?I­hjiA<XP � -`8.hjiA<��£47¶APVB5IQ< �b<?6.[»<X>9JZ�z2A>gB¼�5<?I/JO<?>9Jj8;:=<?GQG/<X>¦�?2¼:g<tMOhjiCG/<X25�
>CI/6.<?>�- 0·G/GQ<?PjB5IQ>A6.MËIQMZJzB5IQ<S03>A�t8;iAGWB5<?P][\ÆH6.G/I­hjiA<X>²Â"8;:=<?GQGQ<?>A<XI/>9JOPjK;6.<£iCTbhji � U`<?I	e �x�
U`I/JZ��0�B5PL<XMLMZ<X>¯2A>gB¯��É]U`Y9JO<Ë�b<XI�JL<?>A6.POÆ �H< � 
 - : ��G/IQ<?6HJ�MOIQ<]:g<XI 
 : / Â&8H:g<XG/GQ<?>A<XI/>9JLPLKH6H<?>
8HGQMOT�IQ[ U`<XPO<XIQhji²RHT.>²<?IQ>AI/6.<?>©�EU`Y9JO< -`8HhjiA<.- ÃF8 MZI­hji�8;:=<?P»8;2Chji�B5IQ<XMO<SÂ"8;:=<?GQG/<X>5�
<XI/>9JLPLKH6H<Sf�IQ<@B5I/<@~�PLTH6.PL8H[\[»<¯8HB5PL<XMLMZ<X>AGQTHN)8;GWRH<?PLiC8HG�JL<?>©6.<?>b¶A6H<X>
8;2ghji
f`<XMO<?>9JOGQIQhji
NbGQ<?IQ>A<?PL< -`8HhjiA<?���5�g<XIQhjiA<XP �k,X� "�B5<?P��=T;JL<?>9JOIQ<?GQG/<X>´±�POÆ �H<��z47¶AP¯B5I/<E�b<X6H[\<?>9JO�Ë2A>CB
�5<?I/JO<?>9Jj8;:=<?GQG/<X>�-
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º�IQ>A<²fW<XI�JL<?PL< 0·25476.8H:g<²B5<XP@0·PO:=<?I/JLMLMO�g<XIQhjiA<XPZ�$®°<?PLf�8;G/JO2A>A6 IQMZJ�B5<?PE�5hjib25JL� R.TH>
Ã�8)JL<?>²2A>CB ~�PLTH6HPj8;[\[\<?> RHT.P � 2A6HPLI�Ä <?> � Ê <XMO<?>��"�5hjiAPL<?IQ:g<X> ��B52APjhji 2A>b:=<?PL<Xhji9JOIQ6;JL<
~�PLTH�X<XMLMZ<.-&Ã�8;�X2
f`<?PjB5<?>
BAI/<V0�B5PO<tMOMO:=<?PL<?I­hjiA<SB5<XP»~	POT.�?<XMLMO<ÇRHT.>A<?IQ>C8;>gB5<?P£6H<aJLPO<X>A>9J
R.<?PLf`8HG�JL<aJ�2A>CB@B5IQ<]~�POT.�?<tMOMO<F[\I/J��3IQG�47<zRHTH> �=2A6.POI/Ä MOPL<Xhji9JO<X>SNHT.>9JOPLTHGQG/IQ<?POJX-

�3IQ<?PL�?2�f�I/PjB¼iCK;2A«C6©B5IQ< �b<X6H[\<?>9JOIQ<?PL2A>A6©8H>A6H<XfW<X>CB5<?JX�WÃFIQ< 0�B5PL<XMLMZPjK;2A[\<�R.TH>
~�PLTH6.PL8H[\[\h?T5B5<W2C>CB\ÃF8;JO<?>»RH<XPLMLhjiAIQ<XB5<X>A<?P°U`<?>b25JL�?<XPO>»fW<XPLBA<?>zIQ>\2A>9JO<XPLMLhjiAIQ<XB5GQIQhjiC<?>
�b<X6H[\<?>9JL<?>¬6H<aJLPO<X>A>9J�2A>9JO<?PL6H<X:APj8Hhji9JX-¡Ã·<XP�~�PLTH�?<tMOMOTHP»:=<X8;PL:=<?I/JO<aJSU`<X>92AJO�?<XPO�CPOT.�?<XMZ�
MO<^2A>CB�U`<aJLPOIQ<?:CMLMOYbMZJO<X[\�APOT.�?<tMOMO<·IQ>@�?f`<?IÁ2A>9JO<XPLMLhjiAIQ<XB5GQI­hjiA<?> �=2CMZJLKH>CB5<?> �AB5<?[��·MO<?PO�
��T5B5<·2A>CBÇB5<X[��b2A�=<?PLR9I­MOTHPO�$��T5B5<.-;Â&8;JLMLKHhjiAGQI­hji»6.I/:AJW<XMW�E8HMLhjiAIQ>A<?>b:=<a47<XiAG/<.�.B5IQ<·B5<X>
~�PLTH�X<XMLMZT.P�RHTH[��·MO<?PO�$�ETbBA<]I/>EB5<X> �b2A�=<?PLRbIQMOTHPO�$�ETbBA<�¶C:g<XPZ47¶AiCPO<X>�-CÅ�[��b2A�=<?PLRbIQMOTHPO�
��T5B5<@f�IQPLB¬BA8H>A>¼<?IQ>¬U`<aJLPOIQ<?:gMOMOY5MkJL<?[\�APLTH�?<tMOM»8;2gMZ6.<a47¶AiAPOJX-�!¦IQG/G·<?IQ>¬~	POT.�?<XMLM»:g<XI��
MO�AIQ<?G­MZf`<?I­MZ<F>A<?2C<?>��b�g<XIQhjiC<?P�8;>547T.PLBA<?PL>��5MZT£6H<?i9J�BA8HM`>b2APt�5I/>gB5<?[�<XP�<?IQ>A<?>VUW<?JOPLI/<X:CMZ�
MOY5MkJL<?[\�APLTH�?<tMOMF8;2547PL254 Jt-�!´KHiAPL<?>CB BA8HM�U`<aJOPLIQ<?:CMLMZY5MZJO<X[�8HG/GQ< � 2A6HPLI�ÄÁMOPO<thji.JL<z8;2A4WB5IQ<
�b<X6H[\<?>9JL<3iC8)Jt�.BA8HPZ4 <?IQ>ÇU`<?>b25JL�?<?PL�APLTH�X<XMLM¡>92CP	IQ>A>A<?PLiC8HG/:�MO<?IQ>A<?PW�5<?6H[\<X>.JL<·8HBAPO<tMOMOI/<?�
PL<?>�-

� ��� �B ��
�$ F��,8:�! !&�./57 #03./?!& �	&�) F ��$<8 	B �-;03��&	�
Ã�8�:=<?IQ[ -`8.hjiA< ,FPL6.8;>CIQML8)JLI/T.>S2A>CBE®°<?PLf`8HG�JL2A>A6�2A>9JOPL<?>C>9:g8;P�[\I�JL<?IQ>C8;>gB5<?PFRH<?PL:A2A>A�
B5<X>�MOI/>CB��Wf`<?PjB5<?>�B5I/< ®°<?PLf`8HG�JL2A>A69MZR.<?PO4 8;iAPL<?>¼B5<?P -`8HhjiC<XMÇ�X2CML8;[\[\<?>´[\I/J¯IQiAPO<X>
,FPL6.8H>AIQML8)JLI/T.>CMZ47THPL[»<X>�:g<tMZ�CPOT5hjiA<X>�-

�=IQ<?G.<?IQ>A<XM -`8.hjiA<a�k�b�=<?I­hjiA<?PjM=IQMZJ <tM?�?BAI/<°[\I/JZJOGQ<?PL<3�=2C6HPLI�ÄÁMZ�X<?I/J 8;2545B5<X>]±�<tMO8H[ËJjMZ�=<?I/�
hjiA<XP � -`8HhjiA<.�=0·PO:=<?I/JLMLMO�g<XIQhjiA<XPX�Á�b<XN92C>CBAK;PjMO�g<XIQhjiA<XP �·MZT)f`<?I/JF�X2 PL<XB52C�?IQ<?PL<?>��=BA8HMLMFMOIQ<
[\ÆH6.G/I­hjiCMZJ">g8;iA<�8;>\B5<XP ,F�=<?Pj8)JLI/T.>CMO�?<?I/J°B5<XM¡~�PLTH�X<XMLMZT.PLM&GQI/<X6;JX-;�·[ B5IQ<XM¡�X2»<XPOPL<?I­hjiA<X>��
[£2CMOM°BAI/<��=2C6HPLI�ÄÁMZ�X<?I/J�8;254ÁB5<?>Ç±�<tMO8H[ËJLMO�=<?I­hjiA<?P°IQ>�B5<?P�ªFK;iA<3B5<XP -`8HhjiA<?��� 2A6HPLI�ÄÁMO�?<?I/J
MO<?IQ>��ABÁ- i�-A[\ÆH6.G/I­hjiCMZJ�R9IQ<?GQ< �=2A6.POI/Ä=<^[£¶CMOMO<?>VIQ[ -`8HhjiC<a�k�b�g<XIQhjiC<?P�MkJj8)JOJZ«C>CBA<?>�-

