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�

92�hEHUVHW]HUEDX

(��0HKRIHU
,QVWLWXW I�U 6FLHQWLILF�&RPSXWLQJ

8QLYHUVLWlW :LHQ
:6����������

Compiler Design,  WS 2005/2006

�&RXUVH 'HVFULSWLRQ
&RQWHQWV�

� ,QWURGXFWLRQ WR�FRPSLOHU GHVLJQ�
3UHUHTXLVLWH�

� 3URJUDPPLQJ H[SHULHQFH��WKHRU\�
7H[WERRN IRU FRXUVH�

� .�&��/RXGHQ��&RPSLOHU�&RQVWUXFWLRQ��3ULQFLSOHV DQG�3UDFWLFH��&RXUVH 7HFKQRORJ\��3:6�3XEOLVKLQJ &RPSDQ\��������
,PSRUWDQW IDFWV�

� 7XH������������+6���
� &RXUVH SDJH���KWWS���ZZZ�SDU�XQLYLH�DF�DW�aPHKRIHU�WHDFK�&&�92�KWPO
� &RQWDFW���:HG �������������8=$����5RRP &���(PDLO���PHKRIHU#SDU�XQLYLH�DF�DW
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�2YHUYLHZ /LWHUDWXUH
%DVLF�FRPSLOHU ERRNV�

� $�9��$KR��5��6HWKL��-�'��8OOPDQ��&RPSLOHUV��3ULQFLSOHV��7HFKQLTXHV��DQG�7RROV� $GGLVRQ�:HVOH\������� �´'UDJRQ�%RRN´���,Q�SUHSDUDWLRQ��$�9��$KR��5��6HWKL��-�'��8OOPDQ��0��/DP� ��VW�&HQWXU\�&RPSLOHUV��$GGLVRQ�:HVOH\������������������
� .�'��&RRSHU��/��7RUF]RQ��(QJLQHHULQJ�D�&RPSLOHU��0RUJDQ�.DXIPDQQ�������
� $�:��$SSHO��0RGHUQ�&RPSLOHU�,PSOHPHQWDWLRQ LQ�&�0/��-DYD�

$GYDQFHG FRPSLOHU ERRNV�
� 6��0XFKQLFN��$GYDQFHG�&RPSLOHU 'HVLJQ DQG�,PSOHPHQWDWLRQ��0RUJDQ�.DXIPDQQ�������
� )��1LHOVRQ��+�5��1LHOVRQ��&��+DQNLQ��3ULQFLSOHV�RI�3URJUDP�$QDO\VLV��6SULQJHU�������
� <�1��6ULNDQW��3��6KDQNDU��7KH &RPSLOHU�'HVLJQ�+DQGERRN��2SWLPL]DWLRQV 	�0DFKLQH &RGH�*HQHUDWLRQ��&5&�3UHVV�������

&RPSLOHU�ERRNV IRU SDUDOOHO�FRPSXWLQJ�
� +��=LPD��%��&KDSPDQ��6XSHUFRPSLOHUV�IRU 3DUDOOHO�DQG�9HFWRU�&RPSXWHUV��$&0�3UHVV�������
� 0��:ROIH��+LJK�3HUIRUPDQFH�&RPSLOHUV�IRU 3DUDOOHO�&RPSXWLQJ��$GGLVRQ�:HVOH\�������

Compiler Design,  WS 2005/2006

�hEHUVHW]HU��&RPSLOHU�� 3URJUDPP�GDV�HLQH�4XHOOVSUDFKH�LQ�HLQH�=LHOVSUDFKH��EHUVHW]W��&RPSLOHU��=LHOVSUDFKH�LVW�HLQH�0DVFKLQHQVSUDFKH�
4XHOO�
VSUDFKH

=LHO�
VSUDFKHhEHUVHW]HU

² ,QSXW��4XHOOVSUDFKH
² 2XWSXW���VHPDQWLVFKH�lTXLYDOHQWH��=LHOVSUDFKH
%HLVSLHOH�

GLV$VVHPEOHU0DVFKLQHQFRGH
DV0DVFKLQHQFRGH$VVHPEOHU
SGI�SV3RVWVFULSW3')
J��0DVFKLQHQFRGH)RUWUDQ
FF0DVFKLQHQFRGH&
1DPH2XWSXW,QSXW
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�:DUXP�&RPSLOHUEDX"
² &RPSLOHU�VFKOLH�HQ�.OXIW�]ZLVFKHQ�K|KHUHQ�3URJUDPPLHU�VSUDFKHQ�XQG�0DVFKLQHQVSUDFKHQ�

⇒ &RPSLOHUEDX�I�KUW�]X�EHVVHUHP�9HUVWlQGQLV�YRQ�EHLGHQ�
⇒ :LFKWLJ�I�U�(IIL]LHQ]�EHUOHJXQJHQ�

² &RPSLOHUEDX�LVW�HLQ�ZLFKWLJHV�$QZHQGXQJVJHELHW�GHU�WKHRUHWLVFKHQ�,QIRUPDWLN�
² &RPSLOHUEDX�LVW�HLQ�6SH]LDOJHELHW�YRQ�6RIWZDUH�(QJLQHHULQJ�
² &RPSLOHUEDX�LVW�HLQ�NODVVLVFKHV�*HELHW�GHU�,QIRUPDWLN�

Compiler Design,  WS 2005/2006

�,QIRUPHOOH (LQI�KUXQJ LQ�6SUDFKHQ ���
(LQH 6SUDFKEHVFKUHLEXQJ HUIROJW L�D��LQ���(EHQHQ�
�� /H[LNDOLVFKH (EHQH

² 6FKUHLEZHLVH���5HFKWVFKUHLEXQJ�
² 'HXWVFK��'XGHQ�5HFKWVFKUHLEXQJ �DOOH :RUWH��&����/LVWH GHU .H\ZRUGV��=DKOHQIRUPDWH��HWF�

�� 6\QWDNWLVFKH (EHQH
² :RKOJHIRUPWH 6lW]H��*UDPPDWLN�
² (QJOLVFK���:RUGRUGHU ´6XEMHFW�3UHGLFDWH�2EMHFWµ�&����6\QWD[UHJHOQ I�U 6FKOHLIHQ��HWF�

�� 6HPDQWLVFKH (EHQH
² %HGHXWXQJ YRQ�ZRKOJHIRUPWHQ 6lW]H �ULFKWLJ"��IDOVFK"��
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�,QIRUPHOOH (LQI�KUXQJ LQ�6SUDFKHQ ���
%HLVSLHOH�
² 'HXWVFK���´+|UVDO�µ��� OH[LNDOLVFK IDOVFK�
² 'HXWVFK���´+XQG 0DXHU VFKQHOO�µ��� OH[LNDOLVFK ULFKWLJ DEHUV\QWDNWLVFK IDOVFK�
² &�����´ZKLOH��LI�����IRU�#IUHGµ��� OH[LNDOLVFK IDOVFK�
² &����´ZKLOH��LI�����IIRU IUHGµ��� OH[LNDOLVFK ULFKWLJ DEHUV\QWDNWLVFK IDOVFK�
² 'HXWVFK���´(LQ %DXP�LVW HLQ 6lXJHWLHU�µ��� V\QWDNWLVFKULFKWLJ DEHU VHPDQWLVFK IDOVFK�
² &�����´IORDW�,��, ··+HOORµ��, ������,���··��� V\QWDNWLVFK ULFKWLJDEHU VHPDQWLVFK IDOVFK�
² 'HXWVFK��´(LQ +XQG LVW HLQ 6lXJHWLHU�µ�� VHPDQWLVFK NRUUHNW�

Compiler Design,  WS 2005/2006

�,QIRUPHOOH (LQI�KUXQJ LQ�6SUDFKHQ ���
/H[LNDOLVFKH (EHQH�
² %HVFKUHLEXQJ PLWWHOV UHJXOlUHU $XVGU�FNH�
6\QWDNWLVFKH (EHQH�
² %HVFKUHLEXQJ PLW *UDPPDWLNHQ�
² /LQJXLVW�1RDP &KRPVN\�GHILQLHUWH HLQH ��VWXILJH�+LHUDUFKLHYRQ�.ODVVHQ YRQ�*UDPPDWLNHQ ������������
² =XU %HVFKUHLEXQJ YRQ�3URJUDPPLHUVSUDFKHQ VLQG YRU DOOHPNRQWH[WIUHLH *UDPPDWLNHQ YRQ�%HGHXWXQJ�
6HPDQWLVFKH (EHQH�
² %HVFKUHLEXQJ LQ�3URVD�
² D[LRPDWLVFKH 6HPDQWLN�
² ZS�6HPDQWLN�
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�,QIRUPHOOH (LQI�KUXQJ LQ�6SUDFKHQ ����� %HLVSLHO
6\QWD[�XQG�6HPDQWLN EHL 3URJUDPPLHUVSUDFKHQ�
$XV]XJ DXV ,62�&�6WDQGDUG�
6\QWD[�XQG�6HPDQWLN HLQHU ZKLOH�6FKOHLIH�
6\QWD[

LWHUDWLRQ�VWDWHPHQW��
ZKLOH ��H[SUHVVLRQ ��VWDWHPHQW

&RQVWUDLQWV
7KH�FRQWUROOLQJ�H[SUHVVLRQ�RI�DQ�LWHUDWLRQ�VWDWHPHQW�VKDOO�KDYH�VFDODU�W\SH�

6HPDQWLFV
² $Q�LWHUDWLRQ�VWDWHPHQW�FDXVHV�D�VWDWHPHQW�FDOOHG�WKH�ORRS�ERG\�WR�EH�H[HFXWHG�UHSHDWHGO\�XQWLO�WKH�FRQWUROOLQJ�H[SUHVVLRQ�FRPSDUHV�HTXDO�WR���
² 7KH�HYDOXDWLRQ�RI�WKH�FRQWUROOLQJ�H[SUHVVLRQ�WDNHV�SODFH�EHIRUH�HDFK�H[HFXWLRQ�RI�WKH�ORRS�ERG\�

Compiler Design,  WS 2005/2006

��7UDQVODWLRQ 3URFHVV�3KDVHV RI�D�&RPSLOHU
/H[LFDO
DQDO\]HU

6\QWD[
DQDO\]HU

6HPDQWLF
DQDO\]HU

,QWHUPHGLDWH
FRGH JHQHUDWRU

&RGH
RSWLPL]HU

&RGH
JHQHUDWRU

)URQW�HQG

%DFN�HQG

6\PERO�7DEOH
0DQDJHU

(UURU
+DQGOHU

7RNHQV

6\QWD[
WUHH

$QQRWDWHG
WUHH

,5

2SWLPL]HG
,5

7DUJHW FRGH

6RXUFH
FRGH
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��3KDVHV RI�D�&RPSLOHU
�� /H[LFDO DQDO\]HU �6FDQQHU���LQSXW FKDFDWHUV ⇒ WRNHQV
�� 6\QWD[�DQDO\]HU �3DUVHU���WRNHQV ⇒ V\QWD[ WUHH
�� 6HPDQWLF DQDO\]HU��W\SH FKHFNLQJ HWF�
�� ,QWHUPHGLDWH FRGH JHQHUDWRU��DQQRWDWHG WUHH ⇒LQWHUPHGLDWH UHSUHVHQWDWLRQ ,5
�� &RGH�RSWLPL]HU��RSWLPL]HV LQWHUPHGLDWH FRGH
�� &RGH�JHQHUDWRU��2SWLPL]HG ,5�⇒ DVVHPEO\ FRGH ��PDFKLQHFRGH

Compiler Design,  WS 2005/2006

��/H[LFDO $QDO\VLV��6FDQQLQJ�
² ,QSXW��VWUHDP RI�FKDUDFWHUV �VRXUFH FRGH ILOH�
² 2XWSXW��VWUHDP RI�WRNHQV
([DPSOHV�

WHILEwhileNH\ZRUG
ID:fredfredLGHQWLILHU

INTEGER:3434FRQVWDQWV
OP_GE>=RSHUDWRU
WRNHQVRXUFH FRGH
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��6\QWD[�$QDO\VLV��3DUVLQJ�
² ,QSXW��VWUHDP RI�WRNHQV
² 2XWSXW�

� V\QWD[ WUHH �UHSUHVHQWV V\QWDFWLF VWUXFWXUH RI�WKHSURJUDP
� V\QWD[ HUURUV WR�WKH XVHU

([DPSOH�

(IF) (LPAREN)(ID:a)(OP_GE)

(INTEGER:4)(RPAREN)(ID:x)

(OP_AS)(ID:y)(OP_PLUS)

(INTEGER:1)(SC)

if (a>=4) x=y+1;
if

>=

a 4

=

x +

y 1

6FDQQHU

3DUVHU

6\QWD[�WUHH�

Compiler Design,  WS 2005/2006

��6HPDQWLF $QDO\VLV
² *DWKHUV VHPDQWLF LQIRUPDWLRQ��H�J��V\PERO WDEOH IRUVXEVHTXHQW SKDVHV�
² &KHFNV�VHPDQWLF UXOHV �W\SH FKHFNLQJ��

� ,V YDULDEOH�[�D�VFDODU RU DQ�DUUD\"
� ,V DQ�H[SUHVVLRQ W\SH�FRQVLVWHQW"
� 'RHV WKH GLPHQVLRQ RI�DQ�DUUD\ UHIHUHQFH PDWFK WKHGHFODUDWLRQ"
� ,V DQ�DUUD\ UHIHUHQFH LQ�ERXQGV"



Page 8

Compiler Design,  WS 2005/2006

��,QWHUPHGLDWH &RGH�*HQHUDWLRQ
² ,QSXW��V\QWD[ WUHH��V\PERO WDEOH
² 2XWSXW��LQWHUPHGLDWH UHSUHVHQWDWLRQ �,5�
,QWHUPHGLDWH UHSUHVHQWDWLRQ LV PDFKLQH LQGHSHQGHQW�
UHSUHVHQWDWLRQ RI�WKH SURJUDP�
:K\ LQWHUPHGLDWH UHSUHVHQWDWLRQ"

� $SSURSULDWH UHSUHVHQWDWLRQ IRU VXEVHTXHQW SKDVHV�
� %UHDN�FRPSLOHU LQWR PDQDJHDEOH SLHFHV�
� 6LPSOLILHV UHWDUJHWLQJ QHZ KRVW�
� 0XOWLSOH�SDVVHV�

Compiler Design,  WS 2005/2006

��&RGH�2SWLPL]DWLRQ
$Q�RSWLPL]DWLRQ LV D�WUDQVIRUPDWLRQ WKDW

�� LPSURYHV WKH UXQWLPH RI�D�SURJUDP��DQG�RU
�� GHFUHDVHV WKH VL]H RI�D�SURJUDP��DQG�RU
�� GHFUHDVHV SRZHU FRQVXPSWLRQ��HWF�
L�H��RSWLPL]DWLRQ JRDO LPSRUWDQW

0DFKLQH LQGHSHQGHQW�RSWLPL]DWLRQV�
� HOLPLQDWH GHDG FRGH
� SHUIRUP FRQVWDQW IROGLQJ
� PRYH ORRS�LQYDULDQW FRGH RXW�RI�ORRSV

0DFKLQH GHSHQGHQW RSWLPL]DWLRQV�
� UHSODFH FRVWO\ RSHUDWLRQ ZLWK D�FKHDSHU RQH
� GDWD SUHIHWFKLQJ
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��&RGH�*HQHUDWLRQ
² ,QSXW��LQWHUPHGLDWH UHSUHVHQWDWLRQ �,5�
² 2XWSXW��DVVHPEO\ FRGH ��PDFKLQH FRGH
,VVXHV�

� 0HPRU\ PDQDJHPHQW
� ,QVWUXFWLRQ VHOHFWLRQ
� 5HJLVWHU�DOORFDWLRQ
� ,QVWUXFWLRQ VFKHGXOLQJ

Compiler Design,  WS 2005/2006

��*URXSLQJ RI�3KDVHV
² )URQW�HQG� PDFKLQH LQGHSHQGHQW�SKDVH

� OH[LFDO DQDO\VLV
� V\QWD[ DQDO\VLV
� VHPDQWLF DQDO\VLV
� LQWHUPHGLDWH FRGH JHQHUDWLRQ
� VRPH FRGH RSWLPL]DWLRQ

² %DFN�HQG�
� FRGH RSWLPL]DWLRQ
� FRGH JHQHUDWLRQ
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��,QWHUHVWLQJ $SSURDFK

P�[�Q�FRPSLOHUV ZLWK P���Q�FRPSRQHQWV�
� DOO�IHDWXUHV PXVW EH UHSUHVHQWHG LQ�RQH ,5

IURQW
HQG EDFN

HQGIURQW
HQG
IURQW
HQG

EDFN
HQG

&��

3DVFDO

)RUWUDQ

FRGH IRU
PDFKLQH $
FRGH IRU
PDFKLQH %

,5

Compiler Design,  WS 2005/2006

��&RPSLOHU�3DVVHV
2QH�SDVV�FRPSLOHU�

� $OO�SKDVHV SHUIRUPHG LQ�D�VLQJOH SDVV�
� 3RVVLEOH IRU &��3DVFDO��KRZHYHU QRW IRU 0RGXOD���

7\SLFDOO\ PXOWLSOH�SDVVHV�
� 6FDQQLQJ��SDUVLQJ��DQG�VHPDQWLF DQDO\VLV�
� 2SWLPL]DWLRQ �VHYHUDO SDVVHV"�
� &RGH�JHQHUDWLRQ�
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��/H[LFDO $QDO\VLV��6FDQQHU�

/H[LFDO DQDO\VLV� 5HDG LQSXW FKDUDFWHUV DQG�PDS WKHP LQWRVHTXHQFH RI�WRNHQV�
7RNHQ�

� 6FDQQHU�YLHZ��ORJLFDO FRKHVLYH VHTXHQFH RI�FKDUDFWHUV�
� 3DUVHU�YLHZ��EDVLF XQLW RI�V\QWD[ �WHUPLQDO RI�JUDPPDU��
7KHUHIRUH��QR�FRPPHQW WRNHQ � XVXDOO\ UHFRJQL]HG DQG�GLVFDUGHG�

6FDQQHU 3DUVHU6RXUFH
SURJUDP

WRNHQV

6\PERO�7DEOH
0DQDJHU

(UURU
+DQGOHU

Compiler Design,  WS 2005/2006

��7RNHQ�/H[HPH 3DLU
² &DWHJRULHV RI�WRNHQV�

� .H\ZRUGV��if��while��float��char�����
� ,GHQWLILHU��fred��x��foo�����
� /LWHUDOV��QXPHULF FRQVWDQWV��VWULQJ OLWHUDOV��FKDUDFWHUV�
� 6SHFLDO�V\PEROV��DULWKPHWLF RSHUDWRUV��SDUHQWKHVLV��DVVLJQPHQW��HTXDOLW\�����

² /H[HPH�RU VWULQJ YDOXH��FKDUDFWHU VHTXHQFH IRUPLQJ D�WRNHQ�
² ([DPSOH�

² /HW WXSOH �WRNHQ�OH[HPH!�GHQRWH D�WRNHQ DQG�LWV DWWULEXWH��WKHQ ZH JHW WKHIROORZLQJ VHTXHQFH�
<ID,x> <OP_AS,> <INTEGER,1> <SC,>

�1RWH��/H[HPH�FRQVLGHUHG DV�DWWULEXWH RI�WRNHQ�

[���������������������������� ��������������������������� ���������������������������������
WRNHQ������,'��������WRNHQ�����23B$6��������WRNHQ������,17(*(5������WRNHQ�������6&�
OH[HPH�����[���������OH[HPH������� ��������������OH[HPH������������������������OH[HPH��������
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��6SHFLILFDWLRQ DQG�5HFRJQLWLRQ RI�7RNHQV
�� 6SHFLILFDWLRQ RI�WRNHQV�

� 5HJXODU H[SUHVVLRQV �5(��² UHJXODU JUDPPDUV�
� $�5(�JHQHUDWHV D�ODQJXDJH�7KH 5(�U JHQHUDWHV WKH ODQJXDJH /�U� �

�� 5HFRJQLWLRQ RI�WRNHQV�
� 'HWHUPLQLVWLF ILQLWH�VWDWH DXWRPDWD �')$��
� $�')$�DFFHSWV D�ODQJXDJH�7KH ')$�0 DFFHSWV WKH ODQJXDJH /�0� �

�� 5HTXLUHPHQW����/�0�  �/�U�

Compiler Design,  WS 2005/2006

��'HI��5HJXODU ([SUHVVLRQV RYHU $OSKDEHW�6
1. ε LV D�5(��GHQRWHV ^�ε `����VHW ZLWK HPSW\ VWULQJ�
�� LI X ∈ Σ WKHQ X LV D�5(��GHQRWHV ^�X `����VHW ZLWK VWULQJ X�
�� 6XSSRVH U�DQG�V�DUH 5(V GHQRWLQJ ODQJXDJHV /�U��DQG�/�V��

D� U _�V LV D�5(�GHQRWLQJ /�U��∪ /�V������FKRLFH�
E� U V LV D�5(�GHQRWLQJ /�U� /�V���������FRQFDWHQDWLRQ�
F� U 
��LV D�5(�GHQRWLQJ /�U��
����UHSHWLWLRQ��.OHHQH FORVXUH�
G� �U� LV D�5(�GHQRWLQJ /�U�������SDUHQWKHVLV DOORZHG�
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��([WHQVLRQV WR�5(V �1RWDWLRQDO 6KRUWKDQGV�
² 2QH�RU PRUH UHSHWLWLRQV���U�������U �� �U U 
���
² =HUR�RU RQH LQVWDQFH �RSWLRQDO�VXEH[SUHVVLRQ����U "L�H�����U "�� ����U _��ε ���
² 5DQJH�RI�FKDUDFWHUV���>���@��>D�]@��>$�=@�(�J��UHDVRQDEOH DVVXPSWLRQ��XSSHUFDVH FKDUDFWHUV DUHEHWZHHQ ´$´�DQG�´=´��WUXH IRU $6&,,�FKDUDFWHU VHW�
² $Q\ FKDUDFWHU���SHULRG ´�´
² $Q\ FKDUDFWHU QRW LQ�D�JLYHQ VHW���a��X _�Y ����L�H��DQ\FKDUDFWHU WKDW LV QRW HLWKHU X RU Y�
² 1DPHV IRU 5(V�GLJLW  ��>���@OHWWHU  ��>D�]$�=@

Compiler Design,  WS 2005/2006

���1RQGHWHUPLQLVWLF��)LQLWH�$XWRPDWRQ 1)$
'HILQLWLRQ�
$��QRQGHWHUPLQLVWLF��ILQLWH�DXWRPDWRQ 0�LV D���WXSOH�
0 �4��Σ��δ��T���)��ZLWK� 4��ILQLWH�VHW RI�VWDWHV

� Σ��ILQLWH�LQSXW DOSKDEHW
� δ��WUDQVLWLRQ IXQFWLRQ 4 [�Σ → �4 �hEHUI�KUXQJVINW��
� T� ∈ 4��LQLWLDO VWDWH
� )�⊆ 4��VHW RI�ILQDO�VWDWHV

'HWHUPLQLVWLF�)LQLWH�$XWRPDWRQ�')$
² 5HVWULFWLRQ���_δ�T�[�_� ��
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��([DPSOH ')$
0 �^T��T�`�^l�d`�δ�T��^T�`��ZLWK δ��δ�T��l� ^T�`��δ�T��l� �^T�`��δ�T��d� �^T�`² 7UDQVLWLRQ WDEOH �hEHUI�KUXQJVWDEHOOH��

² 7UDQVLWLRQ GLDJUDP �hEHUI�KUXQJVGLDJUDPP��
T�T�T�
�T�T�
dl

LQSXW
VWDWHV

T� T�
l

l, d

Compiler Design,  WS 2005/2006

��6FDQQHU��)URP�5HJXODU�([SUHVVLRQ�WR�([HFXWDEOH

² 6LPSOHVW�DOJRULWKP��ILUVW LQWHUPHGLDWH�FRQVWUXFWLRQ�RI�DQ�1)$�
² $OVR�SRVVLEOH��IURP�5(�GLUHFWO\�WR�')$�
² )RU�HDFK�')$�H[LVWV�D�XQLTXH�PLQLPXP�VWDWH�')$�

5( 1)$ ')$ SURJUDP

0DLQ�WDVN� )URP�5(�WR�')$�DQG�HQFRGLQJ�')$�

��7KRPSVRQ�V
FRQVWUXFWLRQ
�ε�WUDQVLWLRQV�

��6XEVHW
FRQVWUXFWLRQ

��0LQLPL]LQJ
QXPEHU�RI�VWDWHV

��(QFRGLQJ
')$
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��6FDQQHU�*HQHUDWRUV
² $OO���VWHSV�DUH�GRQH�DXWRPDWLFDOO\�
² :HOO�NQRZQ�VFDQQHU�JHQHUDWRUV���OH[��IOH[��IDVW�OH[��*QX�FRPSLOHU�SDFNDJH�
&UHDWLQJ�D�6FDQQHU�ZLWK�/H[

