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Compiler Design,  WS 2005/2006

��6\QWD[�$QDO\VLV��3DUVHU�
² 'HWHUPLQH V\QWD[ �VWUXFWXUH��RI�D�SURJUDP�

� FRQWH[W�IUHH V\QWD[ DQDO\VLV�
² &RQVWUXFW DQ�LQWHUPHGLDWH UHSUHVHQWDWLRQ�

� V\QWD[ WUHH
� V\PERO WDEOH

² (UURU�KDQGOLQJ�
� UHSRUW HUURU PHVVDJHV ZLWK ORFDWLRQ LQ�VRXUFH
� SHUIRUP HUURU UHFRYHU\

ª WU\ WR�SDUVH�DV�PXFK DV�SRVVLEOH RI�WKH FRGH
ª WU\ WR�DYRLG HUURU FDVFDGHV

� PD\EH�DOVR�HUURU�FRUUHFWLRQ
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��6SHFLILFDWLRQ DQG�5HFRJQLWLRQ RI�/DQJXDJHV
�� 6SHFLILFDWLRQ RI�SURJUDPPLQJ ODQJXDJH�

� &RQWH[W�IUHH JUDPPDU �&)*��
� $�&)*�JHQHUDWHV D�ODQJXDJH�7KH &)*�* JHQHUDWHV WKH ODQJXDJH /�*� �

�� 5HFRJQLWLRQ RI�SURJUDPPLQJ ODQJXDJH�
� 1RQGHWHUPLQLVWLF SXVKGRZQ DXWRPDWD �13$��
� $Q�13$�DFFHSWV D�ODQJXDJH�7KH 13$�0 DFFHSWV WKH ODQJXDJH /�0� �

�� 5HTXLUHPHQW����/�*�  �/�0�
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��.RQWH[WIUHLH�*UDPPDWLN
'HI�� (LQH�NRQWH[WIUHLH�*UDPPDWLN�LVW�HLQ�4XDGUXSHO* �1�Σ�3�6��PLW

� 1�«�0HQJH�GHU�1LFKWWHUPLQDOV\PEROH�
� Σ « 0HQJH�GHU�7HUPLQDOV\PEROH�(V�JLOW���1�∩ Σ  �∅ �OHHUH�0HQJH��0LW�9� �1�∪ Σ EH]HLFKQHW�PDQ�GDV�*HVDPWDOSKDEHW�
� 3�« 0HQJH�YRQ�3URGXNWLRQVUHJHOQ�YRQ�GHU�)RUP�α → βZREHL�α ∈ 1�XQG�β ∈ 9
�
� 6�∈ 1��6WDUWYDULDEOH�

1RWDWLRQ�
� α → β���α → β� ��« ��α → βQ NDQQ�]XVDPPHQJHID�W ZHUGHQ�]X�α → β�_β�_�« _βQ �

Compiler Design,  WS 2005/2006

��$EOHLWXQJ
² $OV QlFKVWHV ZROOHQ ZLU GHILQLHUHQ��ZHOFKH 6SUDFKHQ HLQH*UDPPDWLN�HU]HXJW��'D]X EHQ|WLJHQ ZLU GLH�$EOHLWXQJV�UHODWLRQ�⇒ ��GLH�PLW +LOIH GHU 5HODWLRQ�→ HUNOlUW ZLUG�
² 'HI�� $EOHLWXQJVUHODWLRQ ⇒ �EHU 9
��6HL * �1�Σ�3�6��

0DQ�VDJW�$�OHLWHW�α� GLUHNW�DE��RGHU�α� NDQQ�DXV�$�GLUHNW�DEJHOHLWHW�ZHUGHQ�
² 'HI�� $XVJHKHQG�YRQ�⇒ LVW�⇒ ZLH�IROJW�GHILQLHUW�

. und mit 

 und gdw  

2

32131

3$1$
$

∈→∈
==⇒

α
αααβαααβα




.,,, und ,

sodass existiert, ,,,gdw     

132211

*
21

*

3
9

QQQ

Q

∈⇒⇒⇒==
∈⇒

− αααααααβαα
αααβα

�

�



Page 3

Compiler Design,  WS 2005/2006

��/LQNVDEOHLWXQJHQ XQG�5HFKWVDEOHLWXQJHQ
² :HQQ EHL MHGHP $EOHLWXQJVVFKULWW LPPHU GLH�DP�ZHLWHVWHQOLQNV�VWHKHQGH 9DULDEOH�HUVHW]W ZLUG��VSUHFKHQ ZLU YRQ�HLQHU /LQNVDEOHLWXQJ��$QDORJ�ZLUG EHL HLQHU 5HFKWVDEOHLWXQJLPPHU GLH�DP�ZHLWHVWHQ UHFKWV VWHKHQGH 9DULDEOH�HUVHW]W��ZLH GLH�IROJHQGH 'HILQLWLRQ�EHVDJW�
'HI�� 6HL *� ��1�Σ�3�6��XQG�JHOWH α ⇒ β PLW α=α1Αα3, β=α1α2α3,XQG�Α→α2∈ 3�

�� α ⇒ β KHL�W HLQ /LQNVDEOHLWXQJVVFKULWW��LQ�=HLFKHQ
α ⇒ β ��JGZ α1∈Σ 
�

�� α ⇒ β KHL�W HLQ 5HFKWVDEOHLWXQJVVFKULWW��LQ�=HLFKHQ
α ⇒ β ��JGZ α�∈Σ 
�

�� (LQH $EOHLWXQJ KHL�W /LQNVDEOHLWXQJ��ZHQQ MHGHU 6FKULWWHLQ /LQNVDEOHLWXQJVVFKULWW LVW�
�� (LQH $EOHLWXQJ KHL�W 5HFKWVDEOHLWXQJ��ZHQQ MHGHU6FKULWW HLQ 5HFKWVDEOHLWXQJVVFKULWW LVW�

/

5
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��(LQGHXWLJNHLW
'HI�� (LQH NRQWH[WIUHLH *UDPPDWLN�*�KHL�W HLQGHXWLJ��IDOOV�HV]X MHGHP 6DW] Z�∈ /�*��JHQDX HLQH /LQNVDEOHLWXQJ JLEW E]Z��JHQDX HLQH 5HFKWVDEOHLWXQJ JLEW��6RQVW KHL�W *�PHKUGHXWLJ�
6DW]� 6HL *� ��1�Σ�3�6��HLQH NRQWH[WIUHLH *UDPPDWLN�XQGZ�∈ Σ 
��)DOOV�6�⇒ Z��GDQQ DXFK 6�⇒ Z�E]Z���6�⇒ Z
'�K��MHGHV :RUW GDV�DEOHLWEDU LVW��LVW DXFK DOV /LQNVDEOHLWXQJE]Z��DOV�5HFKWVDEOHLWXQJ�DEOHLWEDU�


 

/
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��(U]HXJWH 6SUDFKH
6HL * �1�Σ�3�6��
'HI�� 6DW]IRUP��6DW]�(LQ :RUW α ∈ 9
�ZLUG 6DW]IRUP JHQDQQW��IDOOV�JLOW�6�⇒ α ��(LQH 6DW]IRUP α PLW α ∈ Σ 
�KHL�W 6DW] YRQ�*�
'HI�� /�*��0LW /�*��EH]HLFKQHQ ZLU GLH�6SUDFKH��GLH�GXUFK GLH�*UDPPDWLN�*�HU]HXJW ZLUG��/�*��LVW IROJHQGH :RUWPHQJH�

² (LQH IRUPDOH 6SUDFKH KHL�W NRQWH[WIUHL �UHJXOlU��HWF���JGZHV HLQH NRQWH[WIUHLH �UHJXOlUH��HWF���*UDPPDWLN�JLEW��GLH�GLHVH 6SUDFKH HU]HXJW��=ZHL *UDPPDWLNHQ *� XQG�*� KHL�HQlTXLYDOHQW��ZHQQ /�*�� /�*����=X MHGHU *UDPPDWLN�JLEW HVXQHQGOLFK YLHOH lTXLYDOHQWH *UDPPDWLNHQ�




}. und |{)(
*

* Z6ZZ*/ ⇒Σ∈=
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��3DUVH�7UHH
3DUVH�WUHH RYHU D�JUDPPDU *�KDV�WKH IROORZLQJ SURSHUWLHV�
�� 5RRW QRGH LV ODEHOHG ZLWK VWDUW�V\PERO 6�
�� (DFK OHDI QRGH LV ODEHOHG ZLWK D�WHUPLQDO V\PERO RU ZLWK ε�
�� (DFK QRQOHDI QRGH LV ODEHOHG ZLWK D�QRQWHUPLQDO�
�� ,I D�QRGH ODEHOHG ZLWK QRQWHUPLQDO ;�KDV Q�VXFFHVVRU�QRGHV

;���;�������;Q �IURP OHIW WR�ULJKW����WKHQ JUDPPDU *�FRQWDLQV
WKH IROORZLQJ SURGXFWLRQ�

;→ ;� _�;� _ ��� _ ;Q

² $�OHIW�WR�ULJKW WUDYHUVDO RI�WKH OHDI QRGHV \LHOGV VHQWHQFH�
Z�∈ /�*��
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��%HLVSLHO��$EOHLWXQJ XQG�$EOHLWXQJVEDXP
² *� ��^6�$�%`��^D�E`��3��6��PLW3� �^�6�→ $%��$�→ DD$ _�ε��%�→ %E�_�ε `�
² $EOHLWXQJ�

² $EOHLWXQJVEDXP�
DDEDD%EDD$%EDD$%$%6 ⇒⇒⇒⇒⇒

6

%$

D D $ % E

ε ε
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��$PELJXLW\��'DQJOLQJ (OVH�3UREOHP����
,62�&�6WDQGDUG�

VWPW → LI � H[S � VWPW
VWPW → LI � H[S � VWPW HOVH VWPW

([DPSOH�
LI ��� LI ����VWPW��HOVH VWPW�

7ZR OHIWPRVW GHULYDWLRQV��L�H��JUDPPDU LV DPELJXRXV�
�� VWPW ⇒ LI � H[S � VWPW HOVH VWPW

⇒ LI ����LI �H[S��VWPW HOVH VWPW
�� VWPW ⇒ LI � H[S � VWPW

⇒ LI ����LI �H[S� VWPW HOVH VWPW
3URJUDP�
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��$PELJXLW\��'DQJOLQJ (OVH�3UREOHP����
$PELJRXV JUDPPDU�

� LQFRPSOHWH VSHFLILFDWLRQ RI�WKH V\QWD[ RI�D�ODQJXDJH�
� FDXVHV SUREOHPV IRU SDUVLQJ�

$SSURDFKHV WR�GHDO�ZLWK DPELJXRXV JUDPPDUV�
�� &KDQJH�JUDPPDU WR�UHPRYH DPELJXLW\�*UDPPDU UHIOHFWV V\QWDFWLF VWUXFWXUH RI�WKH ODQJXDJHDW�WKH SULFH RI�SRVVLEO\ PRUH FRPSOH[ JUDPPDU UXOHV�
�� 6SHFLI\ GLVDPELJXDWLQJ UXOH�$PELJXLW\ LV FRUUHFWHG ZLWKRXW FKDQJLQJ �DQG�SRVVLEO\FRPSOLFDWLQJ��JUDPPDU DW�WKH SULFH WKDW V\QWDFWLFVWUXFWXUH RI�WKH ODQJXDJH LV QR�ORQJHU JLYHQ E\ WKHJUDPPDU DORQH�

Compiler Design,  WS 2005/2006

��$PELJXLW\��'DQJOLQJ (OVH�3UREOHP����
$SSURDFK���

VWPW → PDWFKHGBVWPW _�XQPDWFKHG�VWPW
PDWFKHGBVWPW → LI � H[S � PDWFKHGBVWPW HOVH PDWFKHGBVWPW

_ RWKHU
XQPDWFKHGBVWPW → LI � H[S � VWPW

_ LI � H[S � PDWFKHGBVWPW HOVH XQPDWFKHGBVWPW
$SSURDFK����FI��,62�&�6WDQGDUG�

&RPPHQW� 8VXDOO\ $SSURDFK���WDNHQ��VLQFH PRVW FORVHO\ QHVWHGUXOH IRU GDQJOLQJ HOVH SUREOHP FDQ EH HDVLO\ UHDOL]HG E\ SDUVLQJPHWKRGV �KRZHYHU SDUVHU JHQHUDWRUV ZLOO�UHSRUW D�FRQIOLFW��

$Q�HOVH LV�DVVRFLDWHG�ZLWK�WKH�OH[LFDOO\�LPPHGLDWHO\�
SUHFHGLQJ�HOVH�OHVV�LI WKDW�LV�LQ�WKH�VDPH�EORFN�
�EXW�QRW�LQ�DQ�HQFORVHG�EORFN��
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��$PELJXLW\��([SUHVVLRQV����
² *� ��^(`��^��∗ �����D`��3��(�`�ZLWK3� �^�(�→ (���(�_�(�∗ (�_���(���_�D�`
² 7ZR�SDUVH�WUHHV�IRU�D�D∗ D�
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D ���������UHVXOW �����������������������������������������UHVXOW �
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��$PELJXLW\��([SUHVVLRQV ����² 3UHFHGHQFH DQG�$VVRFLDWLYLW\
8VXDOO\��SUHFHGHQFH�DQG�DVVRFLDWLYLW\ H[SUHVVHG�E\�JUDPPDU�
3UHFHGHQFH�FDVFDGH�

� JURXS�RSHUDWRUV�LQWR�JURXSV�RI�HTXDO�SUHFHGHQFH�
� ZULWH�D�UXOH�IRU�HDFK�SUHFHGHQFH�OHYHO�

¾ RSHUDWRUV�ZLWK�ORZHU�SUHFHGHQFH�´KLJKHU´�LQ�WKH�V\QWD[�WUHH��FORVHU�WR�WKH�URRW��DQG�ZLOO�EH�HYDOXDWHG�ODWHU�
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��$PELJXLW\��([SUHVVLRQV����
² 7R�HOLPLQDWH�DPELJXLW\�DQG�WR�UHIOHFW�SUHFHGHQFH��WKH�JUDPPDU�LV�UHZULWWHQ�LQ�WKH�IROORZLQJ�ZD\�*� ���^(�7�)`��^��∗ �����D`��3��(��PLW

1RZ�GHULYDWLRQ�RI�D�D∗ D UHVXOWVLQ�WKH�FRUUHFW�GHULYDWLRQ�WUHH�
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��$PELJXLW\��([SUHVVLRQV ����� $VVRFLDWLYLW\
�� /HIW�UHFXUVLYH�UXOH�UHVXOWV�LQ�OHIW�DVVRFLDWLYH�RSHUDWRU�
�� 5LJKW�UHFXUVLYH�UXOH�UHVXOWV�LQ�ULJKW�DVVRFLDWLYH�RSHUDWRU�
([DPSOH�
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��1RWDWLRQV
�� %1) �%DFNXV�1DXU�)RUP���&)* UXOHV�RI�WKH�IRUP�

H[S → H[S � H[S | H[S 
 H[S | � H[S �
| QXPEHU

� -RKQ�%DFNXV��3HWHU�1DXU��XVHG�IRU�$OJRO��
�� (%1) �([WHQGHG�%1)�

� UHSHWLWLRQ���FXUO\�EUDFNHWV��^�����`
$ → D$|E =  $ → {D}E

� RSWLRQDO�FRQVWUXFWV���VTXDUH�EUDFNHWV���>�����@
LI�VWPW → LI �H[S� VWPW [HOVH VWPW]

�� 6\QWD[�'LDJUDPV
$
% $ %

�
�
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��7RS�'RZQ 3DUVLQJ
² 7RS�GRZQ�SDUVLQJ�

� SDUVH�WUHH�FRQVWUXFWHG�IURP�URRW�WR�OHDYHV�
� ILQG�OHIWPRVW�GHULYDWLRQ�IRU�DQ�LQSXW�VWULQJ�

² 7RS�GRZQ�SDUVLQJ�DOJRULWKPV�
� UHFXUVLYH�GHVFHQW�SDUVLQJ�
� //����SDUVLQJ�

² &RPPRQ�SDUVLQJ�DSSURDFK�
� JLYHQ�FXUUHQW�LQSXW�V\PERO�D DQG�QRQWHUPLQDO $ LQ�WKH�SDUVH�WUHH��VHOHFW�RQH�SURGXFWLRQ�RI�$→ α�_α�_�« _αQ WR�GHULYH D�VWULQJ EHJLQQLQJ ZLWK D�

² &RPPRQ�SUREOHPV�
� OHIW�UHFXUVLRQ�
� FRPPRQ�SUHIL[�IRU�DOWHUQDWLYHV�
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��)LUVW�DQG�)ROORZ�6HWV
'HILQLWLRQ� )LUVW�VHW�/HW�α EH�DQ\�VWULQJ�RI�JUDPPDU�V\PEROV��WKHQ�

'HILQLWLRQ� )ROORZ�VHW�/HW�$ EH�D�QRQWHUPLQDO DQG���WKH�LQSXW�HQGPDUNHU��WKHQ�

1RWH��6HWV�GHILQHG�IRU�ORRNDKHDG N ��

}.|{} a and a|a{)(
**

εαεβαα ⇒∪⇒Σ∈=)LUVW

}.A|{$}Aa and a|a{)(
**

αβα ⇒∪⇒Σ∈= 66$)ROORZ

Compiler Design,  WS 2005/2006

��&RPSXWDWLRQ�)LUVW�6HWV
$OJRULWKP� &RPSXWH�)LUVW�;��IRU�JUDPPDU�V\PEROV�;�

$SSO\�WKH�IROORZLQJ���UXOHV�XQWLO�WKH�)LUVW�VHWV�GR�QRW�FKDQJH�DQ\�PRUH�
�� ,I�; LV�D�WHUPLQDO��WKHQ�)LUVW�;� ^;`�
�� ,I�; →ε LV D�SURGXFWLRQ��WKHQ�DGG�ε WR�)LUVW�;��
�� ,I�; LV�QRQWHUPLQDO ZLWK�;→ <� <� ��� <L ��� <N ��WKHQ�

² DGG�D WR�)LUVW�;��LI
� D ∈ )LUVW�<L� DQG
� ε ∈ )LUVW�<�� ∧ … ∧ ε ∈ )LUVW�<L���

² DGG�H WR�)LUVW�;��LI�
ε ∈ )LUVW�<�� ∧ … ∧ ε ∈ )LUVW�<N�
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��&RPSXWDWLRQ�)ROORZ�6HWV
$OJRULWKP� &RPSXWH�)ROORZ�$��IRU�QRQWHUPLQDOV $�

$SSO\�WKH�IROORZLQJ���UXOHV�XQWLO�WKH�)ROORZ�VHWV�GR�QRW�FKDQJH�DQ\�PRUH�
�� ,I�6�LV�WKH�VWDUW�V\PERO���WKH�LQSXW�HQGPDUNHU��WKHQ�DGG���WR�)ROORZ�6��
�� ,I�WKHUH�LV�D�SURGXFWLRQ�%→α $ γ ��WKHQ�DGG)LUVW�γ��� ^ε`�WR�)ROORZ�$��
�� ,I�WKHUH�LV�D�SURGXFWLRQ�%→α $ RU�D�SURGXFWLRQ�%→α $ γ ZLWK�ε ∈ )LUVW�γ���WKHQ�DGG�)ROORZ�%��WR�)ROORZ�$��

Compiler Design,  WS 2005/2006

��/HIW�5HFXUVLRQ�5HPRYDO
�� ,PPHGLDWH�OHIW�UHFXUVLRQ�3URGXFWLRQV�RI�WKH�IROORZLQJ�IRUP�ZLWK�QRQH�RI�WKH�β������βPVWDUWLQJ�ZLWK�$

DUH�UHZULWWHQ�LQ�WKH�IROORZLQJ�ZD\

�� *HQHUDO�OHIW�UHFXUVLRQ�(�J����6�→ $D_E��$�→ $F�_�6G _�ε �$ERYH�DSSURDFK�GRHV�QRW�ZRUN��DOJRULWKP�WR�HOLPLQDWH�JHQHUDO�OHIW�UHFXUVLRQV�H[LVWV�
1RWH� /HIW�UHFXUVLRQ�KDV�EHHQ�XVHG�WR�PDNH�RSHUDWLRQV�OHIW�DVVRFLDWLYH�

PQ$$$$ βββααα ||||||| 2121 ��→

εααα
βββ

||||

|||

21

21

$$$$
$$$$
Q
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��/HIW�)DFWRULQJ
² 3URGXFWLRQV�RI�WKH�IROORZLQJ�IRUP�ZKHUH�γ UHSUHVHQWV�DOO�DOWHUQDWLYHV�WKDW�GR�QR�VWDUW�ZLWK�α

DUH�UHZULWWHQ�LQ�WKH�IROORZLQJ�ZD\
γαβαβαβ |||| 21 Q$ �→

Q$
$$

βββ
γα

|||

|

21 �→′
′→

Compiler Design,  WS 2005/2006

��5HFXUVLYH�'HVFHQW�3DUVLQJ
,GHD�RI�UHFXUVLYH�GHVFHQW�SDUVLQJ�VLPSOH�

&RQVLGHU�SURGXFWLRQ��$→ α�_α�_�« _αQ �
� SURGXFWLRQ�YLHZHG�DV�GHILQLWLRQ�RI�D�SURFHGXUH�$�
� ULJKW�KDQG�VLGH�α�_α�_�« _αQ VSHFLILHV VWUXFWXUH RI�SURFHGXUH ERG\�
� WHUPLQDO RQ�UKV�

ªPDWFK WHUPLQDO ZLWK LQSXW DQG�DGYDQFH WKH LQSXW�
ª LI WHUPLQDO GRHV QRW PDWFK��V\QDW[ HUURU�

� QRQWHUPLQDO RQ�UKV�
ª FDOO RI�FRUUHVSRQGLQJ SURFHGXUH�
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��5HFXUVLYH�'HVFHQW�3DUVLQJ��([DPSOH
3URGXFWLRQ����IDFWRU → ��H[S ��_�QXPEHUQXPEHU

&RGH�
SURFHGXUH�IDFWRU��
EHJLQ

FDVH�WRNHQ�RI
�����PDWFK������

H[S���
PDWFK������

�QXPEHU��
PDWFK��QXPEHU���

GHIDXOW�
HUURU���

HQG�FDVH�
HQG�IDFWRU

SURFHGXUH�PDWFK��H[SHFWHG7RNHQ�
EHJLQ
LI��WRNHQ  H[SHFWHG7RNHQ��WKHQ
JHW7RNHQ���

HOVH
HUURU���

HQG�LI�
HQG�PDWFK

Compiler Design,  WS 2005/2006

��//����3DUVLQJ
//����

� LQSXW�VFDQQHG�IURP�/HIW�WR�ULJKW�
� /HIWPRVW�GHULYDWLRQ�
� ��WRNHQ�ORRNDKHDG�

7DEOH�GULYHQ�DSSURDFK�
� 3DUVH�WDEOH�FRQWDLQVSDUVLQJ�DFWLRQV�
� 3DUVH�GULYHU�IHWFKHVDFWLRQV�IURP�SDUVHWDEOH�
� 8VH�RI�H[SOLFLW�VWDFN�
� ��DV�HQG�V\PERO�IRU�VWDFNDQG�LQSXW�

3DUVH
GULYHU

3DUVH�WDEOH�0

...Input�

S
t
a
c
k
�

Output
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��([DPSOH�
�� 3URGXFWLRQ���6�→ � 6�� 6�_�ε
�� 3DUVLQJ�DFWLRQV�

DFFHSW����
6�→ ε���6�
PDWFK� ���6���
6�→ ε� ���6�� 6�
PDWFK��� ���6�� 6���
6�→ � 6�� 6��� ������6�

$FWLRQ,QSXW3DUVLQJ�VWDFN

Compiler Design,  WS 2005/2006

��3DUVH�'ULYHU
� /HW�A EH�WRS�RI�VWDFN��x QH[W�LQSXW�WRNHQ��DQG�M WKH�SDUVH�WDEOH�
SXVK�VWDUW�V\PERO�6�RQWR�WRS�RI�VWDFN������LQLWLDOL]DWLRQ
ZKLOH��$�z ��DQG�[�z ���GR

LI��$�WHUPLQDO�DQG�$� �[��WKHQ
SRS�SDUVLQJ�VWDFN������PDWFK
DGYDQFH�LQSXW�

HOVH
LI��$�QRQWHUPLQDO DQG�$o%�%�}%Q � 0>$�[@��WKHQ
SRS�$�IURP�VWDFN������UHSODFH�$�E\�UKV
SXVK�%Q�}�%��%� RQWR�VWDFN�

HOVH
HUURU�

HQG�ZKLOH�
LI��$� ���DQG�[� ����WKHQ

DFFHSW�
HOVH

HUURU�
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��&RQVWUXFWLRQ�RI�3DUVH�7DEOH�M
² ,QSXW���*UDPPDU�G�
² 2XWSXW��3DUVH�7DEOH�M[A,x] ZLWK�A���QRQWHUPLQDO�

x���WHUPLQDO�∪ $��DQG�M[A,x]  �^�SURGXFWLRQ�UXOH��RU��error `�
² $OJRULWKP�

)RU�HDFK�SURGXFWLRQ�A → α RI�JUDPPDU�GR�
�� IRU�HDFK�WHUPLQDO�a ∈ First(α) �DGG��A → α WR�M[A, a]�
�� LI��ε ∈ First(α)���WKHQ�

D� IRU�HDFK�WHUPLQDO�b ∈ Follow(A) �DGG��A → α WR�M[A, b]�
E� LI��$ ∈ Follow(A)���WKHQ�DGG��A → α WR�M[A, $]�

(DFK�XQGHILQHG�HQWU\�RI�M��VHW�WR�error�

Compiler Design,  WS 2005/2006

��//����*UDPPDU
'HI�� $�JUDPPDU�LV�DQ�//����JUDPPDU��LI�WKH�DVVRFLDWHG�//����SDUVH�WDEOH�KDV�DW�PRVW�RQH�SURGXFWLRQ�LQ�HDFK�WDEOH�HQWU\�
5HPDUN��//����JUDPPDU�FDQQRW�EH�DPELJXRXV�
//�N��JUDPPDUV�

� H[WHQGLQJ�ORRNDKHDG WR�N�V\PEROV�
� XQFRPPRQ�LQ�SUDFWLFH�
� D�QRQ�//����JUDPPDU�LV�OLNHO\�WR�EH�DOVR�QRQ�//�N��IRU�DQ\�N�
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��([DPSOH�LI�VWDWHPHQW
*UDPPDU�IRU�LI�VWDWHPHQW

1: VWPW → LI�VWPW
2: VWPW → RWKHU
3: LI�VWPW → LI � H[S � VWPW HOVH�SDUW
4: HOVH�SDUW → HOVH VWPW
5: HOVH�SDUW → ε
6: H[S → �
7: H[S → �

)LUVW�DQG�)ROORZ�VHWV�
1:First(if-stmt)={LI}, 2:First(RWKHU)={RWKHU}, 
3:First(LI���)={LI}, 4:First(HOVH���)={HOVH},
5:First(ε)={ε}, 6:First(�)={�}, 7:First(�)={�},
Follow(else-part)={$,HOVH}.

Compiler Design,  WS 2005/2006

��([DPSOH�LI�VWDWHPHQW��FRQW�G�
² 3DUVH�WDEOH�M[A,x] ����EODQNV�DUH�HUURU�HQWULHV�

��H[S

����HOVH�SDUW

�LI�VWPW

��VWPW

���HOVHRWKHULIM[A,x]
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��([DPSOH�LI�VWDWHPHQW��FRQW�G�
'LVDPELJXDWLQJ�UXOH�3UHIHU�WKH�UXOH�WKDW�JHQHUDWHV�WKH�FXUUHQW�ORRNDKHDG WRNHQ�
² LQ�RXU�H[DPSOH���M[else-part,else]  �^������`��→ ^���`�L�H��GHOHWH�else-part → ε��
² SDUVLQJ�QRZ�XQDPELJXRXV�² DV�LI�LW�ZHUH�//����JUDPPDU�
² 0RGLILFDWLRQ UHDOL]HV PRVW FORVHO\ QHVWHG UXOH�

Compiler Design,  WS 2005/2006

��7RS�GRZQ 3DUVLQJ DQG�6\QWD[�7UHH &RQVWUXFWLRQ
² 3URGXFH V\QWD[ WUHH UDWKHU WKDQ SDUVH�WUHH�
² 3UREOHP��V\QWD[ WUHH REVFXUHG E\ OHIW IDFWRULQJ DQG�OHIWUHFXUVLRQ UHPRYDO�
² 5HFXUVLYH GHVFHQW SDUVLQJ��

� V\QWD[ WUHH FRQVWUXFWLRQ UHODWLYHO\ HDV\�
² //����SDUVHUV�

� V\QWD[ WUHH FRQVWUXFWLRQ PRUH GLIILFXOW�
� H[WUD�YDOXH VWDFN UHTXLUHG�

² %RWWRP�XS SDUVHUV�
� V\QWD[ WUHH FRQVWUXFWLRQ UHODWLYHO\ HDV\�
� RQH UHDVRQ WR�EH SUHIHUUHG DV�WDEOH�GULYHQ VWDFN�EDVHGSDUVLQJ PHWKRG�
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��3URJUDP (UURUV�DQG�3DUVHUV
² 0LQLPDO�UHTXLUHPHQW�

� 3DUVHUV�PXVW UHSRUW HUURUV�
² 3DUVHUV�VKDOO SURGXFH PHDQLQJIXO HUURU PHVVDJHV DQG�DWWHPSW WR�GHWHUPLQH ORFDWLRQ DV�FORVHO\ DV�SRVVLEOH�
² (UURU�UHFRYHU\�

� VKRXOG EH VXSSRUWHG �FRPPRQ LQ�SUDFWLFH��
² (UURU�FRUUHFWLRQ�

� UDUH�IHDWXUH LQ�DFWXDO FRPSLOHUV�

Compiler Design,  WS 2005/2006

��(UURU�5HFRYHU\ 'XULQJ 3DUVLQJ
² ,VVXHV LQ�FDVH RI�DQ�HUURU�

� WU\ WR�SDUVH�DV�PXFK DV�SRVVLEOH RI�WKH FRGH�
� WU\ WR�DYRLG HUURU FDVFDGHV�

² 6WUDWHJ\ 3DQLF�0RGH �EHWWHU��GRQ�W SDQLF PRGH��
� ,Q�FDVH RI�HUURU��SDUVLQJ UHVXPHG DW�V\QFKURQL]LQJWRNHQV �WRNHQV DUH VNLSSHG XQWLO V\QFKURQL]LQJ WRNHQV DUHUHFRJQL]HG��
� 6SHFLILFDWLRQ RI�V\QFKURQL]LQJ WRNHQV�

ª )ROORZ VHWV DUH XVHG�
ª )LUVW�VHWV DOVR�LPSRUWDQW WR�UHGXFH VNLSSLQJ �L�H��UHVXPH DW�PDMRU FRQVWUXFWV OLNH VWDWHPHQWV��
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��%RWWRP�8S 3DUVLQJ
² %RWWRP�XS�SDUVLQJ�

� SDUVH�WUHH�FRQVWUXFWHG�IURP�OHDYHV�WR�URRW�
� ILQG�ULJKWPRVW�GHULYDWLRQ�IRU�DQ�LQSXW�VWULQJ�

² %RWWRP�XS�SDUVLQJ�DOJRULWKPV�
� 6/5������/$/5������/5����� SDUVLQJ�

² &RPPRQ�SDUVLQJ�DSSURDFK�
� ´VKLIW�UHGXFH�SDUVLQJ´��´UHGXFH´�DQ�LQSXW�VWULQJ�WR�WKH�VWDUW�V\PERO�RI�WKH�JUDPPDU�

² %RWWRP�XS�PHWKRGV�PRUH�SRZHUIXO�WKDQ�WRS�GRZQ�PHWKRGV�H�J��QR�SUREOHP�ZLWK�OHIW�UHFXUVLRQ��
+RZHYHU��ERWWRP�XS�PHWKRGV�DUH�PRUH�FRPSOH[�WRR�

Compiler Design,  WS 2005/2006

��/5�3DUVHU
/5����

� LQSXW�VFDQQHG�IURP�/HIW�WR�ULJKW�
� 5LJKWPRVW�GHULYDWLRQ�LQ�UHYHUVH�
� ��WRNHQ�ORRNDKHDG�

7DEOH�GULYHQ�DSSURDFK�
� 3DUVH�WDEOH�FRQWDLQVDFWLRQV�JRWR�
� 3DUVH�GULYHU�IHWFKHVLQVWUXFWLRQV�IURP�SDUVHWDEOH�
� 8VH�RI�H[SOLFLW�VWDFN�
� ��DV�HQG�V\PERO�IRU�VWDFNDQG�LQSXW�

3DUVH
GULYHU

DFWLRQ���JRWR

...Input�

S
t
a
c
k
�

Output

3DUVH�WDEOH
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��([DPSOH��,QWXLWLYHO\
7ZR�PDLQ�DFWLRQV�RI�ERWWRP�XS�SDUVHU�

�� 6KLIW WHUPLQDO�IURP�LQSXW�WR�VWDFN�
�� 5HGXFH VWULQJ�α DW�WRS�RI�VWDFN�WR�QRQWHUPLQDO A JLYHQ�

A→α�
*UDPPDU���E´ → E ,               ,QSXW� n+n

E → E + n |n    'HULYDWLRQ��E´⇒ E ⇒ E+n ⇒ n+n

UHGXFH�(�→(���(�
DFFHSW���(��

UHGXFH�(→(�Q���(�Q�
VKLIWQ ���(��
VKLIW�Q ���(�
UHGXFH�(→Q�Q ���Q�
VKLIWQ�Q �������

$FWLRQ,QSXW3DUVLQJ�VWDFN

Compiler Design,  WS 2005/2006

��/5�3DUVHU
² &RQILJXUDWLRQ RI�DQ�/5�SDUVHU�LV�JLYHQ�E\�WKH�SDLU�VWDFN�FRQWHQWV��XQH[SHQGHG�LQSXW!�
² $�FRQILJXUDWLRQ

< s0 X1 s1 X2 s2 ... Xmsm,  aiai+1 ... an $>UHSUHVHQWV�WKH�ULJKW VHQWHQWLDO�IRUP
X1 X2  ... Xm aiai+1 ... an ZLWK�V\PEROV�X1 X2  ... Xm RQ�WKH�SDUVHU�VWDFN�EHLQJ�FDOOHG�YLDEOH�SUHIL[�

² &RQWHQWV�RI�VWDFN����s0 X1 s1 X2 s2 ... XmsmZLWK�s0���ERWWRP�RI�VWDFN��si���VWDWHV��Xi���JUDPPDU�V\PEROV�
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��/5�3DUVLQJ�7HFKQLTXH
² 3DUVLQJ�WDEOH��DFWLRQ IXQFWLRQ�DQG�JRWR IXQFWLRQ�
² $Q�DFWLRQ�WDEOH�HQWU\�FDQ�EH�

1. si IRU�VKLIW i ZKHUH�i LV�D�VWDWH�
�� ri IRU�UHGXFH E\�SURGXFWLRQ�i��A → β �
�� DFFHSW��DQG
�� HUURU�

² $FWLRQ�WDEOH�LV�LQGH[HG�E\
action[sm,ai]ZKHUH�sm LV�WKH�WRSPRVW�VWDWH�RQ�WKH�VWDFN�DQG�ai LV�WKH�QH[W�LQSXW�V\PERO�

² 3DUVHU�GULYHU�WKH�VDPH�IRU�DOO�/5�SDUVHUV��6/5�����/$/5�����/5������RQO\�WKH�SDUVLQJ�WDEOH�FKDQJHV�

Compiler Design,  WS 2005/2006

��/5�3DUVLQJ�7HFKQLTXH��FRQW�G�
6XSSRVH�SDUVHU�FRQILJXUDWLRQ�

< s0 X1 s1 X2 s2 ... Xmsm,  aiai+1 ... an $>.

7KHQ�WKH�IRXU�DFWLRQV�DUH�JLYHQ�DV�IROORZV�
�� LI��´action[sm,ai]=shift s´��WKH�QHZ�FRQILJXUDWLRQ�LV

< s0 X1 s1 X2 s2 ... Xmsmais,  ai+1 ... an $>

�� LI��´action[sm,ai]=reduce A → β´��WKH�QHZ�FRQILJXUDWLRQ�LV
< s0 X1 s1 X2 s2 ... Xm-rsm-r A s,  ai ai+1 ... an $>ZKHUH���r = length of β��DQG
s = goto[sm-r,A].1RWH���[U�V\PEROV�DUH�SRSSHG�RII�WKH�VWDFN��U�VWDWH�V\PEROV�DQG�U�JUDPPDU�V\PEROV��

�� LI��´action[sm,ai]=accept �́�SDUVLQJ�LV�FRPSOHWHG��
�� LI��´action[sm,ai]=error´��SDUVHU�KDV�GLVFRYHUHG�DQ�HUURU�DQG�FDOOV�DQ�HUURU�UHFRYHU\�URXWLQH�
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��/5�3DUVH�'ULYHU
SDUVHU�KDV�LQLWLDO�VWDWH�V� RQ�LWV�VWDFN�DQG�LS SRLQWV�WR�WKH�ILUVW�V\PERO�RI�Z��
UHSHDW IRUHYHU

OHW V�EH�WKH�VWDWH�RQ�WRS�RI�WKH�VWDFN�DQG
D�WKH�V\PERO�SRLQWHG�WR�E\�LS�

LI �DFWLRQ>V�D@ VKLIW�V¶��^
SXVK D�WKHQ�V¶�RQ�WRS�RI�WKH�VWDFN�
DGYDQFH LS WR�WKH�QH[W�LQSXW�V\PERO��`

HOVH
LI �DFWLRQ>V�D@ UHGXFH�$oE��^

SRS �
_E_�V\PEROV�RII�WKH�VWDFN�
OHW V¶�EH�WKH�VWDWH�QRZ�RQ�WRS�RI�WKH�VWDFN�
SXVK $�DQG�WKHQ�JRWR>V¶��$@�RQ�WRS�RI�WKH�VWDFN��`

HOVH
LI �DFWLRQ>V�D@ DFFHSW�
UHWXUQ�

HOVH
HUURU�

HQG

Compiler Design,  WS 2005/2006

��&RQVWUXFWLRQ�RI�3DUVLQJ�7DEOHV
7KUHH�PHWKRGV�RI�YDU\LQJ�SRZHU�DQG�HIILFLHQF\�

�� 6/5����SDUVLQJ�����6LPSOH�/5����SDUVLQJ
�� /$/5����SDUVLQJ�����/RRN$KHDG /5����SDUVLQJ
�� /5����SDUVLQJ

'HI�� $�JUDPPDU�LV�DQ�6/5����/$/5����/5����JUDPPDU��LI�WKH�DVVRFLDWHG�6/5����/$/5����/5����SDUVH�WDEOH�KDV�QR�PXOWLSO\�GHILQHG�HQWULHV�
)RU�JUDPPDUV�WKH�IROORZLQJ�KROGV� ).1()1()1( /5/$/56/5 ⊂⊂
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��/5����LWHPV
'HI�� $Q�/5����LWHP�RI�D�JUDPPDU�LV�D�SURGXFWLRQ�ZLWK�D�GLVWLQJXLVKHG�SRVLWLRQ�LQ�LWV ULJKW�KDQG�VLGH�GHQRWHG�E\�D�SHULRG�´��´��ZKLFK�LV�D�PHWDV\PERO DQG�QR�WRNHQ��
([DPSOH���3URGXFWLRQ�$�→ D% JLYHV�WKH�/5����LWHPV

� $�→ �D%��$�→ D�%��$�→ D%�
,QWXLWLRQ���,WHP�$�→ α � β GHQRWHV�WKDW�LQ�WKH�SDUVLQJ�SURFHVV

� ZH�KDYH�MXVW�VHHQ�RQ�WKH�LQSXW�D�VWULQJ�GHULYDEOH�IURP�α
� ZH�KRSH�QH[W�WR�VHH�D�VWULQJ�GHULYDEOH�IURP�β

,GHD� /5����LWHPV�DUH�XVHG�DV�VWDWHV�RI�D�')$�WKDW�PDLQWDLQV�LQIRUPDWLRQ�DERXW�WKH�SURJUHVV�RI�SDUVLQJ�

Compiler Design,  WS 2005/2006

��/5����LWHPV��FORVXUH�RSHUDWLRQ�DQG�JRWR
'HI�� ,I��I LV�D�VHW�RI�LWHPV�IRU�D�JUDPPDU�*��WKHQ�closure(I) LV�WKH�VHW�RI�LWHPV�FRQVWUXFWHG�E\�WKH�WZR�UXOHV�

�� ,QLWLDOO\��HYHU\�LWHP�LQ�I LV�DGGHG�WR�closure(I).

�� ,I�$�→ α �%�β LV�LQ�closure(I) DQG�%�→ γ LV�D�SURGXFWLRQ��WKHQ�DGG�%�→ � γ WR�I �LI�LW�LV�QRW�DOUHDG\�WKHUH��$SSO\�WKLV�UXOH�XQWLO�QR�QHZ�LWHPV�FDQ�EH�DGGHG�WR�
closure(I).

'HI�� goto(I,B) ZLWK�I GHQRWLQJ�D�VHW�RI�LWHPV�DQG�B D�JUDPPDU�V\PERO�LV�GHILQHG�DV�IROORZV��,I�A → α � B β LV�LQ�I��WKHQ�
goto(I,B) LV�GHILQHG�WR�EH�WKH�FORVXUH�RI�WKH�VHW�RI�DOO�LWHPV�
A → α B � β �
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��9LDEOH�3UHIL[�')$�IRU�/5����,WHPV
*LYHQ�JUDPPDU�* �1�Σ�3�6� ZLWK�VWDUW�V\PERO�6�
² &RQVWUXFW�DXJPHQWHG�JUDPPDU *��E\�DGGLQJ��6�→ 6�ZLWK�6� ∉ �1�∪ Σ ��
² $OJRULWKP�IRU�FRQVWUXFWLQJ�WKH�FROOHFWLRQ�&�RI�/5����LWHPV�UHSUHVHQWLQJ�WKH�VHW�RI�VWDWHV�RI�WKH�YLDEOH�SUHIL[�')$�IRU�*��

EHJLQ
&�� �^�FORVXUH�>6co�6@��`�
UHSHDW
IRU �HDFK�VHW�RI�LWHPV�,�LQ�&�DQG

HDFK�JUDPPDU�V\PERO�;��GR
LI �JRWR�,�;��z � DQG JRWR�,�;�� &��WKHQ
DGG�JRWR�,�;��WR�&�

HQG LI
HQG IRU

XQWLO QR�QHZ�VHW�RI�LWHPV�FDQ�EH�DGGHG�WR�&�
HQG

Compiler Design,  WS 2005/2006

��&RQVWUXFWLRQ�6/5����3DUVH�7DEOH
,QSXW��$Q�DXJPHQWHG�JUDPPDU�*��
2XWSXW��6/5����SDUVH�WDEOH�IXQFWLRQV�DFWLRQ�DQG�JRWR IRU�*��
$OJRULWKP�
�� &RQVWUXFW�& ^�,���,���������,Q `�WKH�VHW�RI�VWDWHV�RI�WKH�YLDEOH�SUHIL[�')$�IRU�*��
�� 3DUVLQJ�DFWLRQV�IRU�VWDWH�L�DUH�GHWHUPLQHG�DV�IROORZV�

D� LI��$�→ α � a β ∈ ,L���a D�WHUPLQDO��DQG�JRWR �,L�a� ,M��VHW�DFWLRQ�>L�a@�� �´VKLIW�M´ �
E� LI��$�→ α � ∈ ,L���$�≠ 6���IRU�HDFK�a ∈ )ROORZ�$��GR�VHW�DFWLRQ�>L�a@�� �´UHGXFH�$�→ α´ �HQG�IRU
F� LI��6� → 6�� ∈ ,L����VHW�DFWLRQ�>L�$@�� �´DFFHSW´�
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��&RQVWUXFWLRQ�6/5����3DUVH�7DEOH��FRQW�G�
$OJRULWKP���FRQW�G�
�� JRWR WUDQVLWLRQ�IRU�VWDWH�L�DQG�DOO�QRQWHUPLQDOV $�

LI��JRWR �,L��$� ,M��WKHQ�JRWR >L�$@ M�
�� $OO�HQWULHV�QRW�GHILQHG�E\�DERYH�VWHSV�DUH�VHW�WR�´HUURU´�
�� ,QLWLDO�VWDWH�RI�SDUVHU��FRQVWUXFWHG�IURP�VHW�RI�LWHPV�

FRQWDLQLQJ�6� → ��6���,��

Compiler Design,  WS 2005/2006

��([HUFLVH�6/5����3DUVLQJ
&RQVLGHU�WKH�JUDPPDU�

G = ( { S,I }, { e,i,o }, P, S ) with
P =  { S → I | o,

I → i S | iS e S }.1RWH�WKDW�WKH�JUDPPDU�FRUUHVSRQGV�WR�D�ODQJXDJH�ZLWK�DQ�LI�VWDWHPHQW��LI�ZH�DVVXPH�WKH�IROORZLQJ�DEEUHYLDWLRQV�6�… VWDWHPHQW��,�… LI�VWDWHPHQW��R … RWKHU��QRQ�LI��VWDWHPHQWV��L … NH\ZRUG�LI��H … NH\ZRUG�HOVH�
D� &RQVWUXFW�WKH�/5����LWHPV�IRU�WKLV�JUDPPDU�
E� &RQVWUXFW�WKH�6/5����SDUVH�WDEOH��DFWLRQ�DQG�JRWR��
F� ,V�WKH�JUDPPDU�DQ�6/5����JUDPPDU"��,I�QRW��ZKDW�FDQ�EH�GRQH�WR�HQDEOH�SDUVLQJ"
G� 6KRZ�WKH�SDUVLQJ�VWDFN�DQG�WKH�DFWLRQV�RI�DQ�6/5����SDUVHU�IRU�WKH�LQSXW�VWULQJ��iioeoeo�
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��/5����3DUVLQJ����DOVR��FDQRQLFDO�/5�����
² ,GHD� 6/5����SDUVLQJ�H[WHQGHG�E\�ORRNDKHDG WRNHQ�
² %DVHG�RQ�/5����LWHPV�>A → α � β ��a @ZKHUH�A → α � β LV�DQ�/5����LWHP�DQG�a ∈ )ROORZ�A���L�H��a LV�WKH�ORRNDKHDG WRNHQ�
² 0HWKRG�IRU�FRQVWUXFWLQJ�WKH�FROOHFWLRQ�RI�VHWV�RI�/5����LWHPV��YLDEOH�SUHIL[�')$�IRU�/5����LWHPV� LV�HVVHQWLDOO\�WKH�VDPH�DV�IRU�/5����LWHPV�

� 2SHUDWLRQV�closure DQG�goto�
� DOJRULWKP�IRU�FUHDWLQJ�FROOHFWLRQ�&��DQG
� FRQVWUXFWLRQ�RI�/5����SDUVH�WDEOH
PXVW�EH�DGRSWHG�DSSURSULDWHO\�

² 3DUVHU�GULYHU�LV�QRW�FKDQJHG�

Compiler Design,  WS 2005/2006

��/$/5����3DUVLQJ
² 2EVHUYDWLRQ��0DQ\�RI�WKH�VWDWHV�LQ�&�GLIIHU�RQO\�E\�WKH�ORRNDKHDG WRNHQ��WKH�ORRNDKHDG WRNHQ�LV�LPSRUWDQW�RQO\�IRU�UHGXFWLRQV�
² ,GHD��0HUJH�VWDWHV�ZLWK�/5����LWHPV�ZKLFK�GLIIHU�RQO\�LQ�WKH�ORRNDKHDG WRNHQ�
² 7DEOH�VL]H��6/5� DQG�/$/5�WDEOHV�KDYH�VDPH�QXPEHU�RI�VWDWHV�
² 0HUJHU�FDQ�SURGXFH�D�UHGXFH�UHGXFH�FRQIOLFW��EXW�QRW�D�VKLIW�UHGXFH�FRQIOLFW�LI�WKH�RULJLQDO�JUDPPDU�ZDV�DQ�/5����JUDPPDU�
² /$/5����SDUVH�WDEOH�FDQ�EH�FUHDWHG�ZLWKRXW�IXOO�FRQVWUXFWLRQ�RI�VHWV�RI�/5����LWHPV��L�H��FDQ�EH�GRQH�PRUH�HIILFLHQW WKDQ�WKH�SLFWRULDO�PHUJHU�DSSURDFK�
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��6/5������/$/5������/5����� 3DUVLQJ
² 7KH�QXPEHU�RI�VWDWHV�RI�D�SDUVH�WDEOH�IRU�D�SURJUDPPLQJ�ODQJXDJH�LV�W\SLFDOO\

� IRU�6/5�DQG�/$/5�LQ�WKH�UDQJH�RI�VHYHUDO�KXQGUHG�VWDWHV�
� IRU�/5�LQ�WKH�UDQJH�RI�VHYHUDO�WKRXVDQG�VWDWHV�

² *HQHUDOO\�/5����SDUVLQJ�FRQVLGHUHG�WRR�H[SHQVLYH�LQ�SUDFWLFH�
² :LGHVSUHDG��/$/5����SDUVLQJ���XVHG�E\�<DFF ��%LVRQ���
² %RWWRP�XS�SDUVLQJ��OHIW�UHFXUVLRQ�PRUH�HIILFLHQW�WKDQ�ULJKW�UHFXUVLRQ�

Compiler Design,  WS 2005/2006

��(UURU�5HFRYHU\�LQ�/5�3DUVLQJ
3DQLF�0RGH�(UURU�5HFRYHU\�
² 3DUVHU�GHWHUPLQHV�E\�FRQVXOWLQJ�SDUVH�WDEOH�WKDW�VWULQJ�GHULYDEOH�IURP�$�FRQWDLQV�DQ�HUURU�
² 3URFHVVHG�SDUW�RI�VWULQJ�RQ�VWDFN�� UHPDLQGHU�RI�WKH�VWULQJ�RQ�WKH�LQSXW�
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