U`�?6.G¤-AB5<XP�,FPO698;>AI­ML8)JOIQTH>�2C>.JL<?PjMOhjiC<?I­B5<aJ�[�8;> -`8HhjiA<?�$�CTHPL[\<?>SB5IQ<^[\<?iAP�T5B5<XP�fW<?�
>AIQ6H<XP]8HMLMZT.�?I­8)JOIQRH<»�b2ChjiA<X> <?PLG­8;2A:=<?>�-ÁU`<?I�BA<?P]8HMLMZT.�?I­8)JLI/R.<?> �b2ChjiC<»f`<?PjB5<X> 03PL:g<XI�JjMk�
MO�g<XIQhjiC<?Pj8HB5PL<XMLMZ<X>SB5<XP·ÃF8;JO<X>VIQ[ -`8.hjiA<a�k�b�=<?I­hjiA<?P�6.<?iC8HG�JL<?>V2A>CBV[\I�J·<XI/>C<?P38;>C6H<?GQ<?6H�
JL<?>¯0�BAPO<tMOMO<·�C8HPL8HG/GQ<?GgRH<XPO6.G/I­hjiA<?> �.2A[�8H254 <XI/>A<X>¯Ã�8)JL<?>bfW<XPZJ`G/<tMZ<X>CB�T5B5<XP�MLhjiAPL<?IQ:g<X>CB
�X2A�?2A6.PO<XI�47<X>�-A��I/JFMZJO<?IQ6H<X>CB5<XP303>A�t8;iAG��g8;Pj8;GQG/<XGÁRH<?PL6HGQ<?I­hjib:C8;PL<?P�0�B5PL<XMLMZ<X>¯f�KHhjigMkJ�>C8;�
JL¶APOGQI­hjiVB5<XP��·8HPLB5f�8;PL<a��032A47f`8H>CB�47¶AP3BAI/<Ë0�B5PL<XMLMO<?>5�$®°<?PL6HGQ<?I­hjiCMOG/T.6HIQN»B5<tM�-`8HhjiA<.-

032A476.8;:=<zB5<XP -`8HhjiC<a�$®°<?PLf`8HG�JL2A>A6»IQMZJ3<XMX�C�E8.MOhjiAIQ>A<X>9:=<a47<XiAGQ<]2A>CB�Ã�8)JO<X>@47¶AP·B5<X>
U`<?>b25JL�?<XP�JOPj8;>gMZ�C8HPO<X>9J	8;2CMWB5<?[c03PL:g<XI�JjMOMO�=<?I­hjiA<?PWI/>SBA<?> -`8.hjiA<��?2ÇG­8HBA<?>�2A>CBÇfW<X>A>
N.<?IQ>A<�47PO<XI/<X>V~	GQK;JO�?<z[»<XiAP�IQ[ -`8.hjiA<^RHTHPLiC8H>CB5<?>VMZIQ>CBÁ� -`8HhjiA<?��� <?GQG/<X>Sf�IQ<XB5<XP3I/>�B5<X>
0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP`�X2APL¶ChjNb�?2CMLhjiAPL<?IQ:g<X>��.2C[ B5IQ<F>A<X2A<?>@03PL:=<?I/JLMLMZ�=<?I­hjiA<?PO���=<?GQG/<X>ÇIQ>VB5<X>
-`8.hjiA<^GQ8.B5<?>V�?2@NHÆ.>A>A<X>�-

�"¶AP·<XI/>C<ËiATHiC<ËUW<tMOhjiCG/<X2A>AIQ6H2A>A6ÇBA<?PF�b�=<?I­hjiA<XPO�X2A6HPLI�Ä <ËB52APjhji�B5<?> -`8.hjiA<ËMOTHGQG�JL<?>
BA8H:g<XI�RH<XPLMLhjiAIQ<XB5<X>A<F�CTHPjB5<?PL2A>A6.<?>V<?PO47¶AGQG�J3f`<?PjB5<?> -
N Ã·IQ<¯0·>A�X8HiAGWB5<XP -`8.hjiA<a���=2A6.POI/Ä=<\[£2CMOMz[�8)�5I/[\IQ<?POJzf`<?PjB5<?>�-"ÃF8H:g<XI	[£2CMOM£B5IQ<

±�POÆ �H<WBA<XM -`8HhjiA<`�?2»B5<?P�±�PLÆ��.<WB5<XP°�5�g<XIQhjiA<XPO�X<?GQG/<X>£8H254gB5IQ<�iCK;25«g6·�?2C6H<?6.POI/Ä <?>
f�I/PjB�� ! THPLN9IQ>A6Ç�b<?J�BA<?P3�X2¯:=<X8HPO:=<?I/JO<X>CB5<?>@~�PLTH6.PL8H[\[»< ���g8HMLMZ<X>�-

N ÃF8�~	POT.�?<XMLMOfW<thjiCMZ<XGÁBA8HM3ª·<?2AG­8HBA<?>EB5<tM -`8HhjiC<XM�8;2gM3B5<?[�03PL:=<?I/JLMLMZ�=<?I­hjiA<?P·<?PO�
47THPjB5<?PL>��ÁMZT.G/G/JO<X> MOI/<»>AI­hji9J��X2 iCKH25«C6@B52APjhjiA6H<?47¶AiAPOJFf`<?PjB5<?> � B�- i�-�BAI/<\03>A�t8;iAG
B5<?P3~	POT.�?<XMLMOfW<thjiCMZ<XGg�CPOT �=<XI�JL<?IQ>AiA<?I/J·BA8HPZ4">AIQhji9J�6HPLT��\MO<?IQ>�-

N ! <X>A> � 2A6HPLI�Ä <S8H254FB5<X> 03PL:=<?I/JLMLMZ�=<?I­hjiA<?P»>ATHJkfW<X>CB5IQ6 MZIQ>CBÁ�°MOTHGQG�JL<?>
MOIQ<S[\ÆH6H�
G/I­hjiCMZJË[»I/J£8H>CB5<?PL<?> ,F�=<?Pj8)JOIQTH>C<?> ¶C:g<XPOG­8;�A�AJz8;2CMO6H<?47¶AiAPOJ^f`<?PjB5<X>�� BA8H[»I/JzB5<XP
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~�PLTH�X<XMLMZT.P">CIQhji9J�2A>9JLK;JOIQ6^f�I/PjBÁ-HÃFI/<tM°N)8;>A>�B52CPLhji\<?IQ>A<�IQ>9JO<?GQGQI/6.<?>9JO<30·>ATHPjB5>b2A>A6
B5<XP¡� 8HMLhjiAI/>C<?>b:g<?47<?iAGQ<WBA2APLhji»B5<?> -WTH[\�AIQG/<XP&<XPOPL<?I­hji9J&f`<?PjB5<?> -t0·2CMZ<XPLBA<?[�NHÆ.>5�
>A<X>�[»<XiAPL<?PL<Ç8;2547<XI/>C8H>CB5<XPZ47T.G/6.<?>CB5<�0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPOf`THPOJO<�IQ>�<?IQ>A<?[ 6H<XGQ8.B5<?>
f`<?PjB5<?>��ABC8£<tM�f`8HiAPjMOhjiA<XI/>CG/I­hjiSI­MkJt�CBA8.MOM�MOI/<]8H2ChjiV8.B5PL<XMLMZIQ<?POJ`f`<?PjB5<X>�-

N ÃF<?PS0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPZ��Ã·2CPLhjiCML8)JL�@[z2CMLM\�?2A[ -`8HhjiC<a��Ã·2APjhjiCML8)JL�¯�C8.MOMO<?> ��BÁ- i -
B5IQ<�U`8H>CB5:APL<?I/JO<²R.TH>�0·PO:=<?I/JLMLMO�g<XIQhjiA<XPX�3U`2CM@2C>CB -`8HhjiA< [z¶CMLMO<?>�[»Æ.6HGQIQhjigMkJ
6HGQ<?I­hji@MZ<XI/>�-g�&¶CP·B5<?>�0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP�fW<XPLB5<X>VBC8;�?2@�.- U�- �=<XG/GQ<?>@[\I�JF[»<XiAPO4 8)�
hjiA<XP -`8HhjiA<?��� <?GQG/<X>5��±�PLÆ.MO<�2A>CB 2)TbBA<?P3<XI/>�R.<?PjMOhjiAPjK;>CN.JL<?P�03PL:=<?I/JLMLMZ�=<?I­hjiA<?P·RH<?PO�
f`<?>CB5<?JX-

ÃF<?P"RHT.G/G­8HMLMOTH�?I­8)JLI/R.<�-`8.hjiA<°iC8;J&[�8)�5IQ[\8HG/<X> �·8HPLB5f�8;PL<a��032A47f`8H>CBÁ�aBA8�47¶CP��k<XBA< -`8HhjiC<a�
� <?GQG/<E<XI/>C<E®°<?PL6HGQ<?I­hjiCMOG/T.6HIQN²47¶AP¯B5IQ<E8;>C6H<?GQ<?6HJO<E0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPL8.B5PO<tMOMO<VRHTHPLiC8H>CB5<?>
I­MZJX-¡UW<XI/[ ª·8.hjiAG­8HB5<X>©B5<XM -`8HhjiA<S8H2CMzBA<?[ 03PL:g<XI�JjMOMO�g<XIQhjiC<?Pz<X>9JLMZJO<?i9Jz:=<?I`RHT.G/GW:g<?�
GQ<?6HJO<X[ -`8.hjiA<£BAI/<»�APj8;6H<z>C8Hhji BA<?P·®°<XPLBAPLKH>A6H2A>C6.MLMkJLPL8;JO<?6.I/<.-AÃz- i�- f`<?G­hjiA< �=<XG/GQ<zMOTHGQG
8H2CMËB5<X[ -`8.hjiA<�IQ>©B5<?>©0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPËRH<XPLB5PjK;>C6;J^2A>CB�8;>gMOhjiAGQIQ< �H<X>CB²B52APjhji�B5<?>
Å�>CiC8;G/JÇ<?IQ>A<?PÇ8H>CB5<XPO<X> 03PL:=<?I/JLMLMZ�=<?I­hjiA<?PO���=<?GQG/<V¶A:=<?PjMOhjiCPOIQ<?:=<?>¬fW<XPLBA<?>�-¡º�IQ>A<�iCKH25«C6
R.<?PLfW<X>CB5<?JO<Ç�9JOPj8)JL<?6.I/<\I­MkJzÊ <X8HMZJZ�  �<tha<?>9JLG/Y9���·MO<XBÁ�ÁBÁ- i�-�<XI/>A<ÇBA<?PË8;[ GQKH>A6.MZJO<X> >CIQhji9J
:=<?>b25JL�aJL<?> �=<XG/GQ<?>Vf�I/PjB¯RH<?PjB5PjK;>A6HJX-

Ã�8HM@Ê  `�3��®°<XPZ4 8HiAPL<?>´N)8;>C>�¶A:=<?P@<?IQ>A<X> �=2A6.POI/ÄÁMZ�tK;iAGQ<?P � ��JLI/GQIQ�X8)JLI/T.> -WT.2A>9JO<?P)�
BA<?P3-`8.hjiA<a���=<?GQGQ<?>»PO<t8;GQIQMOI/<XPZJ°f`<?PjB5<?> -;UW<XI �k<XBA<?P� �<?47<?PL<?>A�XI/<XPO2C>A6]<?IQ>A<?P � <?GQG/<�f�IQPLB\B5<XP
� 2A6HPLI�ÄÁMO�XK;iCG/<XPÇ8;254^<?IQ>A<?>¼47<tMkJL<?> ! <?POJS6H<tMZ<?JO�aJt��f�K;iAPL<?>CB¬B5IQ< �=2A6.POI/Ä MO�XKHiAGQ<?PÇ8;GQGQ<?P
8H>CB5<XPO<X> �=<XG/GQ<?>£[»IQ>AIQ[�8;Gb:AI­M&�X2AP°�·B5<XNbPO<X[»<X>9JOIQ<?POJ&f`<?PjB5<?>�-xº�IQ>A<�B5<?P��=<XG/GQ<?>£[\I�J�B5<X[
>CI/<tB5POIQ6.MZJO<X> ! <XPZJ�B5<XM �=2A6.POI/Ä MO�XKHiAGQ<?PjM°f�I/PjB\:=<?I=RHTHGQGQ<?[ -`8.hjiA<3R.<?PjB5PLKH>A6;Jt- !¦IQPLB�B5<XP
! <?POJ]B5<XM �=2A6HPLI/Ä MO�XKHiAG/<XPLM3:g<XI0�k<tB5<?["�=2C6HPLI�Ä²8;2543�	2 �\6H<tMZ<?JO�?JX�Cf`<?>C> �²B5IQ<£0·>A�X8HiAG
BA<?P -`8.hjiA<a���=<?GQGQ<?>SI­MZJX�CMOT�MZIQ>CB¯�?2 �k<XB5<XP��=<?I/J3[\I/>gB5<XMZJO<X>CM��	2 � �=2C6HPLI�ÄÁMZ�tK;iAGQ<?P��C-AÃ·IQ<
�X2A6H<XiAÆHPLIQ6H<?> � <?GQG/<X>©NHÆ.>A>A<?>�R.<?PjB5PjK;>A6HJËfW<XPLB5<X>�-¡Ã·IQ<XM£6HIQG�Jt�"BC8 BA8.M£�E8;�5I/[£2A[ 47¶AP
8HG/GQ< �=2C6HPLI�ÄÁMZ�tK;iAGQ<?P¡<XPOPL<?I­hji9J�f�I/PjBÁ�;f`<?>A> �k<tB5<?P �=2A6HPLI/Ä¯8;254Á<XI/>A<38H>CB5<XPO<��=<XG/GQ<3<XPZ47T.G/6HJX-
ªF8Hhji �	2 � �=2C6HPLI�Ä <?>@MZIQ>CB@B5IQ< �=2A6HPLI/Ä MO�XKHiAG/<XP�>AIQhji9J3:=<aJLPOTHÄ=<X>A<?P��=<XG/GQ<?>@�»6H<XfWT.PLB5<X>�-
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ÃF<?P`Ã·IQPL<Xh JO�$� 8;�A�AIQ>A6H��-`8.hjiA<�iC8)J`B5<?>Ç6.<?PLI/>C6.MZJO<?> �F8;PjB5f`8HPO<t8;2547f�8;>gBÁ-;Ã·IQ<XMWf�IQPLB
BA2APLhji�<XI/>C<Ë47<XMZJO< �=2AT.PLB5>b2A>C6�RHTH>�0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPZ�`2A>CB -`8.hjiA<a��0�B5PL<XMLMZ<X>¯<XPOPL<?I­hji9JX-
ºWM]6HIQ:5JË6H<X>C8;2 <?IQ>A<�®°<?PL6HGQ<?I­hjiCMOG/T.6HIQNV47¶APË8;GQG/< -`8.hjiA<a���=<XG/GQ<?>�-ÁÃF<?PËÃFI/PL<XhaJZ���E8;�C�AI/>C6;�
-`8.hjiA<]8;PL:g<XI�JL<aJ�f�IQ<F47T.G/6HJX�AÃFI/<Ë0·PO:=<?I/JLMLMO�g<XIQhjiA<XPL8.B5PL<XMLMZ<X>ÇfW<XPLBA<?>VI/>V�?f`<?I�Â&<?IQG/<]8H254 �
6.<aJL<?IQG�Jt��B5I/<�0�B5PL<XMLMZ�$É^<X>A>b2A>A6ST5B5<XP]0�B5PO<tMOMZ��Â&8H6S2A>CB B5<X> 0�B5PL<XMLMZ��Å�>CBA<a�Á-Á��I�J �·I/G/47<
BA<XM\0�B5PL<XMLMk�$Å�>CB5<?�²f�IQPjB©<?IQ>A< -`8HhjiA<?��� <?GQG/<V8HB5PL<XMLMZIQ<?POJX-"Ã·IQ<�0�B5PL<XMLMk��É^<?>A>b2A>C6 �k<XB5<XP
6.<?G­8HB5<X>A<?>V03PL:g<XI�JjMOMO�=<?I­hjiA<?PL�?<XG/GQ<·f�IQPLB¯IQ[ -`8HhjiA<�6H<tMZ�=<?I­hjiA<?POJX-bÃFI/<]03PL:=<?I/JLMLMZ�=<?I­hjiA<?PO�
�X<?GQG/<]GQIQ<?6;J�>b2A>@6H<X>C8;2@BA8H>A>¯IQ[ -`8.hjiA<H�5f`<?>C>VB5IQ<Ë0�B5PL<XMLMk��É^<?>C>92C>A6£B5<XP38;>A6.<?GQ<?6HJO<?>
0·PO:=<?I/JLMO�=<?I­hjiA<?Pj8HB5PL<XMLMO<F[\I/J·B5<?P30�B5PL<XMLMZ�$É^<X>A>b2A>A6»I/[ -`8HhjiA<�¶A:=<?PL<?IQ>CMkJLI/[\[zJX-



�.� � ��� ���
� � � � 
 � � ��������� ��� �

 ������
 ���
� � � � � � �)�
��� � ���	�
� ��


Comparator

Memory Address A with a Bit

Address-Tag Adress-Index

Address-Tag Data

0

4

5

1

2

6

7

z Bit
011

a-z Bit
1010

3 1010

Cache Fault

Data Read

! <?>A> 
 @ BAI/<£±�PLÆ��.<zB5<tM -`8HhjiC<ËIQMZJX�gf�I/PjB�B5<XP�0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP3RHT.[ -`8.hjiA<z8;2gM
6.<XMO<?iA<X>ÇI/> 
 < ��@ �b<?I/JO<X>¯B5<XP�±�PLÆ��.<#
 @ 8H25476H<?JO<?IQG/JX-bº�IQ>A<Ë�b<?I/JO<�N)8;>A>V8;G­MZT£RHTHGQG­MkJjK;>CB5IQ6
IQ>»BA<?> -`8HhjiA<`8;:A6.<?:AIQGQBA<aJ°fW<XPLBA<?>�-)03GQGQ<?PjB5I/>C6.M"NHÆ.>A>A<?>£NH<XI/>A<�03PL:=<?I/JLMO�g<XIQhjiA<XPZ�$Å�>AiC8HG�JL<
8H2CM]RH<XPLMLhjiAIQ<XB5<X>A<?>��b<XI�JL<?>�[\I�J»6HGQ<?I­hjiA<?[ 0�B5PL<XMLMk�$Å�>CB5<?� I/[ -`8HhjiC<�6H<?[\<XI/>CML8;[ 6H<?�
MO�g<XIQhjiC<?POJ	fW<XPLBA<?>�-;Å�>¯B5I/<tMZ<XPW�bI/JO2C8;JOIQTH>�«g>CB5<aJW<?IQ>A<·®°<XPLB5PjK;>C6H2A>A6]8H2CM	B5<X[ -`8HhjiA<�IQ>
B5<X>�03PL:g<XI�JjMOMO�g<XIQhjiC<?P3MZJL8)JOJX-AÃFI/<]®°<XPLBAPLKH>A6H2A>C6.MLMkJLPL8;JO<?6.I/<FIQMZJ38;G­MZT»47<tMkJt-

�=f�I­MOhjiC<?>@B5<?[ ÃFIQPO<th JZ���E8H�A�AIQ>A6;��-`8HhjiA<F2A>CBVB5<?[ RHTHGQG­8HMLMZT.�?I­8)JOIQRH<X> -`8HhjiA<^MZJO<?GQG/J
B5<XP&�b<?JZ��0·MLMZT5haI­8)JLI/R.<a��-`8HhjiA<"<?IQ>A<X>^ÉFTH[\�APLTH[\I­MOM=IQ>ËU`<?�?2C638;2545B5<?> �F8;PjB5f�8;PL<a��032547f�8;>CB
2A>gB B5IQ<\�&GQ<a�5IQ:AIQG/I/JLK;J]BA<?P^®°<?PjB5PjK;>A6.2A>A6.MLMZJOPj8)JO<X6HIQ<zBA8HPX- Ã·<XPz�b<aJO�$0FMOMOT5haI­8)JLI/R.<a��-`8HhjiA<
:=<XMZJO<Xi.J38H2CM`[»<XiAPL<?PL<?>¯U`GQÆ5hjNH<?>S[»I/J��k<^<?IQ>A<?P�®°<?PL6HGQ<?I­hjiCMOG/T.6HIQN �.f`TH:=<?I �k<XBA<?P�<?IQ>A�?<XG/>C<
U`GQTbhjNzf�I/<�<XI/>�ÃFI/PL<XhaJZ���E8;�A�CI/>A6H��-`8.hjiA<�8;PL:g<XI�JL<aJX- �=2AP	0·:A:AIQGQB52C>A6Ë<?IQ>A<XP�03PL:g<XI�JjMOMO�g<XI��
hjiA<XPO�X<?GQG/<¯MkJL<?iA<X>©>b2A> 
 � RH<?PjMLhjiAI/<tB5<?>C<ÇUWGQÆ5hjNH<Ç�X2APz®°<XPZ47¶C6H2A>A6g�"MOT BA8.MOM£<?IQ>A<¯®°<?PO�
B5PjK;>C6H2A>A6��.- U�-&>C8Hhji©B5<X[ Ê  ����$®°<?PO4 8;iAPL<?>�8H2CMzB5<X[ U`GQT5hjN [\I/J»B5<XP£8;[ G­K;>A69MkJL<?>
>AI­hji9J`PL<a47<XPO<X>A�?IQ<?POJO<X> -`8HhjiA<?��� <?GQG/<·MZJL8;JZJO«C>CB5<X>SN)8;>A> -9º	I/> -`8HhjiA<?�$U`GQT5hjNzI­MkJ�¶A:AGQIQhjiC<?PO�
f`<?I­MZ<�<XI/>C<F03PL:=<?I/JLMLMZ�=<?I­hjiA<?PjMO<?I/JO<�G­8;>A6g�.MOTzBA8HMLM°[�8)�5IQ[�8;G � <?GQG/<X>�[»I/JW6.G/<XIQhjiC<?[ Å�>gB5<a�
8H2CM#
 � RH<XPLMLhjiAIQ<XB5<X>A<?>E�b<XI�JL<?> 6.<?iC8HG�JL<?>�IQ["-`8HhjiA<z6HGQ<?I­hjiA�?<XI�JLI/6Ç6.<XMO�g<XIQhjiC<?POJ·fW<XPLBA<?>
N.ÆH>A>A<X>�-
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Comparator Comparator ComparatorComparator

Address-Tag Data

1111

0

4

5

1

2

6

7

3

0

4

5

1

2

6

7

3

Address-Tag Data

0000

0

4

5

1

2

6

7

3

Address-Tag Data

0010

Address-Tag Data

0

4

5

1

2

6

7

3 1110

Memory Address A with a Bit

Address-Tag Adress-Index

0111010
z-k Bita-z+k Bit

Selection
Logic

Cache Fault

Data Read

�I��� �B � 
�$ F���?!&	53./5J0D$'& �>�	&�) F���? 
�2#8D$'&��
U`<XI��5YbMZJO<X[\<?>
[\I/J»[\<XiAPO<XPO<X>�~�PLTH�?<tMOMOTHPL<?>�[\I/J»GQTHN)8HG/<X[ -`8.hjiA<a�k�b�=<?I­hjiA<?Pt�&BAI/<@8;254
<XI/>C<?>V6H<?[\<XI/>CML8;[\<X>S03PL:g<XI�JjMOMO�=<?I­hjiA<?P`�?2A6.PO<XI�47<X>��9NHÆH>C>A<?>¯RH<?PjMLhjiAI/<tB5<?>C<·032CMO�APjK;6.2A>5�
6.<?>ÇB5<XP	Ã�8)JO<X>�I/>ÇBA<?>�GQTHN)8;GQ<?> -`8HhjiC<XM°2A>gB\I/[c03PL:g<XI�JjMOMO�=<?I­hjiA<?P�:C�?6HG�-;<XI/>A<XP�6H<X[\<?IQ>5�
ML8;[\<X>\0·PO:=<?I/JLMLMO�g<XIQhjiA<XPL8.B5PL<XMLMZ<�<?>9JjMkJL<?iA<X>�-HÃFI/<tM�I­MkJ��.- U�-.BA<?P	�g8;GQG¤�;f`<?>C>»<XI/>�~	POT.�?<XMZ�
MOTHP�<XI/>A<X>VÃ�8)JL<?>bf`<?POJ`IQ>�MZ<XI/>A<X[ G/T.N)8;GQ<?> -`8HhjiA<^K;>CBA<?POJX�5B5<?>V<?IQ>@8;>CB5<XPO<XP�~�POT.�?<tMOMOTHP
<X:g<X>54 8;GQG­M&IQ>£MO<?IQ>A<X[ -`8HhjiA<W6H<XMO�=<?I­hjiA<?POJ&iC8;JX-xÃF8H>A>z<X>9JLMZJO<?iC<?>z2C>.JL<?PjMOhjiCI/<tB5G/I­hjiA<`032CMZ�
�CPLKH6H2A>A6.<?> BA<XM]Ã�8)JO<X>bfW<XPZJL<XMFI/[ 0·PO:=<?I/JLMLMO�g<XIQhjiA<XP^2A>CB I/>²B5<?> GQTHN)8;GQ<?> -`8HhjiA<tMFB5<XP
~	POT.�?<XMLMOTHPL<?>�-�Ã�8;[\I/JË<?IQ>�~�POT.�?<tMOMOTHP]8;G­MOTV>CIQhji9JË[\I�Jz4 8;G­MOhjiA<X>�� BÁ- i�-&>AIQhji9JË[\<?iCPz8;N9�
JL2A<?GQGQ<?>�� Ã�8)JL<?>bf`<?POJO<?> 8;PL:g<XI�JL<aJt��N)8;>A> [�8;> 47THPjB5<?PL>��ÁBA8HMLM�NH<XI/>A<\2A>9JL<?PjMOhjiAIQ<XBAG/I­hjiA<?>
Ã�8)JL<?>bf`<?POJO<�IQ>¼8HG/GQ<?> -`8.hjiA<XM»2A>CB¼IQ[¸0·PO:=<?I/JLMLMO�g<XIQhjiA<XP�:A�?6.G¤-	<?IQ>A<?PÇ6.<?[\<?IQ>CML8;[\<?>
0�BAPO<tMOMO<^<a�5IQMZJOIQ<?PL<?>@B5¶APO47<?> -CÃ·IQ<XMO<]�AT.PLB5<XPO2C>A6£>C<?>A>9J3[�8;>�ÉFTH>CMOIQMZJO<X>A�H-

Ã�8HM�MOTH6.<?>C8H>A>9JO< ! PLI�JL<a��Â�iAPLTH2A6.i5��~	POTHJOTHN.THGQG3<?PO47¶AGQG�J BAI/<²É·T.>CMOIQMZJO<X>A�a47T.PLB5<XPO2C>A6C�
�·I/<XPO:=<?I"f�IQPLB@:=<?I"<?IQ>A<?[³�5hjiCPO<XI/:A�X2A6HPLI/Ä 2A>C8H:AiCK;>C6HIQ6ÇBA8xRHT.>��CT.:EB5<?P�ÃF8;JO<?>bf`<?POJ3I/[
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-`8.hjiA<ÇGQI/<X6;J£T5B5<XP£>CIQhji9JX�¡B5<XP»0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP»8HN.JL2C8;GQI­MZIQ<?POJX-"Ã·IQ< -`8.hjiA<a��-WTH>9JOPLTHGQGQ<?P
8HG/GQ<?P¯~�POT.�?<tMOMOTHPL<?>¼MZIQ>CB¦[\I/JVMOTH6.<?>C8H>A>9JO<?PS�5>ATbTH�5��Ê�T.6HI­h � MO>ATbTH�´iA<XI �HJ¯MLhjiA>b¶5Ä=<XG/>��
8H2CMZ6.<XMZJL8;JZJO<?JX�5BÁ- i�-CMOI/<^iAÆ.PO<X>VBAI/<Ë0�B5PL<XMLMO<?>¯8H254"BA<?[ 6.<?[\<?IQ>CML8;[\<?>@0�B5PL<XMLMZ:C2CM`�?2A[
0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP	8;:�-.UW<XI �k<XBA<?[cMOhjiAPL<?IQ:=<?>CB5<X> �=2A6HPLI/ÄS<?IQ>A<XM�~�POT.�?<tMOMOTHPjM¡8;254�B5<X>Ç03PO�
:=<?I/JLMLMZ�=<?I­hjiA<XP3¶A:=<?PL�APO¶A47<?>E8;GQGQ<Ë8;>CB5<XPO<X>@~�POT.�?<tMOMOTHPL<?>V[\I�J��·I/G/47<ËIQiAPL<?PF�b>CT9T.�5��Ê�TH6.IQhH�
T.: MOI/<@B5IQ<V0·PO:=<?I/JLMLMZ�=<?I­hjiA<XPL8.B5PO<tMOMO<ÇIQ> IQiAPL<?[ -`8.hjiA<S6.<?G­8HB5<X>
iC8H:g<X>�-¡ÅkMkJ�B5IQ<XM�B5<XP
�g8;GQG¤��MOT f�IQPjB
B5IQ<@:g<?JOPL<aÄ <?>CB5< -`8.hjiA<a���=<?GQGQ<¯8;G­M»2A>A6.¶AG�JLI/6²[�8;PLNbI/<XPZJt�"B�- i�-�MOIQ<V[£2CMLM
:=<?IQ[�>CK.hjiCMkJL<?>¬Ê�<XMO<?�X2A6HPLI/Ä¦8H2CM\B5<?[�0·PO:=<?I/JLMLMO�g<XIQhjiA<XP\I/>¼B5<?> -`8HhjiC<ÇJOPj8;>gMk47<XPOIQ<?POJ
f`<?PjB5<?> -

-`8HhjiA<?���=2gMkJj8;>CB 03N9JOIQRH<XP�~�POT.�?<tMOMOTHP � :APLI/6.<�~	POT.�?<XMLMOTHPL<?>
Ê�<tMZ<?47<?iAG­MOhjiCGQ8H6 ! THPOJ�IQ> -`8HhjiA<^iAT.G/<X>

Ê�<tMZ<?JOPL<aÄ <?P Ã�8)JL<?>�8;2gM�-`8HhjiA<^>b25JO�X<?>
�5hjiCPO<XI/:547<XiAG­MOhjiAG­8;6 0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP38;N9JO2C8HG/I­MOI/<XPO<X>

�5hjiCPO<XI/:5JLPO<?Ä=<XP -`8.hjiA<H�50·PO:=<?I/JLMLMZ�=<?I­hjiA<XP38;N9JO2C8HG/I­MOI/<XPO<X> -`8HhjiC<�IQ>bR)8;GQIQB5IQ<?PL<?>

Prozessor

Cache Snoop-Logic Snoop-Logic Cache

Prozessor

Shared Memory

Write

Address

CPU 2CPU 1

Write

Address Bus

Data Bus

Address Address

Invalidate

Ã�8 �k<tB5<S�5hjiAPL<?IQ:=TH�=<?Pj8)JOIQTH> ¶A:g<XPËB5<?> 6H<X[\<?IQ>CMO8H[\<?> U`2CM^�X2A[ 0·PO:=<?I/JLMLMZ�=<?I­hjiA<XP
G­K;254 Jt�5IQMZJ3BA8HM3! POI/JO<?�$Â�iCPOT.2A6Hi5�$~�PLT;JLTHNHT.G/GC>92CP�47¶AP�fW<X>AI/6.<F~	POT.�?<XMLMOTHP�4 MW6H<X<?IQ6H>A<?JX-5�3[
B5<X>zÃ�8)JO<X>bRH<?PLNH<XiAP �X2A[ 6H<X[»<XI/>gMO8H[»<X>z03PL:=<?I/JLMLMZ�=<?I­hjiA<?P"�?2z:g<X6HPL<?>A�X<?>��tf�2APjB5<?>Ë~	POTH�
JLTHNHT.G/GQ<·<X>9Jkf�IQhjN.<?G/JX�b:g<XI�B5<?>C<?>V>AIQhji9J38;GQGQ<^�5hjiCPO<XI/:=TH�=<?Pj8)JLI/T.>A<?>V8;254&BA<?>@03PL:g<XI�JjMOMO�g<XI��
hjiA<XP�47¶AiAPL<?>�-

º�IQ>�MZT.GQhjiA<tM^~�PLT;JOT.NHT.G/G"IQMZJz��ºW�5Å � BA8HM^�.- U�-�8H: B5<X[ ~¡<?>9JLI/2A[ ÅZÅ�I/>�B5<XPË�H�)�A�.�)�
 �<XI/iC<]RHTH>VÅ�>9JO<XG�<?IQ>A6H<tMZ<?JO�?J�f�IQPjBÁ-��=2AP� 3<X8;GQI­MZIQ<?PL2A>A6\B5<XM·��ºW�bÅ$�$~�PLT;JOT.NHT.G/G­M�MZIQ>CB@B5IQ<
�b>CT9T.�5��Ê�TH6.IQh 4 M°BA<?P	~	POT.�?<XMLMOTHP�4 M¡[\I/JW�?2gMOK;JO�?GQI­hjiA<?>S�9JL<?2A<XPLMOIQ6H>C8HG/GQ<?I/JO2A>C6H<?>»47¶AP�Â&PO<?Ä=<XP
IQ>�B5<?> -`8HhjiA<tM �'�·ÅkÂ�2A>gB �·ÅkÂ���T5B5I/«C<XB0�`[\I/JO<XI/>C8H>CB5<XP3RH<XPO:A2C>CB5<?> -

U`<?I`��ºW�bÅ]f�IQPLB²<XI/>C<SMOhjibf�KHhjiA<XPO<\U`<XB5IQ>A6.2A>A6E8;G­MzBAI/<SÉFTH>gMZI­MkJL<?>A�\>CKH[\G/I­hji©B5IQ<
ÉFTHiCKHPO<X>A��6H<?47THPjB5<?POJX-H�bIQ<·:=<XML8;6HJX�HBC8HMLM �k<XB5<XP	~�PLTH�X<XMLMZT.P°:g<XIC<XI/>A<X[ Ê <XMO<?R.THPL6.8;>C6�B5<X>
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8HN9JO2A<XG/GQ<?> ! <?POJ IQ[ -`8HhjiA<°<XPOiCKHG�Jt- �.<XB5<XP
-`8HhjiC<a�$º�I/>9JLPL8H6�Nx8H>A>]:=<?IQ[ �EºW�bÅ$�$~�POTHJOT.NHTHGQG
<XI/>C<?>@RHT.>¯RbIQ<?P��=2CMZJLKH>CB5<X>¯<XI/>A>C<?iA[\<?> �

�EºW�bÅ$���=2CMZJLK;>gB5< RH<XPLKH>CB5<XPZJL<?P3! <XPZJ 2A>bRH<XPLKH>CB5<?POJO<XP ! <?POJ
<a�5NbG/2CMOIQRÇI/>@<XI/>A<X[ -`8.hjiA< ���Aº��5h?G/2gMZIQRH<]��T5B5I/«C<XB º3�Aº°�AhaGQ2CMOI/R.<]�3>A[\T5B5I/«C<XB

6.<?[\<?IQ>CML8;[�IQ>@[\<?iAPL<?PL<?> -`8HhjiA<tM Å �AÅ�>bRx8HG/I­B � �C�biC8HPO<tB¯�·>A[\T5B5I�«g<XB

U`<XI/[ �3T5hji54 8;iCPO<X>@BA<XM� �<thjiA>A<XPLM�f`<?PjB5<?>�8HG/GQ< -`8HhjiA<?��º	I/>9JOPjK;6.<�8HGQM32A>A6H¶CG�JLI/6�6.<a�
N.<?>A>C�?<?I­hjiA>A<?JX-AÅ�[ UW<?JOPLI/<X:@NHÆH>C>A<?>V�?f`<?I��¡K;GQGQ<�2C>.JL<?PjMOhjiCI/<tB5<?>VfW<XPLBA<?>��

N Å�>S~	POT.�?<XMLMOTHP·,�f�IQPLB¯8;2CM�B5<X[�03PL:g<XI�JjMOMO�g<XIQhjiC<?P�6H<XG/<tMZ<X>��9B�- i�-ABAI/< -`8HhjiA<?��� <?GQG/<
:=<a«C>CBA<aJ`MOI­hjiÇI/[ �=2CMZJL8H>CB�Å�>bR)8;GQIQB�-H~�PLTH�X<XMLMZT.P�,·MZIQ<·GQ<?6HJ	<?IQ>A<�0�B5PO<tMOMO<38;2A4 B5<?>
0�B5PL<XMLMZ:C2CM?-5Å�>@B5IQ<XMO<?[��C8;GQGÁNHÆ.>A>A<X>S47T.G/6.<?>CB5<Ë�bI/JO2g8)JOIQTH>C<?>@<?>9JLMZJO<XiA<?> �

,.-�Ã·IQ<»�b>CT9T.�5��Ê�TH6.IQh 4 M·8;GQG/<XP·8;>CBA<?PL<?>�~�PLTH�X<XMLMZT.P 4 M�<?PLNH<X>A>A<X>��gBA8.MOMFMZIQ<zB5IQ<XMO<
0�B5PO<tMOMO<�I/>\IQiAPL<?> -`8HhjiA<tM°>AI­hji9J�6H<?G­8HBA<?>»iC8;:=<?>�-9Ã·<XP3�=2CMZJL8H>CB\B5<?P -`8HhjiA<
�=<?GQG/<^f�IQPLB¯º°�AhaGQ2CMOI/R.<]�3>A[\T5B5I/«C<XB@6.<XMO<aJO�?JX-

�A-�Ã·IQ< �b>ATbTH�A�$Ê TH6HI­hV[\I/>CBA<XMZJO<?>gM�<?IQ>A<?P¯8;>CB5<XPO<X> ~	POT.�?<XMLMOTHPt�"�.- U�-�~	POT.�?<XMZ�
MZT.P �5�=<?PLNH<X>A>9JX�=BA8HMLMFMOIQ<£B5IQ<»0�BAPO<tMOMO<ËIQ[ -`8.hjiA<z6.<?G­8HB5<X>�iC8)Jt�Á8;:=<?P^B5<?>
! <XPZJS>CIQhji9JÇRH<XPLKH>CB5<XPZJ�iC8;J �7º°�Ah?G/2CMOIQRH< �·>A[\TbBAI�«C<tB¼T5B5<?P@�biC8;PL<XB¼�·>5�
[»T5B5I/«C<tB0� -"~�PLTH�?<tMOMOTHP �EMZ<X>CB5<aJ»BA8HM»�bI/6.>C8;G �3ÅkÂ^�"G/<X6;J£B5IQ<¯0�BAPO<tMOMO<Ç8;254
B5<?>
0�BAPO<tMOMO:A2CMz2A>CB�¶A:=<?PO47¶AiAPOJ�B5I/< -`8HhjiA<?��� <?GQG/<�IQ>
B5<X> �=2CMZJL8H>CB©�biC8;�
PO<tB©�3>A[\T5B5I/«C<XB�-°~�POT.�?<tMOMOTHP¯,S<?PLNH<X>A>9J»BA8.M �·ÅkÂ`���5I/6.>C8;G`2A>CB¬MZ<?JO�?J\B5IQ<
-`8HhjiA<?���=<XG/GQ<��?2@B5I/<tMZ<XP30�B5PL<XMLMZ<^<?:=<?>A4 8;GQGQM�8H254°�5iC8;PL<XBV�3>A[\T5B5I/«C<XB�-

eC-�Ã·IQ< �b>ATbT.�5�$Ê TH6.IQh@6.<?>C8H2¬<XI/>C<?P¯8H>CB5<XPO<X>¬~	POT.�?<XMLMOTHPt�°�H- UF-W~�PLTH�?<tMOMOTHP �A�
<?PLNH<?>C>.Jt� BA8.MOM£MZIQ<¯B5IQ<S0�B5PL<XMLMO<ÇI/[ -`8.hjiA<Ç6H<XGQ8.B5<?>²2A>gB
B5<X> ! <XPZJ»RH<?PO�
K;>CB5<XPZJ`iC8)J �7º��5h?G/2gMZIQRH<���T5B5I�«g<XB0�a-5~�POT.�?<tMOMOTHP �ËMZJL8;POJO<?J`BA8.M  �¶ChjN5MOhjiCPO<XI��
:g<X>¦I/>¦B5<X>´03PL:g<XI�JjMOMO�g<XIQhjiC<?PÇ2A>gB¼RH<?Pj8;>CGQ8.MOMZJ�~�POT.�?<tMOMOTHP@,��?2¦f�8;POJO<X>��
:AIQM�<tM�RHT.G/GQ<?>gB5<aJ�I­MkJt-A~�PLTH�?<tMOMOTHP �»MO<?>CB5<?J·BA8HM3�5I/6.>C8;G �·ÅkÂ���T5B5I/«C<XBÁ�CG/<X6;J
B5I/<]0�B5PL<XMLMO<^8H254"BA<?>�0�B5PL<XMLMZ:A2gMW2C>CBV¶A:g<XPZ47¶CiAPZJ·BAI/< -`8.hjiA<a���=<?GQGQ<FIQ>�B5<?>
�=2CMZJL8;>gB��biC8HPO<tB´�3>C[»T5B5I/«C<tBÁ-�~�PLTH�?<tMOMOTHP , GQIQ<XMZJ@B5<X> ! <?POJ�8;2CM@B5<X[
03PL:g<XI�JjMOMO�g<XIQhjiC<?P»2A>CB©<XPON.<?>A>9J\BA8HM �3ÅkÂ���T5B5I/«C<tBb���5I/6.>C8;G`2A>CB¬MZ<?JO�?J\B5IQ<
-`8HhjiA<?���=<XG/GQ<��?2@B5I/<tMZ<XP30�B5PL<XMLMZ<^<?:=<?>A4 8;GQGQM�8H254°�5iC8;PL<XBV�3>A[\T5B5I/«C<XB



�H� � ��� ���
� � � � 
 � � ��������� ��� �

 ������
 ���
� � � � � � �)�
��� � ���	�
� ��


Prozessor

Cache Snoop-Logic Snoop-Logic Cache

Prozessor

Shared Memory

Address

CPU 2CPU 1

Address Bus

Data Bus

Address

Invalidate

Read
Address

HIT: Zustand E, S
HITM: Zustand M

HITM

HIT

Zustand S

Write Back

N Å�>¼BA<?> -`8HhjiA<�B5<XPÇ~�PLTH�X<XMLMZT.PV,@f�IQPLB¬6.<XMLhjiAPOIQ<?:=<?> -"Å�>¦B5IQ<XMO<?[��C8HG/G3N.ÆH>A>C<?>
47THGQ6H<?>gB5<z�bI/JO2C8;JOIQTH>A<X>¯<X>.JjMkJL<?iA<X>��

,H-�ÃF<?P��=2CMZJL8H>CBËB5<XP�-`8.hjiA<a���=<XG/GQ<�IQ>z~�PLTH�X<XMLMZT.P	,	I­MZJ"º°�Ah?G/2CMOIQRH<W�·>A[\T5B5I�«g<XBÁ�
ÃF<?P ! <XPZJ f�IQPjBFIQ>ËB5<X> -`8HhjiA<°6.<XMLhjiAPOIQ<?:=<?>^2A>gB]B5<?P
� 2CMkJj8;>CB^IQ>]º°�AhaGQ2CMOI/R.<
��T5B5I/«C<tB¯¶C:g<XPZ47¶AiCPZJt-

�5-�ÃF<?P �=2gMkJj8;>CB B5<?P -`8.hjiA<a���=<?GQGQ<£IQ> ~	POT.�?<XMLMOTHP»,£I­MkJ]º°�Ah?G/2CMOIQRH<���T5B5I/«C<XBÁ�
ÃF<?P�! <?POJ�f�I/PjBVI/>@B5<X> -`8.hjiA<^6H<tMOhjiAPLIQ<?:=<?>S2C>CB@B5<?P��=2gMkJj8;>CBV:AGQ<?IQ:5JX-

eA-�ÃF<?P �=2CMZJL8H>CBEB5<XP -`8HhjiA<?���=<XG/GQ<ËIQ> ~�PLTH�X<XMLMZT.Pz,£IQMZJ]�5iC8;PL<XBE�·>A[\T5B5I�«g<XBÁ�
~�PLTH�X<XMLMZT.P·,^MZ<X>CB5<?J �·ÅkÂ���T5B5I/«C<XBÁ�5GQ<?6HJ�BAI/<]0�B5PL<XMLMZ<�8;254¡B5<?>V0�B5PL<XMLMZ:A2gM
2A>gB^¶A:g<XPZ47¶CiAPZJ"B5I/< -`8.hjiA<a���=<XG/GQ<¡I/>ËB5<X> �=2CMZJL8H>CB�º°�AhaGQ2CMZIQRH<��ETbBAI�«C<tBÁ-XÃFIQ<
�b>CT9T.�5��Ê�TH6.IQh 4 M\B5<XPS8;>gB5<?PL<?>¬~�PLTH�?<tMOMOTHP�4 M£<XPON.<?>A>C<?>¦BA8HM �·ÅkÂ���T5B5I/«C<XBb�
�bIQ6H>g8;G;2A>gB^¶A:g<XPZ47¶CiAPO<X>^6H<?G­8HBA<?>A< -`8.hjiA<a���=<?GQGQ<?>·�X2AP 8H>AG/IQ<?6.<?>CBA<?>]03PL:g<XI�JjMk�
MO�g<XIQhjiC<?Pj8HB5PL<XMLMZ<FI/>�B5<X> �=2CMZJL8;>gBSÅ�>bR)8;GQIQB�-

�C-�ÃF<?P �=2CMZJL8H>CBEB5<XP -`8.hjiA<a���=<?GQGQ<]I/> ~�POT.�?<tMOMOTHPË,£IQMZJFÅ�>bR)8;GQI­BÁ-��·I/<XPF6.I/:AJ�<tM
�XfW<XIÁ2A>9JO<?PjMLhjiAI/<tB5GQIQhjiA<Ë�9JLPL8;JO<X6HIQ<?>��
� 8 �SU`<?I�! PLI�JL<a��03GQG/T5h?8;JO<\f�IQPLB B5IQ< -`8.hjiA<a���=<XG/GQ<£R.<?PjK;>CBA<?POJF2A>CB²8H254`B5<X>

�=2gMkJj8;>CB�º°�AhaGQ2CMOI/R.<©��T5B5I/«C<XB 6.<XMO<aJO�?JX-·0·G/GQ<
8H>CB5<?PL<?> ~�PLTH�X<XMLMZT.P 4 M
f`<?PjB5<?>^¶A:=<?P �3ÅkÂ���T5B5I/«C<XB]BC8xRHTH>�2A>9JO<XPOPLI­hji.JL<aJt�aBA8HMLM�MOI/<°IQiAPL< -`8HhjiA<?�
�=<XG/GQ<?>@�X2AP38;>AGQIQ<?6H<X>CB5<X>V0�B5PL<XMLMO<�8H254"Å�>bR)8;GQI­B¯MO<aJL�?<?> -

�7: � ,FiA>C< ! PLI�JL<a��03GQG/T5h?8;JO<@f�IQPLB¬B5<?PÇ0·PO:=<?I/JLMLMO�g<XIQhjiA<XPÇB5IQPO<XN.J�:=<XMLhjiAPLI/<?�
:=<?>�-CÅ�>@BA<?> -`8HhjiA<^f�IQPLB¯>AI­hji9JLM�6H<XGQ8.B5<?> -
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Cache Snoop-Logic Snoop-Logic Cache
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Data Bus
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Zustand S

HITM 

Zustand I

�I��� �  ��!&	$C0D./5 ��
�$ �	$'5J0%�E-/ 40703$'&

0·GQME�5<?Nb2A>CBAKHPLMO�=<?I­hjiA<?P¯fW<XPLB5<X>´iA<X25JO< ¶A:=<?PLf�I/<X6H<?>gB��A<tMkJL�AG­8)JZJL<?>AG­8;2A47fW<XPON.< <?IQ>A6.<a�
MO<aJL�aJt-`Å�>�<?IQ>A<?[��A<tMkJL�AG­8)JZJL<?>AG­8;2A47fW<XPON¬G/IQ<?6.<?>´[\<XIQMZJO<X>CMS[\<XiAPO<XPO< �E8;6.>A<aJjMOhjiA<XI/:=<?>
¶C:g<XPO<XI/>C8H>CB5<XPX�5B5IQ<F6.<?>C8H2Çf�IQ<FIQ>S<XI/>A<XP`ÃFI­MZN.<aJZJL<FIQ>SN.TH>A�X<?>9JOPLI­MOhjiA<��b�A2APL<?>¯2A>CB¯�5<?N9�
JLTHPL<?>Ç8H25476H<?JO<?IQG/J	MZIQ>CBÁ-9�&¶CP	�k<XBA<·�E8;6.>A<aJjMOhjiC<?IQ:g<�T5B5<XP�~�G­8)JZJL<·MZJO<?iC<?>��?f`<?IgÊ�<XMO<a�&2A>CB
�AhjiAPO<XI/:CNHÆH�A47<`�X2AP�®°<XPZ47¶A6.2A>A6g�;B5I/<38H254ÁB5I/< ,F:g<XPZ��2A>gB»�·>9JO<?PjMO<?I/JO<3B5<XP°~�GQ8;JZJL<3f�I/PLNH<X>�-
0·G/GQ<W�5hjiCPO<XI/:5��2)Ê <XMO<?N.ÆH�547<¡MZIQ>CB]8H2549<XI/>C<?[�6H<?[\<XI/>CML8;[\<X>�0·PO[�2A>9JO<XPO6.<?:APj8Hhji9JX� MOT3BA8HMLM
BA<?PF�b�C2APOf`<XhjigMZ<XG 47¶AP·8;GQGQ<]~�GQ8;JZJL<?>�6HGQ<?I­hjiA�X<?I/JOIQ6»R.THGQG/�XTH6.<?>Sf�IQPjBÁ-CÃFI/< � 2CMO8H[\[»<X>54 8HMZ�
MO2A>A6�8HG/GQ<?Pz�b�C2APO<X> 8H254�B5<?[³~	GQ8;JZJO<X>CMZJL8;�=<?G	[»I/JË6HGQ<?I­hjiA<XPz�b�A2APL>b2A[\[»<XP]:g<X�?<XIQhjiA>C<aJ
[�8H> 8;G­M � Y9GQIQ>CB5<?Pt- �E8;>ER.<?PLfW<X>CB5<?J·�?2A[³0·2547:C8H2 <?IQ>A<tMF�C<XMZJO�AG­8)JOJO<?>CGQ8H2547fW<XPON5M·RH<?PO�
f�IQ>CB52C>A6.MLMkJL<?I/47<XM3� 8)JO<XPOI­8;G��ABA8.M�<?IQ>A<]iATHiC<^ÃFPL<?iA�t8;iAGÁR.TH>@h?8A-Ae.�H�.�z:AI­M·_;�.�H�»� 2)[\I/>
2C>CBS<XI/>C<�6.<?>C8H2A<·~¡T9MZI/JOIQTH>AIQ<?PL2A>A6»B5<?P3�5hjiCPO<XI/:5��2)Ê <XMO<?N.ÆH�547<3<XPO[\Æ.6HGQIQhji9JX-b�3[ B5I/<]0·:5�
>b25JL�?2A>C6zB5<?PW[�8;6H>C<aJOI­MLhjiA<?>\Â PjK;6.<?PjMOhjiCIQhji9J¡2A>CBÇB5IQ<�!´KHPO[\<?<X>9Jkf�IQhjNbGQ2A>A6]B52APjhji  �<?I/�
:C2A>A6SB5<XPF�5hjiAPL<?IQ:5��2)Ê <XMO<?NHÆ.�547<��?2�[\I/>CI/[\IQ<?PL<?>��g6HGQ<?I/JO<?>�B5IQ<£�5hjiCPO<XI/:5��2)Ê <XMO<?N.ÆH�547<^8;254
<XI/>C<?[ BA¶A>A>A<X>@Ê 254 JO�=THG­MZJO<?Pt-
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Schreib-/Leseköpfe

Zugriffskamm

Magnetplatten

03G­M��9JL8H>CBA8;PjB»47¶APW~3-�4 MWiC8H:g<X>SMZI­hjiÇMOTH6H<X>C8;>C>.JL<�ÅkÃ·º���~�G­8)JOJO<X>¯B52APjhjiA6.<XMO<aJO�?J��7Å�>5�
JL<?6HPj8)JL<XB¼ÃF<?RbIQh?<�º�GQ<Xh JLPOT.>AI­h?M � -�!¦IQ< B5<XPSª·8H[\< MOhjiCTH>¦MO8H6;Jt��IQMZJ¯B5<XPS�A<tMkJL�AG­8)JZJL<?>5�
h?TH>9JOPLTHGQG/<XP£:=<?I·ÅkÃ·º°�$~�G­8)JOJO<?>¦IQ[ Ê&8;2547f`<?PLN�[\I�JÇ2A>9JL<?PL6H<?:CPL8.hji.Jt-°03254]B5<?P�º	POf`<?I/JO<?�
PL2A>A69MZN)8;POJO<]I­MZJ·�?2A[�03>gMOhjiAGQ2CMLM3<XI/>A<XP·ÅkÃFº°�$~�GQ8;JZJL<z>b2AP·>CTbhji�<XI/>�<XI/>A4 8HhjiA<XPF0�BA8H�5JO<XP
>ATHJkfW<X>CB5IQ6C-bº�IQ>A<ËÅkÃFº°�$~�GQ8;JZJL<]IQMZJ·8;G­MZT»4 8.MkJ3B5IQPO<XN9J�8H[��bY5MZJO<X[z:A2CM�8H>A6H<tMOhjiCG/T9MOMO<?>�-

ÃF<?Pzº	>AiC8Hh?<XBb�$ÅkÃFº°���bJL8;>gBA8;PjB <?PLGQ8H2A:5J �H_._@�b<?N9JOT.PO<X> �CPOT �b�C2APË2A>CB��9_H_HeH� �=Y9�
GQI/>gB5<?Pt-�Ã·IQ<XMË:g<tB5<?25JL<aJz<XI/>C<»�=T;JL<?>9JOIQ<?GQGQ<ÇÉ]8;�C8H�?I/JLK)J]R.TH>¬, �.d5� _¯±^U`Y.JL<H- Ê <?I­B5<?PËMOIQ>CB
B52CPLhji²BA8HMzUWÅ ,^� <?IQ>A<tM]~3-�4 M][�8)�5I/[�8HG�,X� �;� � Y9GQIQ>CB5<?P][\Æ.6HGQIQhji��Áf`T5B52APjhji BAI/<ÇÉ]8;�
�C8H�?I/JLK;J�<XI/>A6.<XMLhjiAPjK;>AN9J·f�IQPLB�- ÃFIQ<»Ã�8)JL<?>b:A2CMZ�$U�8H>CB5:APL<?I/JO<£RHTH> º�>AiC8H>Cha<tBb��ÅkÃFº�G/IQ<?6HJ
:=<?IË,t�A� �²�EU`Y.JL< 2;M?-�ÃFI/<tMZ< ±�POÆ �H<?>¬MOhjig8)Ä <?>´�b�AIQ<?GQPL8H2A[�47¶CPSB5IQ<�º�>9Jkf�IQhjNbGQ2A>A6©B5<XP
�C<XMZJO�AG­8)JOJO<?>¬B5<?P\>CK.hjiCMZJO<?> �.8HiAPO<.-
�·<?25JLI/6.<V�C<XMZJO�AG­8)JOJO<X> 8;PL:=<?I/JO<?> [\<?I­MkJ\[\I�J�<?IQ>A<XP
� :g<XPZJLPL8H6H2A>A69MZPj8)JL<·R.TH>@h?8A-C_»�EU`Y9JO< 2)M�2A>gB¯<XI/>C<?P3É]8;�g8;�?I/JLK;J`R.TH> ,^:AIQM3��±^U`Y9JO<.-

�0-��bÅ$�$~�G­8)JOJO<?> ���b[�8;GQG
-WTH[\�A25JL<?P·�bY5MZJO<X[\M�Å�>9JL<?PO4 8Hha< �WfW<XPLB5<X>¯R.THP�8;GQGQ<?>@Ã·IQ>A6H<X>
IQ> ! THPLN5MkJj8)JLI/T.>CMF8H:g<XP�8H2Chji �X2A>A<XiA[\<?>CB I/> ~3-�4 M^<?IQ>A6H<tMZ<?JO�?JX-ÁÃ·<XPË�0-��bÅ$�k�9JL8H>CBA8;PjB
B5<?«C>AIQ<?POJ3<?IQ>VU`2CMLMOYbMZJO<X[@�A8;>�BA8HM�:CIQM��X2@8.hji9J�R.<?PjMOhjiCI/<tB5<?>A<�º�IQ>AiA<XI�JL<?>E�A<tMkJL�AG­8)JZJL<?>��
U�8;>gB5GQ8H2547f`<?PLNH<H�"TH�AJOI­MOhjiA<@~�G­8)JOJO<X>¼8H:g<XPÇ8;2Chji¦�5hX8;>A>A<XPX��ÃFPL2ChjNH<XP»2C>CB ÉFTH[\[£2A>AI/�
N)8)JLI/T.>CMO6H<?PjK)JL<E8;>A6.<XMLhjiAGQT.MLMZ<X>¬f`<?PjB5<X>´NHÆ.>A>A<?> -`Ã�8 �0-��5ÅÇ<?IQ>´<?IQ6H<X>A<XMVU`2CMLMZY5MZJO<?[
:=<?>b25JL�aJX� f�I/PjB BA<?Pz�bY5MZJO<?[£:A2CM^6.<?6H<X>b¶A:g<XP^ÅkÃ·º f`<?>AIQ6H<XP^MZJL8HPON�:=<?G­8HMZJO<?JX-�Ã�8;:=<?I�I­MZJ
B5<XP·�0-��bÅ$��U`2CM�[\I�J·B5<X[��bY5MZJO<X[z:A2CM·B52APjhji¯<XI/>A<X> �·T.MZJZ��0�BA8;�AJO<?P�6.<?N.TH�A�=<?G/JX-

! <?IQG�>AI­hji.J^>b2APËB5IQ<�Ê�<?I/JO2C>A6.MO:g<XG/<X6H2A>C6VB5<tM]�0-��bÅ$��UW2gM]MZT.>CB5<?PL> 8H2Chji BAI/<�ÉFTH[»�
[�8;>gB5T.MX�·B5IQ< 8H>�±�<XPLK;JO<©6.<XMO<?>CBA<aJEf`<?PjB5<?>���MkJj8;>CBC8;PjB5IQMOIQ<?POJ MZIQ>CBÁ�FNHÆH>C>A<?> �0-��bÅ$�
±�<XPLK;JO<\�?f�I­MOhjiC<?> 2A>9JO<?PjMLhjiAI/<tB5GQIQhjiA<X>²�5YbMZJO<X[\<?>²:g<XG/IQ<?:CI/6�6.<aJL8H2CMLhji.J^f`<?PjB5<?>�- ! <X>A>
<XI/> �·T.MZJZ��0�BA8;�AJO<?P	I/>Ç<XI/>C<?[  �<XhjiC>A<?PW<?IQ>A6H<X:C8;25JWIQMZJX�9GQK.MOMZJWMOIQhjiS<?IQ>¯�0-��bÅ$�k±�<?PjK)J�<XI/>5�
4 8.hji <XI/>A47¶A6H<X>�� IQ>CB5<X[ <XI/>C<ÇÅkÃ3��ª32C[»[\<XPzRHT.>��@:AIQM£�E8;[ ±�<?PjK)Jz<XI/>C6H<XMZJO<XG/G/JËf�IQPLBÁ-
ÃFI/<FÅkÃ3��ª32C[»[\<XP�d�I­MZJ	47¶AP`B5<?> �·T.MZJZ��0�BA8;�AJO<?PWPO<tMZ<XPORbIQ<?POJX-H�C<?PL>A<?PW[z2CMLM�>CTbhjiÇBC8;Pj8;254
6.<X8Hhji9JL<aJËf`<?PjB5<?>��"BA8HMLMz8H[ �Ci9Y5MOIQMLhjiA<X> º	>CB5<@B5<XM»�0-��bÅ$��UW2gMOMO<XM]<XI/> 03:CMLhjiAGQ2CMOMOf�I/�
B5<XPLMZJL8H>CBV8;>A6.<?:APj8Hhji9JWI­MZJ �7[\<?I­MkJ3f�IQPjBS<XP�6H<XMZJO<thjN9J � -

ÃF<?P �bJL8;>gBA8;PjB �0-��bÅ$�$ÅZÅ@<?PLG­8;2A:5J I/> B5<XP ®�8HPOI­8;>9JO<©�g8HMZJZ�k�0-��bÅ@<?IQ>A<©[�8;�bIQ[�8;GQ<
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JL<?>AG­8;2547f`<?PLNH<X>Ç6H<XPOIQ>A6.<?PW8HGQM�_H�Q"S-C�bIQ<·4 KHG/G/J�[»I/J�B5<?P�03>C�X8;iCG BA<?P�<?IQ>A6H<tMZ<?JO�?JO<?>¯~�G­8)JZ�
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