OH[�O /H[
JHQHUDWRU OH[�\\�F

OH[�\\�F &
FRPSLOHU D�RXW

LQSXW
VWUHDP D�RXW VHTXHQFH

RI�WRNHQV

OH[�O��/H[ VRXUFH
SURJUDP

��

��
��

Compiler Design,  WS 2005/2006

��/H[ 6SHFLILFDWLRQV
$�/H[ SURJUDP�FRQVLVWV�RI���VHFWLRQV�

declarations

%%

translation rules

%%

auxiliary procedures

² 'HFODUDWLRQ�VHFWLRQ��FRQWDLQV�UHJXODU�GHILQLWLRQV��VSHFLDO�SXUSRVH�QRWDWLRQV�EDVHG�RQ�UHJXODU�H[SUHVVLRQV��WR�GHVFULEH�WRNHQV�WR�EH�PDWFKHG�
² 7UDQVODWLRQ�UXOHV��VSHFLI\�DFWLRQV�WR�EH�WDNHQ�ZKHQ�D�UHJXODU�GHILQLWLRQ�LV�PDWFKHG�

² $X[LOLDU\�SURFHGXUHV��SURFHGXUHV�QHHGHG�E\�DFWLRQV�

p1 { action1 }

...

pn { actionn }
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��(QFRGLQJ ')$
�� ')$�´KDUGZLUHG´�LQWR FRGH�

² IRU HDFK VWDWH D�VHJPHQW RI�FRGH�
² HQWHULQJ VWDWH��LQSXW KHDG FRQWDLQV FXUUHQW FKDUDFWHU�
² OHDYLQJ VWDWH��LQSXW KHDG LV PRYHG WR�QH[W FKDUDFWHUDQG�FRQWURO LV WUDQVIHUUHG WR�QH[W VWDWH�

�� ')$�UHDOL]HG WDEOH�GULYHQ ZLWK ´JHQHULF´�VLPXODWRU�
([DPSOH� ,GHQWLILHU

� �letter

letter,
digit

LQSXW�VWULQJ

JHQHULFVLPXODWRU

DFWLRQWDEOH
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��(QFRGLQJ ')$��'LUHFWO\ 3URJUDPPHG 9��² ([��,'

² 'LVDGYDQWDJH�
� DG�KRF DSSURDFK ZLWK OLWWOH V\VWHPDWLF�
� FRGH YHU\ FRPSOH[ IRU QRQ�WULYLDO�DXWRPDWD�
� KDUG WR�PDLQWDLQ �KDUGZLUHG DSSURDFK��

/*state 1*/

if (head==letter) {

read-next();

/*state 2*/

while (head==letter || head==digit) {

read-next();

}

return (ID);  /*accept*/

}

else

... error or other ...
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��(QFRGLQJ ')$��'LUHFWO\ 3URJUDPPHG 9��² ([��,'

'RXEO\ QHVWHG FDVH VWDWHPHQW LQVLGH ORRS�
ILUVW FDVH VWDWHPHQW��WHVWV VWDWH�
VHFRQG�FDVH VWDWHPHQW��WHVWV LQSXW FKDUDFWHU�

9HUVLRQ���DGYDQWDJHRXV WR�YHUVLRQ ��

state=1;

while (state==1 || state==2) {

switch (state) {

case 1: switch (head) {

case letter: read-next(); state=2;break;

default: ...error or other...

}

case 2: switch (head) {

case letter, digit: read-next();break;

default: state=3;

}

}

if (state==3) return(ID);  /*accept*/
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��(QFRGLQJ ')$��7DEOH�GULYHQ ZLWK 6LPXODWRU�����,''DWD VWUXFWXUH��LQGH[HG E\ VWDWHV DQG�LQSXW FKDUDFWHUV��LV
GHULYHG IURP WUDQVLWLRQ WDEOH DQG�VSHFLILHV DFWLRQV�

� �UHDG LQSXW DQG��JR WR�VWDWH N�
� DFFHSW WRNHQ DQG�JR WR�VWDUW�VWDWH WR�ZDLW IRU D�UHTXHVWIRU DQRWKHU WRNHQ�
� HUURU RFFXUUHG�

&RGH�IUDJPHQW RI�D�VLPXODWRU�
state=1;

head=read-next;

while (table[state,head]!=accept and

table[state,head]!=error) {

newstate=table[state,head];

if (table[state,head]==advance) head=read-next();

state=newstate;

}

if (table[state,head]==accept) {state=1; return ACCEPT;}

if (table[state,head]==error) {error-recovery; state=1;}
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��(QFRGLQJ ')$��7DEOH�GULYHQ ZLWK 6LPXODWRU�����,'
² 2EVHUYDWLRQ��VLPXODWRU PRUH SRZHUIXO WKDQ D�')$�DFFHSWRU�
² ')$�GRHV QRW UHSUHVHQW HYHU\WKLQJ��EXW JLYHV DQ�RXWOLQH RI�WKH SDWWHUQ PDWFKLQJ SURFHVV�

� :KDW WR�GR�ZKHQ D�FKDUDFWHU LV PDWFKHG"7\SLFDO DFWLRQ��FKDU IURP LQSXW VWULQJ WR�OH[HPH�
� :KDW WR�GR�LQ�DFFHSWLQJ VWDWHV"7\SLFDO DFWLRQ��UHWXUQ WRNHQ ZLWK DVVRFLDWHG DWWULEXWH�
� :KDW WR�GR�LQ�FDVH RI�HUURUV"7\SLFDO DFWLRQ��EDFNWUDFNLQJ RU HUURU�UHFRYHU\�
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��0RGLILHG�')$

² LGHQWLILHU��UXOH�RI�ORQJHVW�PDWFK�H[SOLFLW�
² /RRN�DKHDG�FKDUDFWHU�

� >RWKHU@��UHWXUQHG�WR�WKH�LQSXW�VWULQJ�DQG�QRW�FRQVXPHG�
² DQG�HUURU�KDQGOLQJ

letter

letter,
digit

[other]

[other]

<
=

return ID

return OP_LE

return OP_LT
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��7DEOH�GULYHQ $SSURDFK
² $GYDQWDJHV�WDEOH�GULYHQ�

� VL]H RI�FRGH UHGXFHG�
� HDVLHU WR�PDLQWDLQ�

² 'LVDGYDQWDJH WDEOH�GULYHQ�
� WDEOH�GULYHQ DSSURDFK VORZHU WKDQ GLUHFWO\ SURJUDPPHGDXWRPDWD�
� WDEOHV FDQ EHFRPH YHU\ ODUJH�
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��+DQGOLQJ�.H\ZRUGV 	�5HGXFLQJ 6WDWHV
$SSURDFK���

� VHSDUDWH�')$�IRU HDFK NH\ZRUG�
� ODUJH�QXPEHU RI�VWDWHV�

$SSURDFK���
� SXW NH\ZRUGV LQ�WDEOH��VHDUFK WDEOH ZKHQ DQ�LGHQWLILHU LVPDWFKHG��UHWXUQ NH\ZRUG�
� IHZHU VWDWHV��VPDOOHU FRGH�
� �DOVR�LQWHUHVWLQJ IRU VRPH LGHQWLILHU FODVVHV WR�VLPSOLI\JUDPPDU RI�SDUVHU��H�J��W\SHGHI�QDPHV LQ�&�
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��

typedef enum {

IF, THEN, ELSE, OP_PLUS, ...

} TokenType

typedef struct {

TokenType tokenval;

union {

char *stringval;

int numval;

} attribute;

} TokenRecord;

6FDQQLQJ�3URFHVV����
/H[LFDO�DQDO\]HU��VXEURXWLQH�RI�WKH�SDUVHU�

6FDQQHU 3DUVHU6RXUFH
SURJUDP

7RNHQ5HFRUG

6\PERO�7DEOH
0DQDJHU

(UURU
+DQGOHU

JHW7RNHQ

$WWULEXWH� DQ\�YDOXH�DVVRFLDWHG�ZLWK�D�WRNHQ�
� UHTXLUHG�LI�WRNHQ�PDWFKHV�PRUH�WKDQ�RQH�OH[HPH�
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��6FDQQLQJ�3URFHVV����
² /H[LFDO�(UURUV�

� RQO\�IHZ�HUURUV�DW�OH[LFDO�OHYHO��LQ�PRGHUQ�ODQJXDJHV��
� HUURU�UHFRYHU\�VWUDWHJLHV�

ª GHOHWLQJ�FKDUDFWHUV�XQWLO�ZHOO�IRUPHG�WRNHQ�IRXQG�
ª LQVHUWLQJ�PLVVLQJ�FKDUDFWHUV�
ª UHSODFLQJ�FKDUDFWHUV�

² (IILFLHQF\�
� /DUJH�DPRXQW�RI�FRPSLODWLRQ�WLPH�VSHQW�LQ�VFDQQLQJ�
� (IILFLHQW�,�2��´EXIIHU�SDLUV´��DQG�HIILFLHQW�KDQGOLQJ�RI�FKDUDFWHUV�UHTXLUHG��RSHUDWLRQ�SHU�FKDU�PXVW�EH�HIILFLHQW��
� 0LQLPDO�VWDWHV�RI�DXWRPDWRQ�


