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5XQWLPH�6XSSRUW

Compiler Design,  WS 2005/2006

���5XQWLPH (QYLURQPHQWV
² 2EMHFWLYH�

� 0DQDJLQJ WKH UHODWLRQVKLS EHWZHHQ QDPHV LQ�WKH SURJUDPDQG�GDWD REMHFWV DW�UXQWLPH�
² 5XQWLPH PHPRU\ FRQWDLQV�

� JHQHUDWHG WDUJHW FRGH
� GDWD REMHFWV��FRQVWDQWV��VWDWLF�ORFDO GDWD��G\QDPLF GDWD
� SURFHGXUH DFWLYDWLRQV��DFWLYDWLRQ UHFRUGV�H[HFXWLRQ RI�D�SURFHGXUH LV UHIHUUHG WR�DV�DQ�DFWLYDWLRQRI�WKH SURFHGXUH�
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���5XQWLPH (QYLURQPHQWV
'HVLJQ�RI�UXQWLPH HQYLURQPHQW LQIOXHQFHG E\ TXHVWLRQV OLNH WKH
IROORZLQJ�
² 0D\�VWRUDJH EH DOORFDWHG G\QDPLFDOO\ XQGHU SURJUDP FRQWURO�
² 0XVW VWRUDJH EH GHDOORFDWHG H[SOLFLWO\�
² 0D\�SURFHGXUHV EH UHFXUVLYH�
² +RZ DUH SDUDPHWHUV SDVVHG ZKHQ D�SURFHGXUH LV FDOOHG�
² :KDW KDSSHQV WR�WKH YDOXHV RI�ORFDO QDPHV ZKHQ FRQWUROUHWXUQV IURP DQ�DFWLYDWLRQ RI�D�SURFHGXUH�
² HWF�
,PSRUWDQW�LVVXHV�
² ,QWHURSHUDELOLW\��SURFHGXUH�FDOO�VWDQGDUGV��GDWD�OD\RXW
² 6\VWHP�VWDQGDUGV��DSSOLFDWLRQ�ELQDU\�LQWHUIDFH�
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���5XQWLPH (QYLURQPHQWV
7\SLFDO UXQWLPH PHPRU\ VXEGLYLVLRQ IRU VWDFN�EDVHG DSSURDFK�

FRGH
JOREDO�DUHD

KHDS

IUHH PHPRU\

VWDFN

DFWLYDWLRQ UHFRUG IRU�SURFHGXUH N

DFWLYDWLRQ UHFRUG IRUSURFHGXUH M

�����

DFWLYDWLRQ UHFRUG IRU�SURFHGXUH �

VWDFN��IRU�GDWD ZLWK /,)2�DOORFDWLRQ
KHDS��G\QDPLFDOO\ DOORFDWHG GDWDZLWKRXW /,)2�VWUDWHJ\

KLJK

ORZ
FRGH IRU�SURFHGXUH �
FRGH IRU SURFHGXUH �

�����
FRGH IRU�SURFHGXUH Q



Page 3

Compiler Design,  WS 2005/2006

���$OORFDWLQJ�$FWLYDWLRQ�5HFRUGV
�� 6WDFN�DOORFDWLRQ

� $5�FRUUHVSRQGV�WR�OLIHWLPH�RI�SURFHGXUH
� FDOOV�UHWXUQV�EDODQFHG�² /,)2�VWUDWHJ\
� H�J��$GD��&��-DYD

�� 6WDWLF�DOORFDWLRQ
� ODQJXDJHV�ZLWKRXW�UHFXUVLRQ
� IRU�HDFK�SURFHGXUH�VWDWLFDOO\�VLQJOH�$5�² FDQ�EH�PHPRU\�H[SHQVLYH�
� H�J��)RUWUDQ���

�� HWF�
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���$FWLYDWLRQ 5HFRUG
² 6SDFH IRU�ORFDO GDWD�
² 6SDFH IRU�ORFDO WHPSRUDULHV QHHGHG IRU HYDOXDWLQJH[SUHVVLRQV�
² 6SDFH IRU�DFWXDO SDUDPHWHUV�
² 6SDFH IRU�WKH UHWXUQHG YDOXH XVHG E\ WKH FDOOHH WR�UHWXUQ D�YDOXH WR�WKH FDOOHU�
² 6SDFH IRU�ERRNNHHSLQJ LQIRUPDWLRQ�

� PDFKLQH VWDWXV LQIRUPDWLRQ MXVW�EHIRUH WKH SURFHGXUH LVFDOOHG �3&��UHJLVWHUV�
� FRQWURO OLQN��SRLQWV WR�WKH DFWLYDWLRQ UHFRUG RI�WKH FDOOHU
� DFFHVV OLQN��DFFHVV WR�QRQ�ORFDO QDPHV LQ�FDVH RI�EORFN�VWUXFWXUHG GHFODUDWLRQV ZLWK WKH PRVW FORVHO\ QHVWHGUXOH�
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���$5��$FFHVV�/LQN�DQG�&RQWURO /LQN
3DVFDO�SURJUDP�

program example;

procedure outer;
var n:integer;

procedure inner1;
begin writeln(n); end;

procedure inner2(n:integer);
begin inner1; end;

begin n:=1; inner2(2); end;

begin (* main *)
outer;

end.
IUHH VSDFH

DFFHVV OLQN
FRQWURO OLQN
UHWXUQ DGGUHVV

Q��
DFFHVV OLQN
FRQWURO OLQN
UHWXUQ DGGUHVV

DFFHVV OLQN
FRQWURO OLQN
UHWXUQ DGGUHVV
Q��

$5H[DPSOH
$5RXWHU

$5LQQHU�

$5LQQHU��
63
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���$FWLYDWLRQ�5HFRUG
² SDUDPHWHUV�QH[W�WR�$5�RI�FDOOHU��DFFHVV�ZLWKRXW�NQRZLQJ�ORFDOV�SRVVLEOH�
² IS SRLQWV�WR�FRQWURO�OLQN
² DFFHVV�OLQN��VWDWLF�OLQN���RSWLRQDO��SRLQWV�WR�FRQWURO�OLQN��QRW�UHTXLUHG�IRU�&
² FRQWURO�OLQN��G\QDPLF�OLQN���SRLQWV�WR�FRQWURO�OLQN�RI�SUHYLRXV�$5
² UHJLVWHU�VDYH�DUHD��E\�FDOOHU�RU�FDOOHH
² IS DORQH�RU�VS�DORQH�RU�ERWK�H�J��DOORFD�IFQ��QRW�,62�&�ORFDO�GDWD�WHPSRUDULHV

UHJLVWHU�VDYH�DUHD
FRQWURO�OLQN

UHWXUQ�DGGUHVV
DFFHVV�OLQN

SDUDPHWHUV�UHWXUQ�YDOXH

IUDPHSRLQWHU
VWDFNSRLQWHU

ROG�VS

GHFUHDVLQJPHPRU\DGGUHVVHV
SUHYLRXV�VWDFNIUDPH
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���3DUDPHWHU�3DVVLQJ
&DOO�VLWH��DFWXDO�DUJXPHQWV��3URFHGXUH��IRUPDO�SDUDPHWHUV
�� FDOO�E\�YDOXH

� FRS\LQJ�DUJXPHQW·V�YDOXH�WR�SDUDPHWHU
� ODUJH�DUUD\V"

�� FDOO�E\�UHIHUHQFH
� DGGUHVV�RI�DUJXPHQW�LV�SDVVHG
� QR�FRS\LQJ
� ZKDW�DERXW�DUJXPHQWV�LQ�UHJLVWHUV�RU�FRQVWDQWV"

�� FDOO�E\�UHVXOW��RXW�SDUDPHWHUV��YDOXH�FRSLHG�WR�DUJXPHQW
�� FDOO�E\�YDOXH�UHVXOW��LQ�RXW�SDUDPHWHUV��YDOXH�FRSLHG�LQ�WR�SDUDPHWHU�DQG�FRSLHG�EDFN�RXW�WR�DUJXPHQW
�� FDOO�E\�QDPH��$OJRO����XQSRSXODU�
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���6DYLQJ�5HJLVWHUV
,VVXH��$Q\�UHJLVWHU�YDOXH�WKDW�FDOOHU�H[SHFWV�WR�VXUYLYH�PXVW
EH�VDYHG�WR�PHPRU\�

�� &DOOHU�VDYHV�
² FDOOHU�NQRZV�OLYH�UHJLVWHUV
² FDOOHU�SHUIRUPV�WKH�WDVN

�� &DOOHH VDYHV�
² FDOOHH NQRZV�UHJLVWHUV�ZKLFK�ZLOO�EH�XVHG
² FDOOHH SHUIRUPV�WKH�WDVN

:KLFK�DSSURDFK�LV�EHWWHU"
6WUDWHJ\�LQ�EHWZHHQ�

� RQH�KDOI�RI�UHJLVWHU�VHW��FDOOHU�VDYHV
� RWKHU�KDOI��FDOOHH VDYHV
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���3URFHGXUH�&DOOV��&DOO�6HTXHQFH��5HWXUQ�6HTXHQFH

�� 3UHFDOO��VWDUWV�FRQVWUXFWLQJ�FDOOHH·V HQYLURQPHQW�DW�FDOO�VLWH�
�� 3URORJXH��FRPSOHWHV�FRQVWUXFWLQJ�LWV�HQYLURQPHQW�RQ�HQWU\�WR�SURFHGXUH�
�� (SLORJXH��VWDUWV�UHFRQVWUXFWLQJ�FDOOHU·V�HQYLURQPHQW�RQ�H[LW�IURP�SURFHGXUH�
�� 3RVWUHWXUQ��FRPSOHWHV�UHFRQVWUXFWLQJ�LWV�HQYLURQPHQW�DW�FDOO�VLWH�

SRVWUHWXUQ
SUHFDOO

SURFHGXUH�S SURFHGXUH�T

HSLORJXH

SURORJXHFDOO

UHWXUQ
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���3UHFDOO��3URORJXH��(SLORJXH��3RVWUHWXUQ
�� 3UHFDOO�

D� HDFK�DUJXPHQW�HYDOXDWHG�DQG�SXW�LQ�UHJLVWHU�RU�VWDFN�ORFDWLRQ
E� DGGUHVV�RI�WKH�FRGH�RI�FDOOHH LV�GHWHUPLQHG��LI�QRW�DW�FRPSLOH�WLPH�RU�OLQN�WLPH�
F� UHJLVWHUV�LQ�XVH�DQG�VDYHG�E\�FDOOHU�VWRUHG�WR�PHPRU\
G� LI�QHHGHG��DFFHVV�OLQN�RI�FDOOHH LV�FRPSXWHG
H� UHWXUQ�DGGUHVV�LV�VDYHG�DQG�EUDQFK�WR�FDOOHH H[HFXWHG

�� 3URORJXH�
D� WKH�ROG�IUDPH�SRLQWHU�LV�VDYHG�LQ�WKH�FRQWURO�OLQN
E� UHJLVWHUV�XVHG�E\�FDOOHH DQG�VDYHG�E\�FDOOHH DUH�VWRUHG�WR�PHPRU\
F� GLVSOD\�LV�FRQVWUXFWHG��LI�XVHG�
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���3UHFDOO��3URORJXH��(SLORJXH��3RVWUHWXUQ �FRQW·G�
�� (SLORJXH�

D� UHJLVWHUV�VDYHG�E\�FDOOHH DUH�UHVWRUHG�IURP�PHPRU\
E� ROG�IUDPH�SRLQWHU�LV�UHFRYHUHG
F� UHWXUQ�YDOXH��LI�DQ\��SXW�DW�DSSURSULDWH�SODFH
G� EUDQFK�WR�UHWXUQ�DGGUHVV�LV�H[HFXWHG

�� 3RVWUHWXUQ�
D� UHJLVWHUV�VDYHG�E\�FDOOHU�DUH�UHVWRUHG�IURP�PHPRU\
E� UHWXUQHG�YDOXH�LV�XVHG
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���3DVVLQJ�3DUDPHWHUV

�� 3DUDPHWHUV�LQ�UHJLVWHUV
� DUJXPHQWV�DVVLJQHG�WR�UHJLVWHUV
� XVXDOO\�IRU�DUFKLWHFWXUHV�ZLWK�ODUJH�UHJLVWHU�ILOHV

�� 3DUDPHWHUV�RQ�UXQWLPH�VWDFN
� DUJXPHQWV�SXVKHG�RQWR�UXQWLPH�VWDFN
� DUFKLWHFWXUHV�ZLWK�IHZ�UHJLVWHUV�OLNH�,QWHO����

6DYLQJ�DQG�UHVWRULQJ�UHJLVWHUV�
� /RRN�IRU�DUFKLWHFWXUH�VXSSRUW



Page 8

Compiler Design,  WS 2005/2006

���

&RGH�*HQHUDWLRQ

Compiler Design,  WS 2005/2006

���,QWHUPHGLDWH�&*����$GGUHVV�&RGH�IURP�$67
7KUHH�DGUHVV�FRGH�

� OLQHDUL]HG�UHSUHVHQWDWLRQ�RI�$67
� XQLTXH�WHPSRUDU\�QDPHV�IRU�LQWHULRU�QRGHV�RI�$67�VLPSOH�DSSURDFK��VRPHWLPHV�HYHQ�IRU�OHDYHV�

([DPSOH�

*

a -

a b

*

c -

a b

+$67�
t1 := a
t2 := a – b
t3 := t1 * t2
t4 := c
t5 := a – b
t6 := t4 * t5
t7 := t3 + t6

&RGH�
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���&RPPHQWV�RQ�7HPSRUDU\�1DPHV
² 3UHYLRXV�DSSURDFK��:KHQHYHU�D�WHPRUDU\�LV�QHHGHG��D�XQLTXH�QDPH�LV�QHZO\�FUHDWHG�
² +RZHYHU��7HPSRUDU\�QDPHV�FDQ�EH�VKDUHG��LI�QRW�XVHG�VLPXOWDQHRXVO\�

² (IILFLHQW�XWLOL]DWLRQ�RI�UHJLVWHUV�LPSRUWDQW�IRU�JRRG�FRGH�
² ,W�LV�WULHG�WR�SODFH�WHPSRUDULHV�LQ�UHJLVWHUV�

t1 := a
t2 := a – b
t3 := t1 * t2
t4 := c
t5 := a – b
t6 := t4 * t5
t7 := t3 + t6

t1 := a
t2 := a – b
t1 := t1 * t2
t2 := c
t3 := a – b
t2 := t2 * t3
t1 := t1 + t2
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���5HJLVWHU�$OORFDWLRQ
² 9DOXHV LQ�UHJLVWHUV DUH DFFHVVHG IDVWHU WKDQ LQ�PHPRU\�
² *RDO�RI�UHJLVWHU DOORFDWLRQ�

� 7U\ WR�NHHS IUHTXHQWO\ XVHG YDOXHV LQ�UHJLVWHUV DQG�UHGXFH LQ�WKLV ZD\�PHPRU\ DFFHVVHV�
² ,QWHUPHGLDWH FRGH FDQ DVVXPH ´LQILQLWH´�QXPEHU RI�´YLUWXDOUHJLVWHUV´�
² 5HJLVWHU�DOORFDWLRQ�

� 'HWHUPLQH ZKLFK YLUWXDO UHJLVWHUV ZLOO�EH PDSSHG WR�SK\VLFDO UHJLVWHUV DW�DQ\ JLYHQ SURJUDP SRLQW�
² :KHQ D�UHJLVWHU LV QHHGHG EXW DOO�UHJLVWHUV DUH LQ�XVH��RQHUHJLVWHU LV IUHHG E\ VWRULQJ LWV FRQWHQWV LQ�PHPRU\ � WKLV LVFDOOHG VSLOOLQJ�
² 1RWH�WKDW UHJLVWHU DOORFDWLRQ LV DQ�13�FRPSOHWH SUREOHP�
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���&DOFXODWLQJ�([SUHVVLRQV�ZLWK���5HJLVWHUV
6LPSOH�DSSURDFK�² XVDJH�RI�WHPSRUDU\�VWDFN�67�

� HYDOXDWH�OHIW�EUDQFK�WR�5�
� VDYH�OHIW�YDOXH���������67>WRS@�� �5����WRS���
� HYDOXDWH�ULJKW�EUDQFK�WR�5�
� UHVWRUH�OHIW�YDOXH����5��� �67>WRS@���WRS���
� KDQGOH�FXUUHQW�QRGH� 5���� ��5���RS��5�

RS
���5��� !��VWDFN ���5�

���VWDFN�� !��5�5��� �5��RS�5�
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���&RGH�*HQHUDWLRQ
² 'LIIHUHQW�DSSURDFKHV H[LVW IRU�FRGH JHQHUDWLRQ�
² $SSURDFK�WDNHQ KHUH��SRVWRUGHU WUDYHUVDO RI�V\QWD[ WUHH�
² %DVLF�DOJRULWKP IRU�V\QWD[ WUHH QRGH ZLWK WZR FKLOGUHQ�

procedure genCode (T:treenode)
{

if (T z NULL)
{

generate code prior to left child;
genCode(T->left);
generate code prior to right child;
genCode(T->right);
generate code for T;

}
}
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���&RGH�*HQHUDWLRQ
² 7\SLFDO FRGH DUUDQJHPHQW IRU�LI�VWDWHPHQW�

FRGH IRU�LI�WHVW

FRQGLWLRQDO MXPS

FRGH IRU�WKHQ�EUDQFK

XQFRQGLWLRQDO MXPS

FRGH IRU�HOVH�EUDQFK

758(

)$/6(
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���&RGH�*HQHUDWLRQ
² 7\SLFDO FRGH DUUDQJHPHQW IRU�ZKLOH�VWDWHPHQW�

FRGH IRU�ZKLOH�WHVW

FRQGLWLRQDO MXPS

FRGH IRU�ZKLOH�ERG\

XQFRQGLWLRQDO MXPS

FRGH DIWHU ZKLOH�VWPW

758(

)$/6(
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���$VVHPEO\�&RGH

)RU�LQIRUPDWLRQ�DERXW
� 1$60����[���DVVHPEOHU��DQG
� YLUWXDO�PDFKLQH

VHH�OHFWXUH�QRWHV�RI�ODE�FRXUVH�


