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L JScZqTX�PQHCcnL&G�D HCL XEL&r;)ScnYmBE@FDxP_GSJ�YmcnG-�QBE@FD����bL(� BKd_BE@�� cmGSDFHC@CRSr�BEG�H P HIcnL_G
X�PQG L&GSYZ[���B�cnGSDFBE@FHCBEJ �WBK^wL&@FB�L&@
PQ^ HCBE@ cmGSDFHC@CRSX HIcmL&GSD����TP_DCcmX��SYmLkX7��D��uP_GSJ )S@FLkXKBEJSR�@CBED��,`)MScmD
r
P��_BKD�L_��H P_cmGScnG�{ MScn{&M�BE@ @5YnB d&BEY cnG�^wL&@Fr P HIcnL_G]P_�WL&R�HuHIM�B
)�@CL&{&@CP_r J�c���XERSYZH �


 3��x3�� 
 � '

XEJ�� � �iPQGSDI�&� ��cnDzP]DCL&RS@FXEB @\YnB d&BKY�JSBE��RS{&{&BK@z^wL&@zlz�ijk�g )S@FL&{&@CP_r
DbXEL&r;)ScmYnBEJ���[ YnXKX � U @CP_DI�k� �h�
P�@CBKHIP_@C{_BKH PQ�SYnB  XKL&r6)�cnYnBK@�� 8�L&D�H�DFL&RS@CXKBU@5YnBKd_BEY2JSBE��RS{&{&BK@CD PQ@CB�r P_X M�cnGSB @\JSB�)�BKGSJSBEG�H )S@CL.@
{&@CP_r
D�� XEJS��JScmDCBEG�HIP_GS{&YmBEDOHIMSB�r
P_X MScmGSBU@5JSB�)WBEGSJ�BEG�H
)TP_@FHCDVL_^xP�JSBK�SRS{&{_BE@V^w@CL&r cmHIDOr
P_X MScmGSBU@
cnG�JSB�)WBEGSJ�BEG�H
)TP_@FHCD���XKJS��P_X MScnB d&BKD2HIP_@C{&B HOcnG�JSB�)WBEGSJ�BEGSXKB
��[�BKr���BKJSJScmGS{:P]DCr
P_YnYoP_r
L_RSG�HOL_^
cmHCDCBKYm^�P_DzP DCB HOL_^ )S@FLkXKBEJSR�@CB X�PQYnYnD�cnG:HIMSB9)S@CL&{_@IP_r HIL ��B6JSBE�SR�{&{&BEJ�P_G�J ��[�MTP�d cnG�{]YnXKX.BEr�cmH
H PQ@C{&B H`@\cmGSJSB�)�BKGSJSBEG�H
DF[ r��WL&YxH PQ�SYnBKD P_G�J��S@FB�P��b)WL&cnG�H �FMSL L%��D ����`)MSBKDCB )�@CL XEBEJ�RS@CB�X�P_YmYnD�P_@FB
@CB ^wBE@FBEGSXKBEJ�P_D]G�RS�SD�� `)MSB�G R���DFBE@�d&BED:P_DeP�XEL&r�r�RSGScmX�PQHCcnL&G�X MTP_GSG�BEYz�WBKH<� BEBKG�HCMSB�H PQ@C{&B H
)S@FL&{&@IPQr PQGSJ�HIM�B JSBK�SRS{&{&BK@�� �5H6HI@CP_GSDF^wBK@CD�JSPQH P,�ucmHIM�cmHIDV^wL&@Fr PQH.P_GSJ�cnG�HIBK@1)S@FBKH P HIcnL_G��WBEcnG�{
P_{&@FBEBKJ�R�)�L&G �6`)MSB G�RS�!JSB�)�BKGSJSDVL&GSYZ[�L_G HIMSB XKL&r6)�cnY P HIcnL_G�P_G�J�L�)�BK@IPQHCcnGS{]D�[ DFHIBKr
D��.�5HVMTPQD
GSL2JSB�)WBEG�JSBEGSXKcnBKDxL&G�HIMSBuH P_@F{&BKH P_@FX MScmHCBEX HIRS@FB��AXEJ�� X�PQG �WBbYmL�P_JSBKJ;�ucZHIM�HIMSBuH P_@F{&BKH cmG PVDCcmGS{&YnB
)S@FLkXKBEDCDVL&G�D�[ DFHIBKr
DOHCMTPQHOJSL�G�L_HODCR�)-)�L_@FHd)S@FLkXKBEDCDFBED2L&@zcmG�HCBE@`)S@CL XEBKDCDOXEL_r
r�R�GScnXEPQHIcmL&GSD3� BEYmYh�
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`)MSB2JSBK^ PQRSYmH�XEL_G�qT{&RS@CPQHIcmL&G:L_^�XKJS��cmDbP H<� L.@<)S@FLkXKBEDFDiXEL_G�qT{&RS@CPQHIcmL&G/� `)MSB6G�RS��cnDuYnL&P_JSBEJ,�ucmHCM
HIM�BVHIP_@C{_BKH�P_GSJ:XEL_r
r�R�GScnXEPQHIBKDA�ucmHIMeXKJS��R�DCcnG�{
@FBEr�L_HIB�)S@FLkXKBEJSR�@CBVX�P_YmYnD 
 tb?' �D�� �
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`)MScmDiHIMSBKDCcmDzcnDbL&@C{�PQGSc��KBEJ�P_Db^wL&YnYmL �uD��3 �MTP�)�HCBE@dF )S@FBEDFBEG�HID2P GSL>d_BEY�J�[ GTPQr
cmX.YnL&P_JScnG�{
^ P_XKcnYncZH\[
�uMScmX M cnD�RSDFBEJ���[.HCMSB�^w@IPQr
BU��L&@`�2HCLOYnL�PQJ�B gkBEXKR�HIcmL&G r�L&GScmHCL&@CDoPQH�@FRSGG@ HIcnr�B��ucZHIMSL_R�H�@FBEXEL_r6)ScmY @
cnG�{
HIM�B9)S@FL&{&@IPQr2�3 �MTP�)kHIBE@ " JScmDCXER�DCDCBKDzHIMSB6cnr;)SYnBKr
BKG�H PQHCcnL&GeL_^�HCMSB.D�[ GSX MS@CL_GSL&RSDOXKL&@CL&RkHIcnG�B
B gkBKXER�HCcnL&G]r�L JSBEYZ�  �MTP�)kHIBE@'B.J�BEDCXK@Ccm��BKD HIM�Bb^ P_XKcnYncZHIcmBEDoHCMTPQH B gkBEXKR�HIcmL&G]r�L&GScmHCL&@CDAR�DCBbHCL�P_XKXEBKDCD
HIM�B:D�H PQHCBecnG�^wL&@Fr P HIcnL_G#L_^�HIMSB,)S@FL&{&@IPQr �WBEcnG�{�r�L&GScZHIL&@FBEJ/�  �MTP�)�HCBE@ %�{_cmd&BKD�DCL&r�BeDIP_r;)SYnB
B gkBKXER�HCcnL&G�r
L&G�cmHIL_@CDzHIL:JSBKr
L&G�DFHI@CPQHIB�HIM�B�d c PQ�ScnYmcmH\[:L_^�HCMSB�^w@IP_r�B�� L&@1� �* �MTP�)�HCBE@��,)S@FBEDCBKG�HID
HIM�B�)S@CBKYncnr�cnGSP_@F[;)WBE@F^wL_@Cr
P_GSXEBO@FBEDFRSYmHCDx^wL&@xHIMScmD�^w@IPQr
BU��L&@`�]P_G�J�JScmDCXKRSDCDFBEDuHIMSB�)S@Fcnr
P_@F[
cnDFDCRSBKD
P_DFDCL XEc P HIBEJ,�ucmHCMecmH �' �MSP�)�HIBK@ '�XKL&GSXEYmRSJSBKD�HCMScnDxHCMSBEDFcnD �ucmHIM,)WL&DCDFcn�SYmBOJScn@FBEX HIcnL_GSD)cnG��uMScmX M�HIM�B
^w@IPQr
BU��L&@`�]X�PQG:�WBVcnr;)S@CL>d_BEJ�P_GSJecmHCD)Yncnr�cmHIPQHIcmL&GSD��
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�ogkBEXERkHIcnL_G�r�L&GScZHIL&@FDoPQGSJ�H P_@F{&BKH�)S@CL&{_@IP_r�DocmG.HIMSB)lbY P_r�Lb^w@CP_r�B�� L&@1� � "_BU$=�_� �TP_@FB)�+= U L&� �FBEX H
qTYmBED � �AYm^ � " �h�O`)MSB [�P_@FB�YnL&P_JSBEJ�cnG�HIL]DFB�)TPQ@IPQHCB�P_@CBEP_DiHIMSPQHVP_@FB�J�[ GTP_r�cnXEP_YnYZ[eP_YnYmLkXEPQHIBKJ2�ucZHIMScmG
HIM�B]P_JSJ�@CBEDFD�D1)SP_XEB
L_^xHIM�B liYnP_r�L 8:L&GScmHCL&@6��gkBKXER�HCcmd&B.��`)MSB�dQP_@CcnP_�SYnBKDVcnG�YmL�P_JSBKJ )S@FL&{&@CP_r
D
{&B Hb@FBEYmLkXEPQHIBKJ:��R�HzPQ@CBVGSL_H�YncmG-�_BKJ��ucmHIMeHIM�B2LQHIMSBK@3)S@FL&{&@CP_r
D��Sr�LkJSR�YnBED���`)MSB6L_GSYm[ @CBEr
P_cmGScnGS{
B g HCBE@CGSP_Yf@FBK^wBK@CBEG�XEBEDVPQ@CB2DCMTP_@FBEJ Ymcn�S@CP_@F[ ^wRSGSXKHCcnL&G:X�PQYnYnD��)`)MSL&DFB.YnL&P_JSBEJO)S@FL&{&@IPQr
DbP_XKHiP_D�DCB�)G@
P_@CPQHIBVBEG�HCcmHIcmBEDuP_G�J�JSL�GSL_HuXKL&G�HIBKGSJ2�ucZHIM:B�P_X M�L_HIMSBK@���`)MScmD�Jk[kGSP_r
cmXOYnL�PQJScnGS{�^ PQXEcnYmcmH\[
X�P_G:�WB
RSDFBEJ�GSL_HzL&GSYm[ecmG�HIM�B.r�L&GScmHCL&@CcmGS{�L_^+)S@CL_{&@IP_r�D��W�SR�HzP_YnDFL]P_DzP {&BEG�BE@IPQY )SYnPQHC^wL&@Fr L_^A@FRSGSGScmGS{
DCB d&BK@IP_Y�)�@CL&{&@CP_r�DbDFcnr�RSYZH P_G�BEL&RSDFYm[�cmG�L&G�B P_JSJS@FBEDFDzD1)TPQXEB�� *�BEXEP_RSDFB�HIMSL&DFB9)S@FL&{&@CP_r
DbB gkcnD�HzcmG
HIM�B
DCP_r
B�P_J�JS@CBKDCD.D`)TP_XKB��oXKL&G�HIBhgkH6D`�ucZHIX MScmGS{�HCcnr�B ��B H<��BKBEG�HCMSBEr cmDO^ P_@VYnBEDFDOHIMTP_G���B H<��BKBEG
JSc $ BK@CBEG�Hd)S@FLkXKBEDFDCBED�� liYmDCL�)TP_DFDCcmGS{ecnG�^wL&@Fr P HIcnL_G��WBKH<� BEBKG�HIM�L&DCB0)S@FL&{&@CP_r
DicnDzBEP_DCcmBE@VP_GSJ!MTPQD
YnL(� BE@uL>d&BK@CMSBEP_J�HCMTP_GeXEL&r�r�RSG�cnX�P HIcnG�{ ��B H<��BKBEG )�@CL XEBEDFDCBKD��

`)MScmDAX MTP�)�HCBE@ DFH PQ@FHID �ucZHIM�PO�S@CcmBK^WDCRSr�r
P_@F[.L_^�HCMSB��+=sU�L&� �FBEXKH�qTYmBx^wL&@Cr
PQH��_^wL&YnYmL(��BKJ
��[ DCBKXKHCcnL&GSD�HCMTPQH�JSBKDCXK@Ccn�WBxHIM�B)l�8�� � D J�[ GTPQr
cmXxYnL�PQJScnGS{�^ P_XEcmYncZH\[%�s�5H P_JSJS@FBEDCDFBED�HIMSB)J�c:$�BE@CBKGSXEBKD
�WBKH<� BEBEG�L&R�@6^ P_XKcnYncZH\[�P_G�J�HIMSB DF[ DFHCBEr�� D�BhgkcnDFHCcnGS{�J�[ GTP_r�cnX�YnL�PQJScnGS{e^ P_XKcnYncZHIcmBEDVP_GSJ�JSBEDFXE@Ccm��BKD
JSB H P_cmYnBEJecmr6)SYmBEr�BEG�H P HIcnL_G cnDFDCRSBKDb@FBEYnPQHIBKJeHCL HIMScmD)RSGScnv�RSBO^ P_XKcnYmcmH\[%�

� B
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`)MSB.��gkBKXER�HIP_�SYnB.P_GSJ = cmG-��cnGS{�UTL&@Fr PQH 
 �+=sU��ucmDbP��ScnGSP_@F[�^wL&@Fr P HuL&@Ccm{&cnGTPQYnYm[�JSB d&BKYnL%)WBEJ�PQGSJ
)SRS��YncnDFMSBEJ���[!abG�cZg�j [ D�HIBEr = P_�WL&@CPQHIL&@FcnBKD � �AYZ^ � " �Z���5H6cmDzHIMSB�JSB ^ P_RSYZHV�ScnGTPQ@F[�^wL_@Cr
PQHz^wL&@OHIM�B
B gkBKXER�HIP_�SYnB2qTYnBKDbR�DCBEJ���[:r
P_G�[er
L JSBE@FG:dQP_@Fc P_G�HCDbL_^Aai�b�5� DCR�X M!P_Dzj��Ot B-�=j L&Y P_@FcnD FG� g^� PQGSJ
=pcnG�Rkg]�%�&"G� g^���+= U cnDor
L&@FBA)WL � BE@�^wRSYTP_G�J �SB gkcn�SYmB�HIMSP_G HIMSB)PG� L&RkH�P_GSJ6 )�OU�U �ScmGTP_@F[2^wL&@Fr PQHCD��

`)MSBK@CB6P_@CBzHCMS@CBKB6r
P_cnG]H\[s)WBED�L_^o�'= U#qTYmBED	�

� lbG L`_GL����sX aDk��4LbqTYmB XEL&G�H PQcnGSDOXKLkJSBKD.PQGSJ!JTPQH P�DFRScmHIP_�SYnB�^wL_@OB gkBEXKR�HIcmL&G/���5H2D1)WBEXEcZqTBEDVHIM�B
r�BEr�L&@F[ Y P�[&L_R�HuL_^oP�)�@CL XEBEDFD��

� l TWL �4[ �1a�X aDk��4LsqTYmB)XEL&G�HIP_cnGSD�XKLkJSBKD P_GSJ�JTPQH PODFRScmHIP_�SYnBx^wL_@AYncnG�� cmGS{��ucmHCM�L_HIMSBK@�@CBEYmLkXEPQH PQ�SYnB
P_G�J�DFMTP_@CBKJ�L_� �FBEX H�qSYnBED��

� l V7K�a�TWL �O[�k�� L��UX qSYnBVXEL&G�HIP_cnGSD�XEL JSBKDzP_GSJ�JTPQHIP�HCL �WB6D�H PQHCcnX�PQYnYm[ L&@�J�[ GTP_r�cnX�PQYnYm[
YncmG-�_BKJ
�ucZHIM:P0)S@CL XEBKDCD��

�\G��+= U$B gkBEXKR�H PQ�SYnB qSYnBED��oHIM�B�P_JSJS@FBEDFDCBED LQ^)d_PQ@Cc PQ�SYnBKD.P_@FB]P_��DCL&YmR�HIB
r
BKr
L&@�[�YnL X�Pc@
HIcmL&GSD�� PQGSJ�X�P_GSG�L_H���B�@FBEYmLkXEPQHIBKJ J�[ GTP_r�cnX�PQYnYm[��!liG�L&� �FBKXKH�qTYnB L&G HIMSB�L_HCMSBE@ MSP_GSJ X�P_G��WB
@CBKYnL X�PQHCBEJ/��`)M R�Dil�8�� � DiJk[kGSP_r
cmXVYnL�P_J�cnGS{ ^ P_XKcnYncZH\[]@FBEv�RScn@FBED�r
L_GScmHCL&@CDuP_G�J�H PQ@C{&B Hg)S@FL&{&@CP_r
D
cnG�@CBEYmLkXEPQH PQ�SYnB�L&� �FBKXKH�^wL&@Fr P H.@CPQHIMSBK@.HIMSP_G B gkBEXKR�H PQ�SYnB ^wL_@Cr
PQH �� �L&YnYmBEXKHCcnL&G�D6L_^uL_� �FBEX H qTYnBKD
HIMSPQHVr P.�_B R-)�P_G!BEG�HCcn@CB0)�@CL&{&@CP_r cmG!P�@CBEYmLkXEPQH PQ�SYnB6L&� �FBEX HV^wL&@Cr
PQHOPQ@CB0)S@FLkJSR�XEBEJ�RSDFcnGS{�HIM�B

	 � L%)�HCcnL&G�JSR�@CcnG�{�YmcnG-��cmGS{-�
Uocm{&RS@CB FG�Z�2DCMSL(�uDiHCMSB6YnP�[&L&R�HbL_^�P_G �+= U L_� �FBEX HiqTYmB��xlbG �+= U�L&� �FBKXKH�qTYnB2XEL_G�HIP_cnG�D

P_G!�+= U�MSBEP_JSBE@��pP]DCBKXKHCcnL&G M�B�P_JSBK@zH P_��YnB���P_GSJ�DFBKd_BE@IPQYADCBEX HIcmL&GSD��OlbG�

��� KML1a��sLUTu@CBKDCcmJSBEDOP H
HIM�Bx��BK{&cnG�GScnGS{iP_GSJ JSBKDCXK@Ccn�WBED�P ��@CL�P_J.r P�) �zL_^THIM�B�qTYnB � DoL&@C{�PQGSc��EPQHIcmL&G/� `)MSB�qT@FDFHA^wBU����[�HIBKDAL_^
HIM�Bb�+= U MSBEP_JSBE@�D`)�BKXEcm^ [�MSL(��HILOJ�BEXEL JSB�P_GSJ�cmG�HCBE@`)S@CB H HCMSBxqTYmB � DAXEL&G�HIBKG�HID�� UTL&YmYnL(�ucnGS{�HIMTP H ��cmH
D1)WBEXKcmqTBKDoHIM�B H\[s)�B�L_^ P_G�L_� �FBEX H�qTYnB.�QHCMSB�@FBEv�RScn@FBEJ�r
P_X MScmGSBxPQ@CX MScZHIBEX HIRS@FB ^wL&@fP_G�cmGSJScZdkcmJSRTP_Y&qSYnB��
P_GSJOHCMSB�d&BK@CDCcmL&G2G R�r���BK@=^wL&@=HIM�BAL&� �FBEX H qTYnB.�s�5HsPQYnDCL){_cmd&BKDsPxDCRSr�r PQ@F[zLQ^ HCMSB�G�RSr��WBE@pL_^ BEG�HC@CcnBKD
cnG2HIMSB DCBKXKHCcnL&G�M�B�P_JSBK@fHIP_�SYnB.� HCMSB�DFBEX HIcnL_G.MSBEP_JSBE@�� DoDCc��KB cmG.��[�HIBKD��&HIM�B qTYmB L.$ DFBKHIDs^wL&@sDFHIL_@CcnG�{bHIM�B
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DCBKXKHCcnL&G�MSBEP_JSBK@zH P_�SYmB��+LUX �U�2l V(L��UX Qh[cP KML1a��sLUT�XhaDk��4L�XEL_G�HIP_cnG�DzBEG�HI@FcnBKDOJSBEDFXE@Ccm�ScnG�{�B�P_X M!L_^�HIM�B
qTYmB � DODCBEX HIcmL&GSD���� PQX M�BKG�HC@F[�D`)�BKXEcZqTBEDVcnGk^wL&@Cr
PQHIcmL&G�cmGSXEYmRSJScmGS{ HIM�B DCBEX HIcmL&G!GTP_r�B��=HIM�B DCBEX HIcmL&G
DCc��EB.�TP_GSJ�DFL�^wL&@FHCM/�Ae/L��UXZQh[cP�V M�L&YnJ HCMSBO�SRSY:�
LQ^fL_� �FBEX HxqTYnBicnG�^wL&@Fr P HIcnL_G/��DCRSX M�P_DxcmGSDFHC@CRSX HIcmL&GSD��
JTPQHIP���DF[ r��WL&Y H P_�SYmB���D�HI@CcmGS{zH PQ�SYnB.�&@CBKYnL X�PQHCcnL&G6cnG�^wL&@Fr P HIcnL_G/�_PQGSJ�DCLVL&G/��jkL&r�BxDCBKXKHIcmL&GSD�L XEXER�)�[
r�BEr�L&@F[ JSRS@CcmGS{;)S@CL XEBKDCD�B gkBEXKR�HIcmL&G/�M�uMScnYmBVDCL&r�BVXEL&G�HI@FL&YpDCBKXKHCcnL&GSD�JSL�GSL_H�@CBKDCcmJSBVcnG:r
BKr
L&@�[%�
l�8�� YnL�P_J�D)L&GSYm[ HIMSL&DFBVDCBEX HIcmL&GSDuHIMTPQHbP_@FBVGSBEBKJSBEJ�JSRS@CcmGS{;)S@CL&{_@IP_r B gkBEXKR�HIcmL&G/��`)M�BE@CB2cnDuL&G�B
D1)WBEXKc P_YfDCBKXKHIcmL&G

.bss
�uM�cnX M!MSL&YmJSDzRSGScmGScmHCc P_Ymc��KBEJ:JTPQH PG�6`)MScmDODCBKXKHIcmL&G�L XEXER�)ScnBKDOGSL�qTYnB�D`)TP_XKB��

`)MSB)DFBEXKHCcnL&G M�B�P_JSBK@AL_^ HIMScmDoDFBEXKHCcnL&G�D`)�BKXEcmqSBED�HIM�BxDCc��EB)L_^THCMScnD�DFBEX HIcnL_G/�ol�8���YmB�P�d&BKD�HCMTPQHor�RSX M
D1)SP_XEBV^wL&@xHIM�cnD)DCBKXKHCcnL&G�PQH)HIM�B2BKGSJ:L_^fHCMSBd)S@CL_{&@IP_r�� D)cnr
P_{&BOP_G�J:cmGScmHCc P_Ymc��KBED�r�BEr�L&@�[
HCL �KBE@FL-�

describes the file’s
organization; specifies
how to interpret the file.

each of the file’s sections.

section 1

section n

.  .  .  .

.  .  .  .

.  .  .  .

section header table

ELF  header

contains entries describing

the bulk of the object file
( eg. instructions, data,

symbol table, string table,
relocation information.  )

Uocn{&R�@CB
FG�Z� �A`)MSBVY P�[_L&R�H�L_^oP_G:�'= U�L&� �FBKXKHuqTYnB.�

lir�L&GS{6P_YmYSHIMSB�DCBKXKHIcmL&GSD cnG
�+=sU�L&� �FBKXKHID���RSG�JSBE@FDFH PQGSJScnG�{6HIM�B
.strtab

�
.symtab

�kP_GSJ

.rela
DFBEX HIcnL_GSDxcnD BED`)�BKXEc PQYnYm[�cmr6)WL&@FHIP_G�H�cmG]L&@FJSBE@�HCL YnL�PQJ]P_G�L&� �FBEXKH)qSYnBiXKL&@C@FBEX HIYm[��A`)MSBOL&� �FBKXKH

qTYmB:R�DCBED
DFHC@CcnG�{&D�DFHIL_@CBEJ�cnG�HIMSBeD�HI@CcmGS{!H P_�SYmBeDCBEX HIcmL&G/�
.strtab

� HCL�@FB�)S@FBEDCBKG�H]DF[ r��WL&YuGTP_r�BED
P_DFDCL XEc P HIBEJ#�ucZHIM#D�[ r���L_Y�H P_��YnB BKG�HI@CcmBED���`)M�B�L&� �FBEX H�qTYmB � D�DF[ r��WL&Y�HIP_�SYnB
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Memory segment for an 
executable file’s PLT entries,executable file’s PLT entries,

actual address for printf

in the memory

entry for "printf" :

first four entries
reserved for OS

first four entries
reserved for OS

jumps to the first PLT entry.

current and the initial PLT entry.
contains the distance between the

Memory segment for an 

encountering "printf".after
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typedef struct
�

Elf32 Word st name;
Elf32 Addr st value;
Elf32 Word st size;
unsigned char st info;
unsigned char st other;
Elf32 Half st shndx;�

Elf32 Sym;
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DCR��SDCBKv R�BEG�H X�PQYnYh� �\G�L&@FJSBE@OHIL�P�d&L&cmJ�HIMScmD
)�@CL&�SYmBErO�pGSL&GG@5@CBKBEG�HI@CP_G�H.Ymcn�S@CP_@F[�@CL&RkHIcnG�BED2P_@CB�GSLQH
P_YmYnL(��BKJecnG:�'8�D��

�x3	�x3	� �  �� ��� � � �����  ����� � �� �" ' � ��� � �  ��� � " ����� �

*�BKX�P_RSDFB HIMSB�YmL�P_JSBKJ!)S@CL_{&@IP_r�DzPQ@CB�GSLQHOYncmG-�_BKJ �ucmHCM HIMSB l�8��?�=L&GSB9��P�[�^wL&@bHIMSBKr HIL DCMTP_@FB
cnr;)WL&@FHIP_G�HodQP_@CcnP_�SYmBED�cmD�HILd)TP_DFD HCMSBEr/HCMS@CL_RS{&M HIMSB��'8 � D�L&@A`u? � D

main
^wRSGSXKHCcnL&G�)TPQ@IP_r�BKHCBE@CD��

`)MSL&DFBOd_PQ@Cc PQ�SYnBKD�cnG�XEYnR�JSBiHIM�BzYnL X�PQHCcnL&G
L_^ HIMSBOM�B�P�)�^wL&@xBEP_X MeYnL�PQJSBEJ�)S@FL&{&@CP_r2��HIM�BO{&YnL&�SP_Y�`u?
P_GSJ 8� )�@CL&{&@CP_r�� DOD�H PQHCRSD��oP_GSJ�P_JSJS@FBEDCDFBED6L_^)P_XKXEBKDCD6^wR�GSXKHCcnL&GSD � I MSL&RT�_� �Z� LUX �U�
`)M�B P_XKXEBKDCD
^wRSGSX HIcmL&GSD�P_@CB:RSDFBEJ���[ �'8 �u@FcmHIBK@CD HIL�L&��HIP_cnG�`u? � D
dQP_@CcnP_�SYmBED�P_GSJ�DFHC@CRSX HIRS@FB�cmG�^wL&@Cr
PQHCcnL&G
�uMScmYnB
)S@CL XEBKDCDCcmGS{]HIM�B.BKd_BEG�HID��OliYmYfYmL�P_JSBKJ �'8�DzL&�kH P_cmG�HIM�B P_JSJS@FBEDFDCBEDOLQ^�HIMSL_DCB.^wRSG�XKHIcmL&GSDb��[



Fk�

HIM�B;)SP_DCDFBEJ�JSPQH P�^w@CL&r HIMSB�l�8��?�sl  �DFHI@FRSXKHCRS@CB�cnDOXK@CBEPQHIBKJ�HCL�MSL_YnJ�HIMSL_DCB dQP_@CcnP_�SYnBKD�� �5HVcmD
P�)-)WBEG�JSBEJ HIL!HIMSBeBEG�J�L_^�HIMSB:L&@Fcn{&cmGTP_Y ^wR�GSXKHCcnL&G � D�P_@C{_RSr
BKG�H�P_@C@CP>[���Ufcn{&RS@FBOFG�#"�DFMSL(�uD
HIM�B
Y P�[_L&R�H2L_^xHCMSB
r�L JScmqTBKJ�P_@C{&R�r
BKG�H.P_@F@IP�[ ^wL&@VHIMSB

main
^wRSGSXKHCcnL&G�L_^uPeYnL&P_JSBEJ )S@FL&{&@IPQr2��liD

DCM�L �uG�cmG
HCMSBiJScnP_{&@CP_r2�&HCMSBzPQJSJScmHCcnL&GSP_YTBEYmBEr�BEG�HxcmD�P�)�)�BKGSJSBEJeP ^ HIBE@�HIM�B
NULL

�kDCL2HIMSBzYmL�P_JSBKJ
)S@FL&{&@IPQr JSL BEDFG � HOJSBKHCBEX HOHIMTPQHzcmHIDzP_@C{&R�r
BKG�HzP_@C@CP�[ 


argv
�bMSP_DO��BKBEG�X MTPQGS{&BEJ �6`)MSB L_@Ccn{_cnGTP_Y

P_@F{&RSr�BEG�HVXEL&R�G�H�

argc

�idQP_@CcnP_�SYmB�cnD2P_YmDCL�RSGSX MSP_GS{&BKJ/�fHCM R�D2HCMSB�YnL�P_J�BEJ )S@CL_{&@IP_r�� DO��BKMTP�dkcmL&@
@CBKr PQcnGSD)RSG�X MTP_GS{&BKJ/�

argv[0] argv[1] NULL NULL

structure holding
all the variables
passed to the TP,
MC, or EMs.

.  .  .  .

argv

argc

TP’s or EMs’ parameters

Ufcn{&RS@FBdFG�#" �A`)MSB2Y P�[&L_R�HuL_^sHIMSBVr�LkJScZqTBEJePQ@C{&RSr�BEG�HbP_@F@IP�[ ^wL&@uP�YnL&P_JSBEJ,)S@FL&{&@CP_r�� D
main

�

UTRSGSX HIcnL_GSD
TpInit(argc, argv)

P_GSJ
EvInit(argc, argv)

P_@FBVRSDCBKJ���[�`u? P_GSJ��'8 HCL
cnG�cmHIcnP_Ync��EB�HIMSB�B gkBKXER�HCcnL&G
r
L&G�cmHIL_@CcnG�{-�_@FBED1)WBEX HIcZd&BEYZ[%�

argc
P_G�J

argv
P_@FB)HIMSB�`u? � D L&@AHIMSBb�'8 � D

main()
^wRSGSXKHCcnL&G,)TPQ@IP_r�BKHCBE@CD��A`)MSBEDFB2H<� L�^wRSGSXKHCcnL&G�DuP_@CBOXEP_YnYmBEJ�cnG�HCMSBzd&BK@F[e�WBE{&cmGSGScnG�{ L_^fHCMSB

)S@FL&{&@IPQr2�

�x3	�x3�� � � � � � ����
�� � �  ���" � � �  �

l�8�� )S@FL>dkcmJSBED6H<��L!P�)�)S@CL�PQX MSBED�^wL&@2r
P_GTP_{&cmGS{eHIMSB]M�B�P�) D`)TP_XEB L_^uYnL�PQJSBEJ )S@CL&{_@IP_r�D���`)MSB
qT@FDFH P.)-)S@CL&P_X M#RSDFBED�P�DCcnG�{&YnB�DF[ D�HIBEr MSBEP�)�^wL&@2YnL�PQJSBEJ )S@CL&{_@IP_r�D���`)MScmD6cmD6J�L&GSB ��[�YncmG-��cnGS{
HIM�B

malloc
^wRSG�XKHIcmL&G#RSDFBEJ cmG�YnL&P_JSBEJ )S@CL&{_@IP_r�D2HCL ?+=k`�BKG�HC@CcmBED�cmG�HIM�B l�8�� P_D6DCMSL(�uG�cnG

Uocm{&RS@CB FG� B-��`)MSB )SM�[ DCcmX�P_Ybr
BKr
L_@F[�Y P�[_L&R�H]LQ^zHIMSB�l�8���cnD�DCM�L �uG cmG Uocm{&RS@FB�FG�&%G��l�8��



F%F

P_YmYnL X�PQHCBED�D`)TP_XEB:^wL&@ `u? � D P_GSJ��'8�D	� XEL JSB�� JTPQHIP���PQGSJ�D�H P_X7� @FBE{&cmL&GSD�� `)MSB [�PQYnYxDFMTP_@CBeHIM�B
l�8�� � DAMSBEP�) D1)TPQXEBp�uMScmX M cnDsHIMSBxD�[ DFHIBKr�� D�MSBEP�)/��`)M�B)P_J�dQP_G�H PQ{&BxL_^THCMScnDoP�)-)S@FL�P_X M�cmDfHIMSPQH�HIM�B
MSBEP�)6D`)TP_XKB cmDpGSL_H Yncmr
cZHIBKJi^wL&@=HIM�B YmL�P_JSBKJd)S@CL&{_@IP_r�D��>DFcnGSXKB�HCMSBK[2PQ@CBADCMSP_@CcmGS{)HIMSB�DF[ D�HIBEr�� DfMSBEP�)
D1)SP_XEB.�b`)MSB6JScnDCP_J�dQP_G�H PQ{&B.L_^�cmH�cnDuHIMTP HbHCMSB.MSBEP�) D`)TP_XEB.P_YnYmLkXEPQHIBKJ:^wL_@uHCMSB.`u? cmDbcmG�HCBE@FYnB�P�d_BEJ
�ucmHCM HIMSB M�B�P�)!D1)SP_XEB�P_YmYnL X�PQHCBEJ�^wL_@O�'8�D����5^�HCMSB `u?�cmDO�SRS{&{_[��=@IPQGSJSL&r )�L&cmG�HIBE@FDzX�PQG �u@FcmHCB
L>d&BK@���8 XKLkJSB�L_@.MSBEP�)�@CBE{_cnL&GSD�� 8�BEr�L&@F[ )S@FL_HIBKXKHIcmL&G X�PQG ��B�)S@FL>dkcmJSBEJ L_G���8 XKLkJSBePQGSJ
DFHIP_X7��@CBK{&cnL_GSD��T�SRkHg)S@FL_HIBKXKHCcnGS{��'8 MSBEP�)�@FBE{&cmL&GSDucnD)cmr6)WL&DFDCcn��YnBzcmG:HCMScnDuP�)�)S@CL�PQX M��WBEX�PQRSDCB2L_^
r�BEr�L&@F[ cnG�HIBK@CYnBEP�dkcmGS{-�

EM

TP

AME

.

.

.
malloc

malloc(...)

malloc(...)

malloc(...)

. . .

. . .

. . .

. . .

. . .

. . .

AME, TP, MC, EM ...
malloc is shared by

Uocm{&RS@FBdFG� B��AliYmY=YnL�PQJSBEJ,)S@FL&{&@IPQr
DuP_G�JeHCMSBVl�8�� DFMTP_@FB6P DFcnGS{&YmBOXEL%)�[�LQ^
malloc

^wRSGSX HIcnL_G/�

`)MSB)DFBEXEL_GSJ�P�)-)S@FL�P_X M0)S@FL d cmJSBED�P_G.cnGSJSB�)�BKGSJSBKG�H�M�B�P�) D`)TP_XEBx^wL_@�B�P_X M0)�@CL&{&@CP_rO�_{&cZdb@
cnG�{.r�L&GScmHCL&@ �u@CcZHIBE@FD�HIM�BOP_�ScmYncmH\[.HIL�D`)�BKXEcm^ [�r�BEr�L&@F[;)S@FL_HIBKXKHCcnL&G
L&G���LQHIM��'8 XEL JSBiP_GSJ]MSBEP�)
@CBK{&cnL_GSD��6`)MSB�JSBKHIP_cnYmBEJ�JSBKDCXE@Fc4)�HCcnL&G!L_^�HCMSB r
BKr
L_@F[�)�@CL_HCBEXKHCcnL&G�cmDzJScmDCXER�DCDCBKJ�cmG�jkBEX HIcnL_G Fs�&"��
`)MSB�J�cnDIPQJ�dQP_G�H P_{&B6L_^�HCMScnDbDCL&YmR�HIcmL&G�cmDbHCMTPQH�HIMSB.qkg�BKJG@\DFc��KBEJ�MSBEP�) D1)SP_XEB�@FB�)S@FBEDFBEG�HID2P
Ymcnr�cmHIPc@
HIcmL&G]cmr6)WL&DCBKJ]��[ HCMSBzr�L&GScmHCL&@CcmGS{V^w@IP_r�B�� L&@1�
PQHxHCMSBz�WBE{&cmGSGScmGS{.L_^sBhg�BKXER�HCcnL&G �A`)MSBOMSB�P.):DFc��KB
X�PQG��WBVDCBKHuHCL
P YnP_@C{&BOG�RSr.��BK@ �ucZHIMSL_R�Hu@CBKXEL&r;)ScnYnPQHIcmL&G]PQGSJ�cZHucnD)GSLQH�P�)�@CL&�SYmBEr cmG,)S@IP_X HIcmXEB��



F�"

TP

EM

MC

code
data

code
data

code
data

code
data

AME’s Heap

stack stack

stackstack

EM

Memory

AME (code, data, stack)

Ufcn{&RS@FB
FG�&% �A`)MSBd)SM�[ DCcnXEP_Y r
BKr
L_@F[
Y P�[&L&RkH�^wL_@xHIMSBVl�8���RSDCcmGS{�P�DFcnGS{_YnBzMSBEP�)�P�)-)S@FL�P_X M/�

?A@CL>d cnJScmGS{ucnGSJ�B�)WBEGSJSBKG�HoMSBEP�)2D1)TP_XKB cmD=HI@FcnX7��cnBK@=HIMTP_G2cmH=DCL&RSG�JSD���`)M�B YmL�P_JSBKJd)S@CL&{_@IP_r
MTP_D�HIL ��GSL(� �uMSBE@FBicmHCD�MSB�P�)
D1)TPQXEBicmD YmLkXEPQHIBKJ/� * [�DFHIR�J�[ cnGS{2HIMSBzN2�ba d_BE@FDCcnL_G]L_^ HCMSB

malloc
^wRSGSX HIcmL&G/� cmH���P_D2JScnDFXEL>d&BK@CBEJ�HIMTPQH

malloc
X�P_YmYnDzHCMSB

sbrk
DF[ DFHCBEr X�P_YmYAcm^ cmHVGSBKBEJSDVHIL:X MTP_G�{&B

HIM�B�P_r�L&RSG�HbL_^�D1)TPQXEB P_YmYnL X�PQHCBEJ�^wL&@�HIMSB6X�P_YmYncnG�{;)�@CL XEBEDFD	� DOJTPQHIP
DCBK{&r�BEG�H �zN2�ba
malloc

PQYnDCL
RSDFBEDVP DFBKHOL_^�{_YnL&�TPQY dQP_@Fc P_��YnBEDuHIL �_BEB�)�HI@IPQX7��L_^AHCMSB.^w@FBEB.YmcnD�HzP_G�J�RSDCBKJ�YncnD�Hb^wL_@bHIM�B�r
BKr
L_@F[
RSDFBEJ���[�HCMSB�)S@CL&{_@IP_rO�
jkcnGSXKB�B�P_X M�YnL�P_J�BEJ )S@CL_{&@IP_r MTP_DVcmHCDOL �uG�MSB�P.)/�sHCMSBK[!MSP>d_B�HCL�MSP>d_B
HIM�BEcn@VL(�uG�DCBKH6L_^ HIMSBKDCB
dQP_@Fc P_��YnBEDicnG�L&@CJSBK@OHIL:r P_cmG�H P_cmG HIMSBKcn@VL(�uG�MSBEP�)�D`)TP_XKB�� l�8��,RSDFBED
P�r�LkJ�cmqTBKJ�d&BK@CDFcnL&G L_^)HCMSBeNV�ia

malloc
^wRSGSX HIcnL_G/���5H XEP_YnYmD2HCMSB]D�[kD�HIBKr�� D

sbrk
^wR�GSXKHCcnL&G#cZ^

HIM�B�l�8���GSBKBEJSDzHCL]B gG)TP_G�J�cmHIDbJTPQHIP DCBK{&r
BKG�H � �uMScmYnB2cmHiX�P_YmYnDuHIMSB�l�8��
mysbrk

^wRSGSX HIcmL&G cm^
HIM�BOYnL�P_J�BEJ,)S@CL_{&@IP_r�DxGSBKBEJeHIL Bhg�)SP_GSJeHIMSBKcn@xJTP H P DCBK{&r
BKG�HID���l�8��

mysbrk
^wRSGSX HIcmL&G���GSL(�uD

HIM�B]YnL X�PQHCcnL&G�L_^uBEP_X M YnL�PQJSBEJ )S@CL&{_@IP_r�� D6MSB�P.)/� liYmDCL J�c:$�BE@CBKG�H DCB HID�L_^u{_YnL&�TPQY�dQP_@Fc P_��YnBED6P_@FB
RSDFBEJ#^wL&@6B�P_X M YmL�P_JSBKJ#)S@CL_{&@IP_rO�:`)MSB�r
L JScZqTBEJ

malloc
^wRSGSX HIcnL_G#cnD2YncmG-�_BKJ �ucmHCM�HIMSB l�8��

PQHVXKL&r6)�cnYnB6HIcnr�B cnG�DFHIBEP_J!L_^ HIMSB
malloc

^wRSGSXKHCcnL&G!cmG!HCMSB�DCMTPQ@CBEJ�Yncm�S@IP_@�[%� Ufcn{&RS@FB;FG� �eDFMSL(�uD
HIM�B l�8�� �f`u? �fP_GSJ �'8�D.DCMTP_@FB HIM�B DIPQr
B
r
L JScmqSBEJ�N2�ba

malloc
^wR�GSXKHCcnL&G/����P_X M YnL&P_JSBEJ



F.B

)S@FL&{&@IPQr MTPQD cmHID.L �uG�MSBEP�)�D1)TPQXEBer PQGTP_{&BKr
BKG�H��!�5^bHCMSB�MSB�P.) D`)TP_XKB:cmD�GSL_H�Y P_@F{&B BKGSL&RS{&M �
l�8��,JScnD`)SY P�[ D2P,��P_@CG�cnGS{:r
BKDCDCP_{&B�cnGSJ�cnX�P HIcnG�{�L&R�H2L_^xM�B�P�)�D1)TPQXEB]PQGSJ�^wL_@CXEBKD2HCMSB�l�8��$HCL
P_YmYnL X�PQHCB�r
L_@CB�MSB�P.)�D`)TP_XEB.�]`)MSB;)SM�[ DCcnXEP_Y�r
BKr
L_@F[�YnP>[_L&R�H2L_^ HIMSB�YnL&P_JSBEJ )S@FL&{&@IPQr
D��ucZHIMScmG
HIM�Bbl�8�� cnD�DCMSL(�uG]cmG]Uocm{&RS@FB FG�-'s��l�8���P_YmYnL X�PQHCBEDAD`)TP_XEBbGSL_H L&GSYZ[�^wL&@�XEL JSB�� JTPQHIP��kP_GSJ D�H P_X7�
@CBK{&cnL_GSD2^wL_@2BEP_X M#YmL�P_JSBKJ )S@FL&{&@CP_r2�scmH6P_YmDCL�P_YnYmLkXEPQHIBKDVP�M�RS{&B�MSBEP�)#D1)SP_XEB�^wL&@OHIMSBKr2���\G�HIMScmD
��P>[:HIM�B.YnL&P_JSBEJ2)S@CL_{&@IP_r XEP_G Ymcmd&Bd�ucmHCMScnG:cmHCDbL(�uG�D`)TP_XEB.P_GSJ J�LkBKDiGSL_HiXEL&G�HCBEGSJ��ucZHIM�LQHIMSBK@
)S@FL&{&@IPQr�� D)r
BKr
L_@F[
D1)TP_XKB��

. . .

. . .

AME

TP

EM

.

..

. . .

. . .

. . .

. . .

malloc(...)

malloc(...)

malloc(...) GNU malloc,
modified to use

current program heap

malloc

Uocm{&RS@CB
Fs� � �Al�8��?�T`u? �WP_GSJ:�'8�D�DCMTPQ@CBOHIMSBVr�LkJ�cmqTBKJ�NV�ia
malloc

^wRSG�XKHIcmL&G/�

����� 	 
�� � � � � � �0��
��?� ���6�

`u? P_GSJ��'8�D�XEL B gkcnD�H cmG�HCMSB:DIP_r�BeP_JSJS@FBEDFD D1)SP_XEB.��`)MSB:`u?1��BKcnGS{�r�L&GScmHCL&@CBKJ XEL&R�YnJ )�L.@
HIBKG�HIc PQYnYm[!�WB]�SR�{&{_[%���5HID�@CP_GSJSL&r )WL&cnG�HIBK@CD�r�cn{_M�H
�u@CcZHIB
L d_BE@�HCMSB]r�BEr�L&@F[!D`)TP_XEBePQYnYnL X�P HIBEJ
^wL&@��'8�D�� �\G�L&@FJSBE@)HCL6)S@FBKd_BEG�Hz`u?�^w@FL&r HI@CP_DCM�cnGS{
�'8�DiPQGSJ�d cnXKBU@ d&BE@FDIP�� r�BEr�L&@F[ )S@CLQHIBEX HIcmL&G
�WBKH<� BEBEG�HIMSBKr X�P_G��WB cnr;)SYnBKr
BKG�HCBEJ�^wL&@zHCMSB�cnGSJSB�)�BKGSJSBKG�H2MSBEP�)�D1)TP_XKB P.)-)S@CL&P_X M/���\G�L_@CJSBK@



F %

code
data

stack

heap

code
data

stack

heap

code
data

stack

heap

code
data

stack

heap

Memory

TP

EMEM

MC

AME

AME heap region

code, data, stack region

Uocm{&RS@CB9FG�&' �u`)MSB�r�BEr�L&@F[:YnP>[_L&R�HiL_^AHIMSB.YnL�P_J�BEJ�)S@FL&{&@CP_r
D�cnG�HIMSB6l�8���RSDCcmGS{]cnG�JSB�)WBEGSJ�BEG�H
MSBEP�)�D`)TP_XKB.P�)�)S@CL�PQX M/�

HIL6JSL.DFL-� l�8�� YnL&P_JSD�HIMSB�`u?�P_GSJ��'8�D DFH PQ@FHIcmGS{6PQHxP
)TP_{&B��WL&RSGSJTPQ@F[%�A`)M�BiDF[ D�HIBEr�^wRSGSX HIcmL&G

mprotect
cmDiRSDFBEJ�HIL�X MTPQGS{&B.HCMSB P_XKXEBEDFDd)S@CL_HCBEX HIcnL_GSDzL&G�)SP_{&BEDiD1)WBEXEcZqTBEJ!��[ cZHID3)TP_@IPQr
B HIBE@FD��

��P_X M HCcnr�BuPQ^ HIBK@ HCMSBbr�L&GScZHIL&@AXKLkL_@CJScmGTPQHIL_@ 
Z8� ��HI@IPQGSDF^wBK@CD�XKL&G�HI@FL&Y �TP_X7� HIL2HIMSB�`u? � r
BKr
L_@F[
)TP_{_BEDx^wL&@ HIMSB
8� �P_GSJe�'8�DuPQ@CBzr
P�)-)WBEJ]HCL ��Bz@FB�P_JSP_�SYnBzP_GSJ�B gkBKXER�HIP_�SYnB.� jkcnr�cnYnP_@CYZ[%���WBK^wL&@FB
HIM�B�`u? {&cZd&BED�XEL_G�HC@CL&Y)HCL�HIM�B�8� g� r�BEr�L&@F[ )SP_{&BED�L_^zHCMSL&DFB�r�L&GScZHIL&@FD
PQ@CB:r P�)�)�BKJ HCL��WB
@CBEP_JTP_��YnB����u@FcmHIP_�SYnB.�AP_GSJ�Bhg�BKXER�HIP_�SYmB���jkcnGSXKB]r�BEr�L&@CcmBED6^wL_@ �'8�D�P_@CB XEL&G�HIcm{&RSL&R�D���L&GSYZ[�L&G�B

mprotect
^wRSGSX HIcmL&GecnDxGSBKBEJSBKJ�^wL&@�B�P_X M��'8 �T`)MSBVL>d&BE@CP_YnY cnr;)TP_XKH�L_^sHIMScmDxr
BKr
L_@F[6)S@CL_HCBEX HIcnL_G

L&G]HCMSBOB gkBEXKR�HIcmL&GeD1)WBEBKJ�JSB�)�BKGSJSDuR-)WL&G�HIMSBb^w@CBEv�RSBKGSXK[eLQ^fXKL&G�HIBhgkH�D �ucmHIX M�BEDu��B H<��BKBEGeHIMSBO`u?
P_GSJ��'8�D�PQGSJ�HCMSB�DCc��EB�L_^ HCMSB�r
BKr
L&@�[�HCMTPQH2GSBEBKJSD
)S@CL_HCBEX HIcnL_G/�*8:BEr�L&@F[!)�@CL_HCBEXKHCcnL&G�M�RS@FHCD
)WBE@F^wL_@Cr
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B gkBKXER�HIP_�SYnBVqTYmBzHIL�MSL&YmJeHCMSBV@Ccm{&M�HucnG�^wL&@Fr P HIcnL_G
^wL&@uP0)S@FLkXKBEDCD�� D3)S@CL_{&@IP_r cnr
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symbol table section

.  .  .  ."x" value

relocation section

type

offset

offset

type

type

.  .  .  .

.  .  .  .

.  .  .  .

addendindex

index addend

addendindex

storage units

text section

being modified

offset
relocation

symbol table
entry

entry
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the section the
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PLT entry

symbol

for printf

"printf"

symbol table section

table entry
for printf

symbol table section

"printf" .  .  .
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st_value

reserved for OS
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st_value
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�b3 
 3 

.stabstr

� � 
 �����  �� � 	�� ����� �

`)MSB
.stabstr

DFBEXKHCcnL&G�XEL&G�H PQcnGSD�HIMSB�DFHC@CcnG�{�qTBKYnJ�^wL_@�HCMSB�D�H P_�SD����5H
MSL&YmJSD�HIMSB�r
BEPQH LQ^zHIMSB
JSBK�SRS{&{&cmGS{�cnG�^wL_@Cr
PQHIcmL&G/�s`)MSB �SB gkcn�SYmBOGTPQHCRS@CBVL_^sHIMScmDxqTBEYmJ�cmDA�uMTPQH�r
P��_BKD�D�H P_��D�Bhg HIBEG�DCcn��YnB��

`)MSB�^wL_@Cr
PQH:L_^�HIM�B�DFHC@CcmGS{�qTBKYnJ,cmD�� P a�j L�� VUYcj;kU[�� ���sL7V �UT Q � X][cT XZY � L��<QSP \ [cT j;a�XZQh[cP�� �
P a�j LocnD�HIM�B�GSP_r
B)LQ^�HCMSBuDF[ r��WL&YT@CB�)S@CBKDCBEG�HCBEJ]��[ HIM�B�D�H P_� ���5H X�P_G���BuL&r�cmHFHIBKJ/���uMScmX M
r�B�P_G�D
HIM�B2D�H P_�:@CB�)S@CBKDCBKG�HCDzP_GeRSG�GTP_r�BEJ:L&� �FBEX H ��`)MSB0VUY.j;kU[�� ���sL7V �UT Q � X<[cT ^wL_YnYnL(�ucmGS{.HIM�B�� : �AcnDuP_G�P_Y @
)SMTPQ��B HIcnX�X MTP_@IPQXKHIBK@�HIMTP H�HIBKYnYnDfr
L_@CB�D`)�BKXEcZqTX�P_YmYm[
�uMTPQH ��cmGSJ L_^WDF[ r��WL&YkHCMSB)DFHIP_� @CB�)S@CBKDCBKG�HCD����5^
HIM�B2D�[ r���L_Y @\J�BEDCXK@Cc:)�HIL&@)cmD)L&r�cmHCHCBEJ/�k�SR�HuH\[s)�B2cnGk^wL&@Cr
PQHIcmL&G
^wL_YnYnL(�uD���HIMSBKG:HCMSBVDFHIP_��@FB�)S@FBEDFBEG�HID
P YnL X�P_Y dQP_@CcnP_�SYmB��AUTL&@)P YmcnDFHxL_^sDF[ r��WL&Y=JSBKDCXE@Fc4)�HCL&@CD��TDCBKB � j HIP_�T� " �Z� XZY � L��<QSP \ [cT j;a�XZQh[cP�cmDxBEcZHIMSBK@
P X Y � L��<P �Gj;kULUT ��L_@��:X Y � L��<P �sj;kULUT
	 �:� l X Y � L��<P �sj;kULUT�P_YnL_GSBecnD�P�H\[s)WB�@FBK^wBE@FBEGSXKB��u@CB ^wBE@F@CcnG�{
JScm@CBEX HIYZ[ HIL�P�H\[s)�BVHIMSPQHuMTP_D�P_Ym@CB�PQJ�[]�WBEBKG�JSB qTGSBEJ �

`)MSB��:XZY � L��<P �sj;kULUT�	 � ^wL&@Fr cmD P�H\[s)�B�J�BKqTGScZHIcmL&G/� �uMSBK@CB]HCMSB�G�RSr��WBE@�@FB�)S@FBEDCBKG�HID�P
GSBU��H\[G)WB �uM�cnX M�cmD�P_��L_R�HbHCL
�WB2JSBKqTG�BEJ/�u`)MSB2H\[G)WB.J�BKqTGScZHIcmL&Ger P�[e@CB ^wBE@uHIL
L_HIMSBK@�H\[s)WBEDb��[
G�RSr��WBE@���P_GSJ�HCMSL&DCB H\[G)WBxG�RSr��WBE@FD�r
P>[2�WB�^wL&YmYnL(��BKJ.��[
��� �&PQGSJ�GSBKDFHIBKJ�JSBKqTG�cmHIcmL&GSD��f�\G�PbH\[s)WB
JSB qTGScmHCcnL&G � cm^�HCMSB�X MTP_@CP_XKHCBE@OHIMSPQHz^wL&YmYnL(�uDbHCMSB BEv�RTP_YoDCcn{_G�cnDzGSL_GG@\G�RSr�BE@FcnX��WHIMSBKG!cmHOcmDOP�XZY � L��



"&�

�sL7V �UT Q � X][cT � P_GSJ�HIBKYnYmD��uMTPQH�� cmGSJ�L_^ H\[s)WBicnD�PQ��L&RkH HCL6�WB�JSBKqTG�BEJ/�AlbG�[�L_HCMSBE@AdQP_YmRSBED�^wL&YnYmL(�ucnGS{
HIM�B6H\[s)�B @\JSBKDCXK@Cc4)kHIL&@idQP_@�[%��JSB�)WBEGSJ�cnGS{]L_G�HIMSB2H\[s)�B @\JSBKDCXE@Fc4)�HCL&@��i`)MSB�YncmDFH�L_^AH\[s)WBU@\J�BEDCXK@Cc:)�HIL&@FD
cnDuPQYnDCL�P�dQP_cnYnP_�SYmBicnG � j H PQ�T� " �Z�

`)MScmD2D�HI@FcnGS{eqTBEYmJ�{_cmd&BKDOHIMSB�H\[s)�B�cnG�^wL_@Cr
PQHIcmL&G�^wL&@VP_YmY�HIMSB dQP_@Fc P_�SYmBEDOcmG�P,)S@FL&{&@IPQr2�
yzRSB�HCLeHCMSB GSBKDFHIBKJ�GTP HIRS@FB L_^ H\[s)WB�JSBKqTG�cmHIcmL&GSD��=HIMSB D�HI@CcmGS{�qTBEYmJ!X�P_G!�WB v R�cmHIB XKL&r;)SYncmX�PQHCBEJ/�
l/DFcnr;)SYncZqTBEJ�{&@IPQr
r
P_@)^wL&@�JSBEXKLkJScmGS{ HCMSB�DFHC@CcmGS{ qTBKYnJ�^wL&@iP� )S@FL&{&@IPQr cmDg)S@FBEDFBEG�HIBKJ�cmG�lg)s@
)WBEGSJSc g *g��l�8�� RSDFBED�HCMScnD {&@IPQr
r
P_@�HIL6�SRScmYnJ cZHID�L(�uG]DF[ r��WL&Y H P_��YnBu^wL&@ dQP_@Fc P_��YnBED�cmG�HCMSBi`u? �
�uMScmX M�XKL&G�H P_cmGSD)HIMSBOH\[s)�BVcmG�^wL&@Cr
PQHCcnL&G ^wL_@xHIMSBKr2�

`)MSB6{&@IP_r�r
P_@uP_JSL%)kHIBEJ���[:HCMSB NV�ia  �XKL&r6)�cnYnBK@)@CB�)S@CBKDCBEG�HCDzHIMSB2@CRSYmBED�L_^AJSB qTGScmGS{
JSc $ BK@CBEG�HbH\[G)WBEDOcmG! g��` [s)WBEDOX�PQG ��B.X�PQHCBE{&L&@Fc��KBEJ cmG�HCL �SR�cnYmHCcnGeH\[s)�BKD��=DFRS�S@IPQGS{&B�H\[s)�BKD��pPQ@C@IP�[
H\[s)�BKD�� DFHC@CRSX HIRS@FBVL&@)RSGScmL&G]H\[s)�BKD�� BEG�RSr�BE@CPQHIcmL&G�H\[G)WBED�� P_GSJ�^wRSGSX HIcmL&G�H\[G)WBED�� * BEYnL(�$P_@CBODFL&r�B
B g�P_r;)SYmBEDuDCMSL(�ucmGS{0�uMTPQHuHIMSBVD�HI@CcmGS{ qTBEYmJeYnL L%��D)Ync4�QBz^wL&@)DCcmr6)�YnBiH\[s)WB6JSB qTGScZHIcnL_GSD��
`)MSBVqT@CD�H�B g�P_r;)SYnBOcmDx^wL&@)JSBKqSGScnGS{��SR�cnYmHCcnG]H\[s)WBED 


int, char, void, float
� LUX �
�
� �

int:t1=r1; � 2147483648;2147483647;
char:t2=r2;0;127;
...
signed char:t10=r1; � 128;127;
unsigned char:t11=r1;0;255;
float:t12=r1;4;0;
double:t13=r1;8;0;
void:t19=19
...

`)MSBVDF[ r��WL&Y @\JSBKDCXE@Fc4)�HCL&@ �
t
�k^wL&YnYmL �ucmGS{ �

:
�AcmGSJScmX�PQHCBED�HCMTPQHucmHxcnD){&cZdkcmGS{ P�H\[s)�B2P�GTPQr
B.�

�\G�HCMSB]P_�WL>d&B
X�P_DFB��AcmH2JSB qTGSBKD�H\[G)WB
1
cnD

int
P_GSJ�H\[s)WB

2
cmD

char
�:`)MSBeNV�ia � D� /XEL&r;)ScnYmBE@

RSDFBEDeDCRS��@IP_GS{_BEDeL_^2HIMSBKr
DFBEYmd_BED�HIL J�BKqTGSB�HC@IP_JScZHIcmL&GTP_YucnG�HCBE{&BK@]H\[G)WBED 
WL
�
�
�
�

int
P_GSJ

char
�U�

UTL&@�DCRS��@IP_GS{_B�H\[s)�BKD��ucmH�RSDFBED �
r
� H\[s)WBU@\J�BEDCXK@Cc:)�HIL&@�HIL�cnGSJScmX�PQHCBecmH�cnD�P�DFRS�S@CP_GS{&B�L_^VP_GSLQHIMSBK@

H\[s)�B.��` [s)WBU@5JSBEDFXE@Cc:)�HIL_@ �
r
�ocnD2^wL&YnYmL(��BKJ#��[�H\[s)WB�cnG�^wL&@Fr P HIcnL_G!^wL_@6HIM�B H\[s)�B]LQ^ �uM�cnX M cmH6cnD.P

DCR��S@IP_G�{&B��fP�DCBEr�cnXKL&YnL_G/� P_G!cnG�HIBK{&@IPQY�YnL(� BE@V��L_RSGSJ/�sPeDCBEr�cnXKL&YnL_G/�pP_G!cnG�HCBE{&@CP_Y�R-)-)WBE@2�WL&RSGSJ/�
P_GSJ�P�DFBEr�cnXEL_YnL&G/�]N  ? P_YnDFL�RSDFBED.DFRS�S@CP_GS{&BKD.L_^

int
HIL�JSBEDFXE@Fcn�WB
L_HCMSBE@6�SRScmYmHIcmG H\[s)�BKD 
7L

�
�
�
�



BDC

unsigned char, signed char, float
� LUX �
�
� �i�5^AHCMSB.R-)�)�BK@z��L_RSGSJ L_^AP DCRS��@IP_GS{_B�cnD

0
P_GSJ HCMSB

YnL(� BE@6��L&R�GSJ#cnD
)WL&DCcZHIcmd_B��sHIMScmD6cmGSJScnXEPQHIBKD6HCMSB
H\[s)WB cnD.P �TL&PQHIcmGS{2)WL&cmG�H2H\[s)�B.��P_GSJ�HCMSB YmL(��BK@
�WL&RSGSJ�L_^�HCMSB
DFRS�S@CP_GS{&BKD�cnGSJ�cnX�P HIBEDOHCMSB
G�RSr.��BK@6L_^���[ HCBED�cmG�HCMSB�H\[G)WB 
WL

�
�
�
�

float, double
�

LUX �
�
��PQD�DFMSL(�uG�cmGeHCMSB2P_�WL d_BVB g�P_r;)SYnB.�

`)MSB2DCBKXEL&GSJ:B g�P_r;)SYmBOcnD)^wL&@)JSB qTGScnG�{
PQ@C@IP�[]H\[s)WBED���UTL&@xBhg�P_r6)�YnB��SHCMSBVJSBKqSGScmHCcnL&G �

char char vec[3] =
�
’a’, ’b’, ’c’

�
;

)S@FLkJSR�XEBEDuHIM�B2L_R�HW)SRkH �

char vec:G19=ar1;0;2;2

`)MSBOD�[kr.��L&Y @\JSBKDCXK@Cc4)kHIL&@ �
G
� ^wL&YnYmL(�ucnGS{
�

:
�AcnGSJ�cnX�P HIBED HIMTPQH

char vec
cnDxP�{&YnL&�SP_Y�dQP_@Fc @

P_�SYmB��bli@C@CP�[�H\[s)WBEDzRSDFB�HIMSB
�
a
��H\[s)�B @\JSBKDCXK@Cc4)kHIL&@��VU L_YnYnL(�ucmGS{ HIMSB.H\[s)WBU@5JSBEDFXE@Cc:)�HIL_@zcnDuHIMSB6H\[G)WB

L_^AHCMSB.cmGSJSB g P_GSJ�HIMSB.H\[s)WB�L_^AHCMSB�P_@F@IP�[�BEYnBKr
BKG�HID��b�\G HIMSB�P_��L>d_B�B g�P_r;)SYnB.�WHCMSB.H\[s)WB�L_^AHIM�B
cnG�JSB gecmDx@CB�)S@CBKDCBKG�HCBEJ ��[��

r1;0;2;
� ���5H�JSBKqTG�BEDuHIMSBOcmGSJSB g]H\[G)WB��uMScnX M:cnDuP DFRS�S@IPQGS{&BVL_^ H\[s)�B

1

 cmG�HIBE{_BE@�� �s�ucZHIM
P6YmL � BE@ ��L_RSGSJ LQ^

0
P_G�J]P_G
R-)-)WBE@��WL&RSG�J L_^

2
�A`)M�cnD JSBKqTG�BED�HCMSBbdQP_YmcnJ�@IP_G�{&B

L_^pDFRS�SDFXE@Cc:)�HID L_^ PVHIMS@FBEBU@5BEYmBEr�BEG�H  �PQ@C@IP�[��A`)MSBbH\[s)WBiL_^=HCMSBzPQ@C@IP�[�BKYnBEr�BEG�HCD�cnD�H\[s)�B
2

wX MTP_@�� �

UTL&@)JSB qTGScnG�{�r�L&@FBOXEL&r;)SYncmX�PQHCBEJ]H\[s)WBED�� )SYmB�P_DFBV@CBK^wBK@)HIL HIMSBV@FBK^wBE@FBEGSXKB � j HIP_�T� " �Z�

�b3 
 3	�
.stab

� � 
 � ���  �! � 	�������� �

`)MSB
.stab

DCBEX HIcmL&G�BKGSXEL JSBEDVHIM�B
D�HI@CR�XKHIR�@CB LQ^ HCMSB6)�@CL&{&@CP_rO��`)M�B
BKYnBEr�BEG�HCD6L_^ HIMSB�)S@FL&{&@CP_r
DFHC@CRSX HIRS@FBbcZH BEGSXKLkJSBKD cmGSXEYmRSJSB)HIM�B�GSP_r
BKD�L_^ ^wRSG�XKHIcmL&GSD���HCMSB )TP_@IPQr
B HIBE@AcmG�^wL&@Fr PQHCcnL&G.L_^pPO^wRSGSX @
HIcmL&G/�k{&YnL&�SP_Yh��YnL X�PQYh�kP_GSJeDFHIPQHIcmXidQP_@CcnP_�SYnBKD�� HIMSBOYmcnGSBbG R�r���BK@)cnG�^wL_@Cr
PQHIcmL&G/� P_GSJ�HIM�BO��BK{&cnGSG�cnGS{&D
P_GSJ
BEGSJ�D L_^=P6DFXEL%)WB���yzBKXEL JScnGS{VL_^�HIMScmD�DCBEX HIcmL&G {&cZd&BKD��'8 �u@FcmHCBE@CD PVJSBKHIP_cnYmBEJ�DFHC@CRSX HIRS@CP_YWd cmB��
L_^oP `u? �

`)MSBV^wL&@Cr
PQH)LQ^�P_GeBKG�HC@F[�^wL&@xHCMScnD)DFBEX HIcnL_G�cmDuP_D)^wL&YnYmL �uD��

struct internal stab
�

long stab strx; /* index into string table of name */



BS�

unsigned char stab type; /* type of symbol */
char stab other; /* misc info ( usually empty ) */
short stab desc; /* description field */
unsigned long stab value; /* value of symbol */�

;

`)MSB
stab strx

qTBKYnJ�M�L&YnJSD HCMSB�L.$ DFBKH
cnG���[ HCBED
L_^iHCMSB�D�HI@FcnGS{ �ucmHCMScnG HIM�B
.stabstr

DCBKXKHCcnL&G/�f`)MSB
stab type

qTBEYmJ.D1)WBEXKcmqTBKDAJSc:$�BE@FBEG�HoH\[s)WBED�LQ^THIMSB DFH PQ�/��`)MSB�^wR�YnY�YncmDFHfL_^TDFHIP_��H\[s)�BKD
X�PQG��WB�^wL&R�GSJ�cmG � j HIP_�T� " �Z� �\G�r
L_DFH2X�P_DFBED��fHIM�B

stab desc
qTBEYmJ�XEL_G�HIP_cnG�DVHCMSB�YncnG�B�G�RSr.��BK@

cnGk^wL&@Cr
PQHIcmL&G ^wL&@)^wRSG�XKHIcmL&GSDuL&@)dQP_@CcnP_�SYmBED���`)MSB
stab value

qTBEYmJ�XKL&G�H P_cmGSD)HIMSB2L�$�DCB Hb^w@FL&r HIM�B
^w@IPQr
B?)WL&cnG�HCBE@�L_^pPO^wRSGSX HIcmL&G�^wL_@ PQR�HIL&r
PQHCcnX�dQP_@Fc P_�SYmBED P_GSJ;)TP_@CP_r�BKHIBK@CD�L_^�HIMTPQH�^wRSG�XKHIcmL&G/���5H cmD
GSBK{�PQHIcZd&Bz^wL&@xP_R�HIL_r PQHCcnX�d_PQ@Cc PQ�SYnBKDxP_GSJ,)WL&DCcZHIcZd&Bi^wL&@p)TP_@IPQr
B HIBE@FD��A�5HuXEP_GeXEL&G�H PQcnG]HIM�B2G�RSr.��BK@
L_^�HIMSB�@CBK{&cnD�HIBE@ �uMSBK@CBuHIMSBudQP_@CcnP_�SYmB)JTPQH P��ucnYmYS�WB�D�HIL&@FBEJ�^wL&@�@CBE{_cnDFHCBE@AdQP_@CcnP_�SYmBED�� *�R�H�^wL&@�{&YmL&�TP_Y
P_GSJeD�H PQHCcnXzdQP_@CcnP_�SYmBED HCMScnDxqSBEYnJeXKL&G�H P_cmGSD)RSDCBKYnBKDCDucnG�^wL_@Cr
PQHIcmL&G/��DCcmGSXEBOcZH)GSBEBKJSDuHIL �WB2@FBEYmLkXEPQHIBKJ
cnG:�+= Up�

Uocm{&RS@CB
B-�Z��DCM�L �uDzHCMSB�YnP>[_L&R�HiL_^AHIMSB
.stab

DCBKXKHCcnL&G ^wL&@�HIMSB )S@CL_{&@IP_r DCM�L �uG�L_G HIMSB
@Ccm{&M�HsDCcnJ�B��s`)MSB D�H P_�6@CB�)S@CBKDCBEG�HCcnGS{iP )S@FLkXKBEJSR�@CB�GSP_r
B�cmDpJScn@FBEXKHCYm[z^wL_YnYnL(� BEJ2��[2P�{&@FL&R-)2L_^SLQHIMSBK@
DFHIP_�SD)JSBKDCXK@Ccn��cnGS{�HCMSB�)S@CL XEBKJSRS@FB � D )SP_@IP_r�BKHCBE@FD��ScZHIDxYmLkXEP_Y�dQP_@Fc P_�SYmBED���P_G�J:cZHIDx��YnL X7�
D�HI@CR�XKHIR�@CBED��

liD�DCMSL(�uGecnG HCMSBOUocm{&RS@FBgB-�Z�%��HIMSB�)�@CL&{&@CP_r�� D �SYnL X7�
D�HI@FRSXKHCRS@CBOcmD�@CB�)S@CBKDCBKG�HCBEJ:��[ HIM�B
DFHIP_@FH 
wYnBK^ H�XKRS@CYZ[ �S@CP_XEB ��PQGSJ�BKGSJ 
w@Ccm{&M�H�XERS@FYm[ �S@CP_XEB ��DFH PQ� H\[s)WBED���`)MSBed_PQ@Cc PQ�SYnBKD JSBKqTG�BEJ
cnG�DCcnJ�BuPV��YnL X7��)S@CBKXEBKJSB�HCMSBuDFHIP_@FH�D�H P_��H\[s)�Bu^wL&@�HIM�B�N  ? �XEL&r;)ScnYmBE@��f`)MSB�DFHIP_@FH PQGSJ
BKGSJ�DFH PQ�SD
HIMSPQH�JSBKDCXK@Ccn�WBxHIM�Bx�SYnL X7�VDCXKL%)�B�L_^�Pg)S@CL XEBKJSRS@FB)P_@CB�YnL X�PQHCBEJ PQ^ HCBE@sHIMSB�^wR�GSXKHCcnL&G�GSP_r
B DFHIP_��HIMTP H
@CB�)S@CBKDCBKG�HCD6HCMSB�)S@CL XEBKJSRS@CB�cmHCDCBKYm^]� `)MSB dQP_YnR�B�qTBEYmJ�L_^ HIM�B�D�H P_@�H6P_GSJ�BEGSJ�DFHIP_�SD2D1)WBEXEcZqTBEDVHIM�B
DFHIP_@FHbP_G�J�BKGSJ�PQJSJS@CBKDCD�L_^sHIMTPQH�XKLkJSBV�SYmLkX7� �T@FBED1)WBEX HIcZd&BEYZ[%� `)MSBK[:PQ@CBV@CBKY PQHCcmd&BzHCL HIMSBO^wRSGSX HIcmL&G
cnG��uMScmX M:HCMSBK[]LkXKXERS@��

`)MSB6YncnG�BOG R�r���BK@bcmG�^wL&@Fr PQHCcnL&G�D�H P_��DbYmLkXEPQHIBKJ�cmG��WBKH<� BEBKG HIMSB2DFHIP_�SD�JSBEDFXE@Ccm�ScnG�{
HIM�B
^wRSGSX HIcmL&G � D;)SP_@IP_r�BKHCBE@�P_GSJ HIMSBe^wRSGSX HIcmL&G � D�YmLkXEP_Y�dQP_@Fc P_�SYmBED���`)MSB

stab desc
qSBEYnJ XEL_G�HIP_cnG�D

HIM�B6YmcnGSBOG�RSr��WBE@bP_GSJ:HIMSB
stab value

qTBEYmJ�XKL&G�H P_cmGSDuHIMSB2XEL JSB6P_JSJS@FBEDCDu^wL&@)HIM�B6D�H P_@�HiL_^fHIMTP H
DCL_RS@CXKB6YmcnGSB.���\G:HCMSB2�+=sU��ScmHucmD)@CBEYnPQHIcZd&BzHCL�HCMSBVDFHIP_@FH�L_^sHIMSBO^wRSG�XKHIcmL&G/�



BbF

Path and name of the
source file

line number information
for this function

this function

main ()

End of the lexical block 1

for function   main ()

function 
End of the lexical block for

local vars defined in block 1

Start of the lexical block 1

Start of the lexical block

local variables for 

Function Name

entries for builtin types
and typedef vars in the 
include files

Function’s Parameters

( main )

(both in Data and BSS segs.)

file scope variables

{
char ** argv;

int argc;

void  main ( argc, argv)

char c[5];
int i;

........

{
     int k;
     float r;
     

.........

}

int  a, b;

   */
  *   filename.c
/*

printf("inside block 1");
     .........
}

printf("outside block 1");

[

[

[

block 1

Uocn{_RS@CB�B-�Z� �Al�DCP_r6)�YnBOY P�[_L&R�HuL_^fHIMSB
.stab
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typedef struct
�

struct ctype *type;
void * addr;�

Desc;
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type
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HIM�cnD?)WL&cnG�HIBK@xHIL�B g HC@IP_X H�H\[s)WBVcnG�^wL&@Fr P HIcnL_G
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addr
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main()
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f1()
�A�\G�DCcnJ�B

f1()
�kcmH X�PQYnYnD
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f2()
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f2()
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cnG�HCBE@CBKDFH��A`)MSBEDFBODCBE@�d cnXEB�^wRSGSX HIcnL_GSD�RSDFBzDCB d&BK@IP_Y�{&YnL&�SP_YTd_PQ@Cc PQ�SYnBKD cmG�HIBE@FGTP_YmYm[ HIL2HI@CP_X7� HIMSBzD�H P_X7�
^w@IPQr
B�HCMTPQH2cnDVXER�@C@CBKG�HIYm[!�WBEcmGS{edkcmDCcZHIBEJ � �'8 PQR�HIMSL_@CDVX�P_G�cnGSD`)�BKXKHVHIM�B
XKRS@C@FBEG�H.D�H P_X7��^w@CP_r
B
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�'8�DxMTP�d_BODCBKd_BE@CP_Y {&YmL&�TP_Y JSBKDCXK@Cc4)kHIL&@FD	�
Params

�
Locals

�
Local Statics

�
Globals

��P_GSJ
Stat-

ics
�o`)M�BEDCBuJSBKDCXK@Cc4)kHIL&@FD�P_@CBxR�DCBEJ�JScm@CBKXKHIYZ[.��[���8 PQR�HIMSL_@CD�HILi{&BKHAMSP_GSJSYmBED�^wL&@sHIMSB?)TPQ@IP_r�BKHCBE@CD��

YnL X�PQYsdQP_@Fc P_�SYmBED��pP_GSJ�D�H PQHCcnX�dQP_@CcnP_�SYmBEDb^wL_@iHIMSB�^wR�GSXKHCcnL&G��WBEcmGS{]d cnDCcZHIBKJ/�={&YmL&�TP_Y dQP_@CcnP_�SYnBKD��pPQGSJ
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growth
Stack

Stack frame

. . . . . .

Stack frame

for f2()

Stack frame

. . . . . .

    for main()

Stack

ret. addr. for f1()

ret. addr. for f2()

   for f1()

void main(int argc, char *argv[ ])
{

int  x = 9;
.......

void f1(int i)
{
   int x;

   ......
}

void f2()
{

   

int x ;

........

x  =  5;

........

}

   x = 7;

   f2();

   ......

f1 (x);
.......

}

generates event
control transferred

to EM

current PC, SP

give EM the 

x  : 5

x  : 7

x :  9

pointer
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struct
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type
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YmBKd_BEY JSBEB�)�BK@2HCMTP_G�HCMSB�d_PQ@Cc PQ�SYnBKD2J�BEXEYnP_@CBKJ
L&R�HCDCcmJSB��f`)MSBxDCXKL%)WB)cnD�PbXEL&GSXKB�)�HCRTP_Y HIBE@Fr ^wL_@oJScmDFHIcmGS{&RScmDCMScmGS{uHIMSB�d cmDCcn��cnYncZH\[OL_^SdQP_@Fc P_��YnBEDfcnGSDFcnJSB
L&GSB�qTYnB
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 L_@
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DCB d&BK@IP_Y=DFXEL%)WBED��ucmHIM�cnG�B�P_X M]^wRSG�XKHIcmL&G�P_G�J�P_YnYSHCMSBzYmLkXEP_YSdQP_@CcnP_�SYnBKD J�BEXEYnP_@CBKJ]cnG
B�P_X M�DFXEL%)WB3�ucmYnY
�WB.DFHCL&@CBKJ cnGeHIM�B.DFHIP_X7�e^w@IP_r�BVcm^�HCMSBK[�P_@FB�P_Ymcmd&B.�)`)MSB

Locals
@CB�)S@CBKDCBEG�HCDzHIMSB6YnL X�P_Y=dQP_@Fc P_�SYmBED
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void fun()
{
    int  x, y, z;

   .........
   
   {

  

int a, b, c;
 .........
 {

}
........

}

{
    char c, d;
    ........
}
.........

}

     int a, m, n;
a  = 9 ;

     ........
event generated

control transfered
to EM at this point

block 2

block 4

block  3

block 1

Uocm{&RS@CBgB-�&" �AliG:B g�P_r;)SYnB
 ^wRSGSXKHCcnL&G��ucZHIMeDCB d&BE@CP_Ys�SYnL X7� D�HI@CR�XKHIR�@CBED�JSB qTGSBEJ�cnGSDFcnJSBOcZH �

P_DFDCcn{_GSr
BKG�H
a = 9

�
Locals

cmG��'8 @FBK^wBE@FDbHCL�HCMSB6dQP_@Fc P_�SYmBEDuJSBKXEY PQ@CBEJ�cnGSDFcnJSB2�SYmLkX7� "�� *�YnL X7�OF
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*�YmLkX7��F2P_GSJ
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dQP_@CcnP_�SYmBEDiJ�BEXEYnP_@CBKJ�cnGSDFcnJSB.�SYnL X7��Fs�=DCcmGSXEB�HCMSB�DCXKL%)WB�P_DCDFLkXKc PQHCBEJ!�ucmHCM �SYnL X7� B�cmDiL&RkHIDCcmJSB�HIM�B
DCXKL%)WB2LQ^o�SYmLkX7��FG�
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{&@CP_r2�=��8:D2r.RSDFHV�WB�P_�SYnB6HIL�HI@CP>d_BE@FDCB HIMSB�`u? � D2D�H P_X7� � `)MSBK@CB
P_@CB�H<� L�^wRSGSX HIcnL_GSD�)S@CL>d cnJ�BEJ
^wL&@ur�L d cmGS{ HIMSB2cnG�HIBK@CGTPQY=^w@IP_r�Bd)�L&cmG�HIBE@�P_G�J )S@FL&{&@IPQr XEL&R�G�HCBE@uHIMTP H3�QBEB�) HI@IPQX7��L_^oHCMSB6D�H P_X7�
^w@IPQr
BO�WBEcmGS{ dkcmDCcZHIBEJ �

� int UpStack();
`)MScmD)^wRSGSXKHCcnL&Ger�L>d&BEDuHIM�B6�'8 � DudkcmB��$L_^fHCMSBV`u? DFHIP_X7� �FR-)���HIL HCMSBd)S@CB dkcmL&RSD)^wRSGSX HIcmL&G
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XEP_YnY � DVDFHIP_X7��^w@IP_r�B�� �5H.@FBKHIR�@CGSD
1
R-)WL&G�DFRSXEXKBEDCD��AL&@

0
cm^ HIMSB
XERS@F@CBEG�H6^w@IP_r�B�cnD2L&G�HCMSB

`u? � Dbr
P_cnG 
 � ^wRSG�XKHIcmL&G/�

� int DownStack();
`)MScmD6^wRSG�XKHIcmL&G#r�L>d&BED.�'8 � D�d cmB���L_^)HCMSB `u?�DFHIP_X7� ��JSL(�uG���L&GSB
DFH PQX7��^w@CP_r
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1
R-)WL&G�DFRSXEXKBEDFD��=L&@

0
cm^fHIMSB6XERS@F@CBKG�Hi^w@IP_r�BVcnD�L&G�HCMSB6^w@CP_r
Bd�uMSBK@CB6HCMSB.`u? ��P_D
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� Desc EvVar(char *name);
NOcmd_BEG�HIMSB GSP_r
B.L_^xP dQP_@Fc P_��YnB��WHIMScmDz^wRSGSX HIcnL_G qT@CD�HVYnL L%��DzR-)!HIMSB D�[kr.��L&YocnG HIM�B YnL X�P_Y
D�[kr.��L&Y H P_�SYmB ^wL&@.HCMSBeXERS@F@CBKG�H�D�H P_X7��^w@CP_r�B]cnG#HCMSB�DCXKL%)�B�cmGSJScmX�PQHCBEJ ��[#HIM�B�)S@CL&{_@IP_r
XKL&RSG�HIBK@����5^ucmH.cnD2GSL_H�^wL_RSGSJ/�oHCMSB]YmLkXEP_Y�DF[ r��WL&Y HIP_�SYnBKD6HCMTPQH PQ@CB HCMSB]JScm@CBEX H P_G�XEBED�HIL&@FD
L_^)HCMSB XKRS@C@FBEG�H�DCXKL%)WB�P_@CB
DCBEP_@CX MSBKJ�cnG#DFBEv�RSBEG�XEB��!�5^ucZH.cmD.DFHCcnYmY G�L_H.^wL&R�GSJ/��HIM�B {&YmL&�TP_Y
D�[kr.��L&Y)HIP_�SYnBecmD�DFB�P_@FX MSBEJ � `)MScnD�^wRSGSX HIcnL_G�@FBKHIR�@CGSD
P�J�BEDCXK@Cc:)�HIL&@��ucmHCM HCMSBeH\[G)WB PQGSJ
P_J�JS@CBKDCD �uMSBE@FBVHCMScnD)dQP_@Fc P_�SYmBicmD)DFHIL_@CBEJ:cnGer�BEr�L&@F[��A�5^fHCMSBVDF[ r��WL&YpcnD)G�L_H)^wL&RSGSJ:cnGePQG�[
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addr
P_GSJ

type
qSBEYnJ�D��WBEcmGS{
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cnGSJ�cnX�P HIcnG�{ P_GeBE@F@CL&@��
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JSBKDCXE@Fc4)�HCL&@2X�P_G#BKcmHCMSBE@2��B
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Locals

�
Params

�
Local Statics

�

Globals
�

Statics
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XEL&r;)WL&GSBEG�H
cnG�^wL_@Cr
PQHIcmL&G�^w@CL_r P
JSBKDCXE@Fc4)�HCL&@��

� int EvNum(Desc var);
`)MScmD)^wRSGSXKHCcnL&Ge@FBKHIR�@CGSD)HIM�B2G�RSr.��BK@�LQ^oXKL&r6)WL&GSBKG�HIDuJSBEDFXE@Fcn�WBEJ���[]HCMSBVJSBEDFXE@Fc4)�HCL&@

var
�

� Desc EvElem(Desc var, int i);
`)MScmDs^wR�GSXKHCcnL&G6@CBKHCRS@CG�DAPbJSBKDCXK@Cc4)kHIL&@s^wL&@pHIMSB cmHIM6XEL&r;)WL&GSBEG�HfJSBEDFXE@Fcn�WBEJ ��[VHIMSB JSBEDFXE@Cc:)�HIL_@

var
�

� char *EvName(Desc var, int i);
`)MScmDz^wRSGSX HIcnL_G�@CBKHCRS@CG�DzHIMSB�GTP_r�B�L_^�HCMSB cmHCM�XEL&r;)�L_GSBEG�HVJSBKDCXE@Fcn�WBEJ!��[ HIM�B JSBEDFXE@Cc:)�HIL_@

var
�

UTL&@xBhgSPQr6)SYmB��SR�DCcnG�{�HIMSBVcnr;)SYmcnXEcZH DFHI@FRSXKHCRS@CBKD�P_D)HIMSB�)TPQ@IP_r�BKHCBE@�^wL&@xHCMSBVP_�WL>d&BO^wRSGSX @
HIcmL&GSD��

int i;
Desc temp;
char *name;
/*
* get the number of local variables for the current scope
*/

i = EvNum(Locals);
/*
* get the 2nd parameter for the current function
*/

temp = EvElem(Params, 2);
/*
* get the name for the 2nd global variable
*/

name = EvName(Globals, 2);
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�\G�P_JSJScZHIcnL_G HIL cnr;)SYncmXEcmH
DFHC@CRSX HIRS@FBED��6P JSBKDCXK@Cc4)kHIL&@eX�PQG$@CB�)S@CBKDCBKG�H�P_G�L&@CJ�cnGTP_@�[  
dQP_YnR�B�P_GSJ!cmHCDzH\[G)WB�� �\G�HCMSB�P_��L>d_B�Bhg�P_r6)�YnB��

temp
�uMScmX M�@FBKHC@CcnB d&BKD2HCMSB;FQGSJ )TP_@CP_r
B HIBK@i^wL&@

HIM�B.XER�@C@CBKG�Hi^wRSGSX HIcmL&G�r
P�[e��B.P
DFHC@CRSX HIRS@FB.cZHIDCBKYm^]�)`)MSB.P_�WL d_B6^wRSG�XKHIcmL&GSD�X�P_G P_YnDFL
�WB.RSDFBEJ�HCL
B g HC@IP_X HbDFcnr�cnYnP_@�cmG�^wL&@Cr
PQHCcnL&G�^w@CL&r P_G�L_@CJScmGTP_@F[� �dQP_YmRSB��A`)MSBVXKLkJSBVDCP_r6)�YnB�� L&RSYnJe�WB �

int i;
Desc d;
Desc temp;
char *string;
/*
* extracts the 2nd parameter, which is a structure, and places it in
* the descriptor temp.
*/

temp = EvElem(Params, 2);
/*
* i contains the number of fields of the structure.
*/

i = EvNum(temp);
/*
* d holds the descriptor for the 2nd field of the structure
*/

d = EvElem(temp,2);
/*
* string gets the name of the 3rd field of the structure
*/

string = EvName(temp,3);

`)MSB!P_�WL>d&B HCMS@CBKB�^wRSGSX HIcnL_GSD]BEGSP_�SYnB ��8:D]HIL�P_XKXEBEDFD]dQP_@CcnP_�SYnB�cnG�^wL_@Cr
PQHIcmL&G�cnG HIM�B
XER�@C@CBKG�H
D�H P_X7�#^w@CP_r�B]L_^uHIMSB,)S@FL&{&@CP_r cmGSJScnXEPQHIBKJ ��[#HIMSB�cmG�HIBE@FGTP_Y�^w@CP_r�B�)�L&cmG�HIBE@6d_PQYnRSB.�#�\G
DCL_r
BzXEP_DCBKD��THIM�BV��8��u@FcmHIBK@p� L&RSYnJeGSBKBEJ�HIL�P_XKXEBKDCD�P.dQP_@CcnP_�SYnB�HIMTP H)cnD)MScmJSJSBKG���[ HIMSBOXKRS@C@FBEG�H
DCXKL%)WB��!liD PQG#B g�P_r;)SYnB DCMSL(�uG�cnG Ufcn{&RS@FB6B��&"����uM�BEG#HIM�B]H P_@F{&BKH9)S@CL&{_@IP_r {&cZd&BED.XEL&G�HI@FL&Y HCL
�'8 � �'8 �xPQG�HCD HCL�P_XKXEBKDCD HCMSBud_PQ@Cc PQ�SYnB

a
�uMScnX M
cnD�JSBEXKY P_@FBEJ
cnG��SYnL X7�;FG��`)M�B�^wRSG�XKHIcmL&G �

Desc

WhereIs(char *name, int i);
@CBKHCRS@CG�D P!JSBEDFXE@Fc4)�HCL&@ ^wL&@ HIMSB�dQP_@CcnP_�SYmB�GTP_r�BEJ

name
cnG�HIMSB

DCXKL%)WB
i
YmBKd&BKYnDxL_R�HIDFcnJSBiHCMSBzXKRS@C@FBEG�HuDCXKL%)�B.� H�MSBEG

i
cmD

0
�kHIMScmDxcnD HIMSBOXKRS@C@FBEG�HuDCXKL%)�B.� H�MSBEG

i
cnD

1
�SHCMScnD)cmDxHIMSBVcnr�r�BEJScnPQHIBKYm[�BEGSXKYnL&DFcnGS{�DFXEL%)WB�� P_G�J�DFL
L&G �A`)MSB6XKLkJ�BOB g�P_r;)SYnB�� L&RSYnJe�WB �
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Desc d1, d2, d3;
/*
* d1 holds the descriptor for the variable ”a” in block 3.
*/

d1 = WhereIs(”a”, 0);
/*
* d2 holds the descriptor for the variable ”a” in block 2.
*/

d2 = WhereIs(”a”, 1);
/*
* d3 holds the descriptor for the variable ”a” in block 1,
* which should be a NULL descriptor value indicating not found.
*/

d3 = WhereIs(”a”, 2);

�bLQHIBuHIMTPQH�PVYnL X�P_YSdQP_@Fc P_�SYmB)cnD P_YncZd&B)L&G�Ym[�cm^ cmH�cmD JSBKXEYnP_@CBKJ cnG
P6J�cn@CBKXKH P_GSXKBED�HIL&@ L_^=HIM�B
XER�@C@CBKG�HzDCXKL%)WB����'8 P_R�HCMSL&@FDiX�PQGSGSL_HiP_D1�]^wL_@bcmG�^wL&@Cr
PQHCcnL&GeP_�WL&R�H�JSBEP_J YmLkXEP_Y dQP_@CcnP_�SYmBED�� DFcnGSXKB
HIM�BEcn@)r�BEr�L&@�[]cnD)@FBERSDFBEJ���[]L_HIMSBK@)d_PQ@Cc PQ�SYnBKD��

�b3��b3	� 
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`)MSBK@CB PQ@CB:DCBKd_BE@CP_Yb^wRSG�XKHIcmL&GSD�L&G JSBEDFXE@Cc:)�HIL_@CD
HCMTPQH
{&cmd_B��'8 �u@CcmHCBE@FD�HCMSB P_��cnYncZH\[�HCL�L&�kH P_cmG
cnGk^wL&@Cr
PQHIcmL&G�P_��L_R�HiHCMSB DCc��EB�L_^ P
dQP_@Fc P_��YnB��WHIMSB6H\[G)WB L_^ P
dQP_@Fc P_�SYmB���P_GSJ�HIM�B.dQP_YnRSB6L&��HIP_cnGSBKJ
��[:JSBE@FBK^wBE@FBEGSXKcnGS{]P�dQP_@Fc P_�SYmB�� l ^wRSG�XKHIcmL&G2�uM�cnX M )�@CL>d cnJSBKDbHIM�B6XKRS@C@FBEG�H�)S@FL&{&@CP_r B gkBEXKR�HIcmL&G � D
YnL X�P HIcnL_G cmG�^wL&@Fr PQHCcnL&G�cnGSXKYnRSJScmGS{!HIMSB:YncmGSBeG R�r���BK@ PQGSJ�qTYmB�GSP_r
BecmD P_YmDCL )S@CL>d cnJ�BEJ PQr
L&G�{
HIM�B �'8 Ymcn�S@CP_@F[ ^wR�GSXKHCcnL&GSD��]`)MSB
JSBKHIP_cnYmBEJ�JSBEDFXE@Cc:)�HIcmL&G�LQ^�HIM�L&DCB�^wRSGSXKHCcnL&G�D6XEP_G��WB
^wL&R�GSJ�cmG
lg)�)�BKGSJScZg�l9�

�b3��b3�� � �
� � ��
 � � � �

?A@CBKJScnXEPQHIBz^wRSG�XKHIcmL&GSDx{_cmd&Bz��8 P_RkHIMSL&@FDuP�r
BEP_GSDxLQ^fXKL&r;)TP_@CcmGS{.H\[s)WBEDuP_GSJ�dQP_YmRSBEDxLQ^fJ�c:$�BE@CBKG�H
JSBKDCXE@Fc4)�HCL&@CD�XEL&G�d&BKGScnBKG�HIYm[����5H)P_YmDCL.{_cmd&BKD�HIM�BOP_R�HCMSL&@ HCMSBzPQ�ScnYmcmH\[�HCL�{�PQHCMSBE@ cnG�^wL&@Fr P HIcnL_G
PQ��L&RkH
HIM�B�r�BEr.��BK@CDCM�c4) L_^.P XEL&r;)�L_RSGSJ JTPQHIP#H\[G)WB 
 D�HI@CR�XKHIR�@CB��iRSGScnL_G/�bL_@eP ^wR�GSXKHCcnL&G �6�uM�cnX M�P
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`)MSBbliY PQr
LV^w@IP_r�B�� L&@`�0)S@CL>d cnJSBKDxPVd_PQ@CcnB H\[�L_^pcmG�^wL&@Cr
PQHCcnL&G�P_�WL&R�H�P )�@CL&{&@CP_r B gkBKXER�HCcnL&G/��UTL&@
B g�P_r;)SYmB�� cmHxDFR-)-)WL&@FHCD�HIM�BzJSBKd_BEYmL%)Sr�BEG�H)L_^ r�L&GScZHIL&@FD�^wL_@ HIM�Bzr
BKr
L_@F[�P_YmYnL X�PQHCcnL&G��WBEMTP�d cnL&@ L_^
P3)�@CL&{&@CP_rO�QHIM�B�XEL_G�HC@CL&Y �TL(��L_^ P3)S@CL&{_@IP_rO�QJSPQH P�DFHI@FRSXKHCRS@CBxP_XEXKBEDCDFBED���qSYnB�� �_��L%)�BK@IPQHCcnL&G�D��&PQGSJ
XEL_r
r�R�GScnXEPQHIcmL&G�P_X HIcmd cZHIcnBKD�L_^oP�)S@FL&{&@IPQr2��`)M�cnD)X MTP�)kHIBE@ )S@FBEDFBEG�HID�DCcmr6)SYmBzB g�P_r;)SYmBzB gkBEXKR�HIcmL&G
r�L&GScmHCL&@CD)HCMTPQHzJ�BEr�L&GSDFHC@IPQHCB6HCMSB6d c PQ�ScnYmcmH\[�L_^oHIMSB2^w@IP_r�B�� L&@1�:P_G�J DCMSL(� MSL(� liYnP_r
L�cmDiRSDFBEJ
HIL )WBE@F^wL_@Cr H\[s)ScmX�P_YOr�L&GScZHIL&@FcnGS{�HIP_D1��D�� `)MSB�B g�P_r;)SYnBKDeB gG)SYnL_@CB�H<��L�r P �FL&@�X�PQHCBE{&L_@CcnBKD�L_^
P�)-)�YncnXEPQHIcmL&GSD ^wL&@)HIMScmDx^w@IP_r�B�� L&@1� �-)�@CL_qTYmcnGS{�PQGSJ�r�BEr�L&@�[]r�L&GScmHCL&@CcmGS{-�

?A@CL_qSYncnG�{!HCLkL_YnD�X�P_G���B:RSDFBEJ�HCL�r�L&GScmHCL&@�HIM�B�G�RSr��WBE@
L_^i^wR�GSXKHCcnL&G�X�P_YmYnD����TL�P HIcnG�{
)WL&cnG�HbL%)�BK@IPQHCcnL&G�D���P_GSJ �S@CP_GSX MSBKDg�ucmHCMScnG�P )S@FL&{&@IPQr2�)�\G�{&BKGSBE@CP_Yh� )S@FL_qTYnBK@bcmG�^wL&@Fr PQHCcnL&Ge{&cZd&BKD
HIM�B6RSDFBE@bP_G:cnJSBEP
P_�WL&R�HuM�L �,L_^ HIBKG:HCMSB )�@CL&{&@CP_r Bhg�BKXER�HCBEDOP�)TP_@�HIcmXERSYnP_@A)TP_@�H�L_^�XKLkJSB.�xa�DCBE@FD
X�PQG�HCMSBEG @CBU�u@CcZHIB]HIM�B:r�L&D�H ^w@CBEv�RSBKG�HIYm[#B gkBEXKR�HIBKJ )TP_@�HID HIL�@FRSG r
L&@FB]B���XKcnBEG�HCYm[%� 8:BEr�L&@F[
r�L&GScmHCL&@CcmGS{.HCLkL&YmDxX�PQG��WBORSDCBKJ�HCL�J�BKHIBKXKHbr
BKr
L_@F[]YmB�P���D��TcnYnYmBE{�PQYWr�BEr�L&@�[]@CB ^wBE@FBEGSXKBED�� LUX �U�

liYmYzliYnP_r�L#r
L_GScmHCL&@CD ^wL_YnYnL(� P XEL&r�r�L&G�L&R�HIYmcnGSB.�bJ�BEDCXK@Ccm��BKJ���[ HCMSB�HIBEr;)SYnPQHIB�cmG
HIM�B:G�B g H DFBEX HIcnL_G/� U L_YnYnL(�ucmGS{�HIMSPQH � DIP_r;)SYmB�B gkBEXKR�HIcmL&G�r�L&GScZHIL&@FD.^wL&@ B�PQX M�X�P HIBE{_L&@F[ LQ^iHIM�B
P�)-)�YncnXEPQHIcmL&G�P_@FB�{&cZd&BKG/� `)MSB�Bhg�P_r6)�YnBED
P_@FB�P_X HIRTPQY )�@CL&{&@CP_r ^w@CP_{&r�BEG�HID�HIMTP H JSBKr
L_GSDFHC@IPQHCB
dQP_@CcmL&RSD)r�BKHCMSLkJ�Dx^wL&@)r
L_GScmHCL&@CcmGS{�RSDFcnGS{ HIM�B2lbY P_r�L�^w@IPQr
BU��L&@`� �
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l H\[G)�cnX�PQYb�'8 ^wL&YnYmL �uD�HCMSB:{&BEGSBK@IP_Y�L&R�HCYncmGSB�DCMSL(�uG �WBEYmL(� ���5H�qT@CD�H DFBKHCD R-) HIMSB:B gkBEXKR�HIcmL&G
r�L&GScmHCL&@CcmGS{���[�XEP_YnYmcnGS{ HCMSB9)S@FLkXKBEJSR�@CB

EvInit(argc, argv)
��`)MSBEG HCMSB.cmGScmHCc P_Y=B d&BKG�Hzr P_D`�]^wL&@

HIM�Bu��8 cmDoXE@FB�PQHCBEJ�RSDCcmGS{zHIM�BA)S@CL XEBKJSRS@FB
EvMask(n, ...)

�
EvMask(n, ...)

�SRScmYnJSDoPzr P_D`�
�ucZHIM

n
BKd&BKG�H�XKLkJSBKD�cnG DCR��SDCBKv R�BEG�HA)TPQ@IP_r�BKHCBE@CD���`)MSBur
P_cnG �WLkJk[�L_^WHIMSBu�'8 XEL&G�DCcnD�HID�L_^ P_G�cnG�qSGScmHCB

YnL L%)�HIMTPQH.@CBKv R�BEDFHCD�P_GSJ#)�@CL XEBEDFDCBKD BKd&BKG�HID ^w@CL&r HCMSB `u? �olb^ HCBE@ PQG#BEGSJ LQ^)B gkBEXKR�HIcmL&G BKd_BEG�H
�ucmHCM�HIMSB B d&BEG�H6XEL JSB

END OF EXEC
cmDz@CBKXEBEcZd&BKJ/�sHCMSB��'8 XEP_YnYmDiHIM�B;)�@CL XEBEJ�RS@CB

EvTerm()
HIL HCBE@Cr�cnGSPQHIBzHCMSBVr
L&G�cmHIL_@CcnG�{�P_GSJ:B gkcZHID)HIMSBd)S@FL&{&@CP_r2�

#include � alamo.h �
void main(int argc, char **argv)�

/*
* Initialization code, sets up the execution monitoring
*/

EvInit(argc, argv);
/*
* Sets up the initial event mask for the EM
*/

mask = EvMask(n, eventcode � , ... , eventcode � );
while ( eventcode = EvGet(mask) )

�

/*
* process events
*/�

/*
* Termination code
*/

EvTerm();�

`)MScmD]HIBEr;)SYnPQHIB�cnD]{&BKGSBE@CP_YnYZ[�L_r
cZHCHIBKJ�^w@CL_r HCMSB ^wL&YnYmL(�ucnGS{�XEL JSB�B g�P_r;)SYnBKD]^wL&@ HCMSB�DIP��QB�L_^
�S@FBKd cmH\[��o`)MSBKDCBxBhgSPQr6)SYmBEDsP_@FB�)SYmRS{&{&BKJ6cmG�HILuHIMSB�HIBKr6)SYnPQHIB �uMScmYnB�YnL L%)2PQH HIM�B�)WL&cnG�HsXEL_r
r�BEG�HIBKJ
��[ �`)S@FLkXKBEDFDbB d&BEG�HCD �-�
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��d&BKG�HCDu{&BEGSBK@IPQHCBEJ���[* ? �� � `sBEr;)T�&� �Z��lbY P_r�L�� D DFL&RS@CXKBU@5Y P_GS{_RTP_{&BbYnBKd_BEY�cnGSD�HI@CR�r
BKG�HIPQHIcmL&G
HCLkL_Yh�
X�PQG�JSB�)ScnX HVYnL(�A@\YmBKd_BEY��WBEMTP�d cnL_@�� DCRSX M�P_DVRSGTPQ@F[�L&@O��cnGTP_@�[ L%)WBE@CPQHIL_@CDVP_GSJ!dQP_@CcnP_�SYmB�P_XKXEBEDFDCBKD��
`)MSB [�XEP_G�P_YnDFL�XKL&@C@FBED1)WL&GSJ HCL#MScm{&MSBE@]@\YmBKd&BKYu��BKMTP�dkcmL&@��)DFRSX M�P_D
^wR�GSXKHCcnL&G XEP_YnYmD��xYmLkL�)SD��)PQGSJ
XEL_G�HC@CL&YpD�HI@FRSXKHCRS@CBKD��ujkcmGSXEBVB d&BEG�HCDzP_@FB2{_BEGSBK@IPQHCBEJ PQDuHCMSB
)S@CL&{_@IP_r B gkBEXKR�HIBKD��=�'8�D�X�PQG2)S@FL_qTYmB
dQP_@CcmL&RSD�� cmGSJSD)L_^ )S@FL&{&@CP_r P_XKHCcmd cmH\[ PQH)@FRSGG@5HCcnr�B��f`)MScnDxcmDxJSc $ BK@CBEG�Hx^w@FL&r�HI@IPQJScmHCcnL&GTPQY )�@CL_qTYmBE@FD
�uMScmX M�P_@CB )�L_DFH`@5r
L_@FHIBKr P_GTP_YZ[ DCcnDuHIL L&YmD��uliYnP_r
L;)S@FL_qTYnBK@CD�X�P_G�{&cmd_B.B g�P_X HOXEL_RSG�HIDOP_G�J�XE@FL&DCD]@
@CB ^wBE@FBEGSXKB6DFL&RS@CXKBU@5XEL JSBVYnL X�PQHCcnL&G]cmG�^wL&@Fr PQHCcnL&G �kRSG�Ync4�QBzHI@CP_JScmHCcnL&GSP_Y^)�@CL_qTYmBE@FDxHIMTPQH�PQ@CBV�TP_DFBEJ:L&G
DFHIPQHIcmDFHCcnX�PQYoP�)�)S@CL�gkcnr
PQHIcmL&GSD��2�\G�P_J�JScmHCcnL&G/��liYnP_r
L )S@CL_qSYnBE@FDzX�PQG � L&@`��PQHVP qTG�BE@OJSB H P_cmYoYnB d&BKY

 BhgG)S@CBKDCDCcmL&GG@5YnBKd_BEY �xHCMTP_G:r
L_DFH )S@FL_qTYnBK@CDA�uMScmX MO� L&@`�ePQH�P0)S@CL XEBKJSRS@IPQYpYnBKd_BEYZ�

UTL&@�B g�P_r;)SYnB.��RSDFcnGS{�HIMSB�liY PQr
L!^w@IP_r�B�� L&@`� �xP_G �'8 XEP_G )S@FL_qTYnBeHIM�B�G�RSr��WBE@�L_^
�TL�P HIcnG�{6)WL&cnG�H�L%)WBE@CPQHIcmL&GSD��SHCMSB2G R�r���BK@iL_^fHIcmr
BKDbP��S@IPQGSX M�cmD�HIP��_BKG�^wL&@)HIMSB

else
)TP_@�HiLQ^AP_G

if
DFH P HIBEr�BEG�H��WL_@uHCMSB2G R�r���BK@bLQ^�cmHCBE@CPQHIcmL&GSD)B gkBKXER�HCBEJ ��[:P

while
YnL L%)/�,* [eXK@CL&DFD @5@CBK^wBK@CBKGSXEcmGS{

L_HCMSBE@:BKd_BEG�HIDO�ucmHIM )S@FL&{&@IPQr YnL X�PQHCcnL&G cmG�^wL&@Cr
PQHCcnL&G/�uL&@:PQH�P�MScn{_MSBE@eYnB d&BKY2��[�r�B�P_GSDeL_^�P
XEL_G�qT{&RS@CPQHIcmL&G�qSYnB���P_G#�'8 X�PQG P_YnDFL )S@FL_qTYmB
HIM�B G�RSr��WBE@�LQ^xHIcmr
BKD.P )SP_@FHCcnXER�Y P_@O^wRSGSX HIcmL&G�cmD
X�PQYnYnBKJ/�

l/DFcnr;)SYnB2�'8 �uMScmX M�)S@FL_qTYnBKD �SL�PQHIcmGS{ )WL&cmG�H�L%)WBE@CPQHIcmL&GSD�cnD�DCMSL(�uG��WBEYmL �d�u�5HicnGSXK@CBU@
r�BEG�HID�XKL&RSG�HIBK@CD�^wL&@sJSc $ BK@CBEG�H �SL�PQHIcmGS{g)WL&cmG�HfL%)WBE@CPQHIcmL&GSD�PQDfHIM�BA)S@CL_{&@IP_r�@FRSGSD��o`)MScnDAP.)-)S@CL&P_X M
X�PQG���BzR�DCBEJ�HCL0)S@CL_qSYnBzPQG�[ BKd_BEG�HID�P_DxYmL&GS{ PQD�HIMSBOB d&BKG�Hur
P_D`�
cmDxDCB HxHIL XKL&YnYmBEXKH HIMSL_DCBOBKd_BEG�HID��

switch(eventcode)
�

case E Plusf:
Plus cnt ++; break;

case E Minusf:
Minus cnt ++; break;

case E Multf:
Mult cnt ++; break;

case E Divf:
Div cnt ++; break;�
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`)MSBKDCB9��cmGSJ�LQ^fHCLkL&YmD)X�P_G�P_DFDCcnD�H�cnGeL%)�HCcnr�c��EcmGS{�)WBE@�^wL&@Cr
P_GSXKB2��[�@FBKd_B�P_YmcnGS{;)�LQHIBEG�HCc P_Y
)SYnP_XEBKD5�uM�BE@CB�HIM�B RSDFBE@sX�P_GVHIR�GSB HCMSB+)S@CL_{&@IP_rO�sUTL&@pB g�P_r;)SYnB.�_P)YnP_@C{&BAG�RSr.��BK@fL_^ �TL�P HIcnG�{ )WL&cmG�H
JScZdkcmDCcmL&G�L�)�BK@IPQHCcnL&GSD2r
P>[!cmGSJScmX�PQHCB PO)�L&DFDCcm�SYnB
P_@CBEP�L_^ucmr6)�@CL>d&BKr
BKG�H��8* [�XE@CL_DCD @5@CB ^wBE@CBKGSXEcmGS{
L_HCMSBE@�BKd_BEG�HID
DCRSX M�P_D�P_DCDFcn{&G�r
BKG�H�B d&BEG�HCD��)YnL L%) XKL&G�HI@CL_Y)BKd&BKG�HID��uPQGSJ�DFL&RS@FXEBU@5XEL JSBeYnL X�PQHCcnL&G
BKd_BEG�HID���HIMSBxR�DCBE@AXEP_G cnJ�BEG�HIcZ^ [2HCMSBA)WL&DCcZHIcmL&GSDsL_^ )TP_@�HIcnXKRSY PQ@f�WL_HCHCYnBKGSBEX7��D��ANVcZd&BEG DFRSX M�YnL X�PQHCcnL&G�D��
P )S@CL_{&@IP_r�r�BE@ r
P�[ �WB�P_�SYnB�HIL�@CBKr
L>d&B!DFL&r
B�@FBEJSR�GSJTP_G�H�L%)�BK@IPQHCcnL&G�D�P_GSJ�D1)WBEBKJ$R-)�HIM�B
)S@FL&{&@IPQr B gkBKXER�HCcnL&G/�

*�BKDCcnJ�BED
HCMSB�DFcnr;)SYnBeXKL&RSG�HIcmGS{�L_^zP�XKBE@FHIP_cnG�BKd_BEG�H �ur�L&@CB:BEYnP_��L_@IPQHCBeHCLkL_YnD�DCRSX M�PQD
P_GScmr P HIcnG�{ HIMSB�XEL_G�HC@CL&YAD�HI@FRSXKHCRS@CBKD�P_GSJ �TL(� L_^�P,)S@CL&{_@IP_r XEP_G���B�JSBKd_BEYmL%)�BKJ �ucZHIM�HIMSB
P_cmJ
L_^ {&@CP�)SMScmXEDbHCBEX MSG�cnv�RSBED��.`)MSB ���TL(�/{&@CP�)SM�� L_^ P*)S@CL&{_@IP_r X�PQG��WB�XKL&GSDFHC@CRSX HIBKJ�PQHi@CRSGs@5HIcmr
B
��[�HC@IP_X7��cnG�{,�uM�BE@CB�HCMSB0)S@FL&{&@IPQr YmLkXEPQHIcmL&G�{&L BED 
S�uMSBE@FB cmHOYmLkL�)SD�� �uMSBE@FB�cZHz�S@CP_GSX MSBKD��5�uMSBE@FB
cmHiBEG�HIBK@CDOL&@iYnB�P�d_BEDVP
^wRSG�XKHIcmL&G � � * [�^wBKBEJScmGS{�JSc $ BK@CBEG�HOcmG-)SR�HCDzcnG�HCL]DCB d&BE@CP_YAB gkBKXER�HCcnL&GSDOLQ^ P_G
P�)-)�YncnXEPQHIcmL&G/� HIMSB ���TL(��{&@CP�)SM���HIL L&YpXEP_G�r
P_@1� )TPQHIM�D�HCMTPQH�MTP�d&B6��BKBEG�BhgkBEXERkHIBEJ�L_@�M�cn{&MSYmcn{&M�H
)TPQHCMSD)HIMTP HuMTP�d&B2GSL_H���BKBEG:B gkBEXKR�HIBKJ/�

����� 	 
�� � � � � �;����� � � � ��� � ���;� �

8�BKr
L&@�[ RSDCP_{&B�cnDzP_G!cnr;)�L&@�H P_G�HzP_D1)WBEX H6LQ^�)�@CL&{&@CP_r �WBEMSP>d cmL&@zHIMTP HOcnDOGSLQHVJScn@FBEXKHCYm[�BKd cnJ�BEG�H
^w@CL_r HIM�B2DFL&RS@FXEBVXEL JSBVB g�P_r�cnGTP HIcnL_G/�+8�BKr
L&@�[]@FBK^wBE@FBEGSXKBEDbX�P_Ge�WB2XEPQHIBK{&L&@Fc��EBKJ:P_Du@CBK^wBK@CBKGSXEcmGS{
{&YmL&�TP_YxDFBEX HIcnL_G/��D�H P_X7��P_G�J�MSBEP�)�@FBE{&cmL&GSD�� 8�L_DFH
r
BKr
L&@�[#�SR�{&D
L XEXKRS@0�uMSBEG )S@CL_{&@IP_r�r�BE@CD
r
P_GSc4)�RSY PQHCB
r�BEr�L&@�[!cnG�HCMSB]MSBEP�)�@CBE{_cnL&G/��liYnDFL�HIM�BE@CB]P_@CB]XKL&r�r
L&G��SRS{&D�PQDCDCL XEcnPQHIBKJ �ucmHCM
cnYmYnBK{�P_Y�r�BEr�L&@�[�@CBK^wBK@CBKGSXEBKD�^wL&@ P_YnY ��cnG�JSD LQ^pr
BKr
L_@F[ @FBE{&cmL&GSD��o`)MSBb^wL&YmYnL(�ucnG�{ODCBEX HIcmL&GSDp)�@CBEDFBEG�H
DIPQr6)SYmBOr
L_GScmHCL&@CD�^wL_@�J�BKHIBKXKHCcnGS{�r
BKr
L_@F[]YmB�P���D�P_GSJe^wL&@uX MSBKX7� cmGS{]PQ@C@IP�[�DFRS�SDFXE@Cc:)�HIDuHIL�JSB HIBEX H
L&R�HuLQ^��WL&RSGSJSDu@FBK^wBE@FBEGSXKBED��
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UT@CL&r P�DFBKH LQ^ )S@Ccmr
cZHIcmd_B�BKd&BKG�HID�HIMSPQH�P_@FB )S@FL d cmJSBEJ#^wL&@6P_YmY ^wRSG�XKHIcmL&G�XEP_YnYmD���GSP_r
BKYm[
E Call

�

E Param
� P_GSJ

E Ret
�5 ? ��uX�P_G!�WB�XEL&GkqT{&RS@FBEJ�HIL*)�@CL JSRSXEB DFBKd_BE@IPQY�BKd_BEG�HIDO^wL&@zB d&BK@F[�r�BEr0@

L&@�[�P_YmYnL X�PQHCcnL&GO�uMScnX M�RSDCBKDO^wRSGSXKHCcnL&G�D
malloc

�
calloc

�pLUX �U��UTL&@zBhgSPQr6)SYmB��pcZHOX�P_G!{&BKGSBE@CPQHIB�P
r�BEr�L&@F[:P_YmYnL X�PQHCcnL&GeB d&BEG�H��ucZHIM�P_G�BKd&BKG�HVXEL JSB

E Malloc
P_GSJ�P
XEL&@F@CBED`)�L_GSJScnG�{]BKd_BEG�HVd_PQYnRSB

�uMScmX M {&cmd_BED6HCMSB�P_J�JS@CBKDCD�L_^)HCMSB r�BEr�L&@�[�P_YnYmLkXEPQHIBKJ/���\G#P_JSJScZHIcnL_G/�� ? ��VXEP_G ��B
XEL&GkqT{&RS@FBEJ
HIL:{&BKGSBE@CPQHIB P_G

E Free
BKd&BKG�H9�uMSBKG�HIMSB�^wRSGSX HIcmL&G

free
cnDVX�P_YmYnBKJ/�
�5HCD.XKL&@C@FBED1)WL&GSJ�cnGS{:BKd_BEG�H

dQP_YnR�B�D1)WBEXKcmqTBKDzHIMSB�P_J�JS@CBKDCDVL_^�HIMSB L_� �FBEX HV��BKcnGS{]^w@FBEBEJ �.a�DCcnG�{]HIMSBKDCB�BKd_BEG�HID��oP_G!�'8 �u@CcZHIBK@
X�PQG�B�P_DFcnYm[,�u@FcmHIB6r
L_GScmHCL&@CDuHIL]J�BKHIBKXKHVr�BEr�L&@F[:YmB�P���DzcmG�P )S@FL&{&@IPQr2�b`)MSB��'8 DCBKHCDOcmHCDiBKd_BEG�H
r
P_D1� HCL�XEL&YmYnBEX H

E Malloc
P_G�J

E Free
BKd&BKG�HID��

`)MSBe^wL&YnYmL(�ucnGS{ Bhg�P_r6)�YnBeRSDCBKD]P�DCB H JSPQH P�H\[s)�B 
 L&r�cmHFHIBKJ MSBE@FB ���ucmHIM
insert()

P_GSJ

delete()
L%)WBE@CPQHIcmL&GSDbHCL�r PQcnG�H P_cmG:HCMSB�P_JSJ�@CBEDFDCBKD2LQ^ P_YnYmLkXEPQHIBKJ�L&� �FBKXKHCD2cmG�P*)S@FL&{&@IPQr2�O��d_BE@F[

HIcmr
B�PQG
E Malloc

B d&BKG�H.LkXKXERS@FD�� HIMSB
P_JSJ�@CBEDFD6LQ^�HIM�B
PQYnYnL X�P HIBEJ�L_� �FBEX H.cmD2cmGSDCBK@FHCBEJ�cnG�HILeHIMSB
DCB H � �uMSBEG�BKd&BK@OP_G

E Free
BKd_BEG�HzL XEXKRS@CD��THIMSB2XEL&@F@CBKD1)WL&GSJScmGS{ L&� �FBEXKHbcnDuJSBKYnB HIBEJ:^w@CL&r HIMSB2DCB H �

lxHOHIM�B�BKGSJ!L_^ HIMSB0)S@FL&{&@CP_r BhgkBEXERkHIcnL_G/� cm^�HIMSB
block set

cnDzGSLQHVBEr;)�H\[%�=HCMSBE@FB�cmDOP�r
BKr
L_@F[
YnBEP�� �

switch(eventcode)
�

case E Malloc:
insert(block set, eventvalue);
break;

case E Free:
delete(block set, eventvalue);
break;

...�

8�L&@FB�DCL%)SM�cnDFHCcnXEPQHIBKJ�r�L&GScZHIL&@FDzX�PQG�PQYnDCL�HC@IP_X7��dQP_@Fc P_��YnB.GSP_r
BKD��uMScnX M�P_@FB;)WL&cmG�HCcnGS{
HIL2HIMSL_DCBbP_YnYmLkXEPQHIBKJ�L_� �FBEX HID)P_G�J {&cZd&B�RSDCBK@CD�r�L&@FB�cmG�^wL&@Fr PQHCcnL&G�PQ��L&RkH��uMScmX M
dQP_@Fc P_�SYmBED P_@FBbGSLQH
^w@CBKBEJ�L&@�JSLVL_HIM�BE@+��cnGSJSD�L_^�r�BEr�L&@F[.X MSBEX7��cnG�{6^wL&@A�TPQJ
�WBEMTP�d cnL_@���DCR�X M]P_DA^w@CBKBEcmGS{2P2�SYmLkX7�2HIMTP H
MTP_DuGSLQHu��BKBEG PQYnYnL X�P HIBEJ �kL&@)^w@FBEBEcmGS{�P �SYnL X7�
H<�ucmXEB��
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`)MSBOcmGSDFHC@CRSr�BEG�H P HIcnL_G�P_YnDFL0)S@CL JSRSXKBED)B d&BEG�HCD�^wL&@�DFHI@FRSXKHCRS@CBOqTBKYnJeP_G�JeP_@C@CP>[ BEYmBEr�BEG�HuP_XKXEBEDFDCBKD��
liG�L_HIMSBK@�XEL_r
r�L&G.��RS{OcnDsHI@F[ cmGS{iHILVPQXEXEBKDCD�P_G�P_@C@CP>[6BEYmBEr�BEG�H�HCMTPQH�cmDoL&RkHAL_^ �WL&RSGSJSD���l�DFcnr;)SYnB
�'8 HIMTP H�JSB HIBEX HID�HCMScnD )S@CL&��YnBEr JSBKr
L_GSDFHC@IPQHCBED.HCMTPQH.HCMSB]PQXEXEBKDCD�^wRSG�XKHIcmL&GSD�)�@CL>d cnJSBKJ#��[�HIM�B
^w@IPQr
BU��L&@`�!B g HIBKGSJ#HIMSB
X�P�)SP_�ScnYmcmHCcnBEDOLQ^)r
L_GScmHCL&@CDVcnG�liYnP_r
L,� BEYnY �WBK[&L_GSJ �uMTPQH.cnD
)S@CL>d cnJ�BEJ
��[ HIM�B�B d&BKG�H2r�LkJ�BEYh�6�\G�HIMSB�BKd_BEG�H6r
L JSBEYZ� HIM�B `u?$cnDOcmGSDFHC@CRSr�BEG�HIBKJ�HILe@CB�)�L&@�HVBKd_BEG�HIDVHIMTP H
�'8�D2P_D1�:^wL&@��6`)MSB�P_XKXEBEDFD2^wR�GSXKHCcnL&G�Ymcn�S@CP_@F[:XEL_r6)SYmBEr�BEG�HIDbHIMSB B d&BEG�H @\�TP_DFBEJ�XEL&r�r�RSGScmX�PQHCcnL&G
^w@CL_r �'8�D�HCL HIMSB2`u? �T�5H�BEGSP_�SYnBKDi�'8�DuHIL�)WBEB���cnG�HIL HIM�B6`u? PQGSJ�L&�kH P_cmG�DFH P HIB6P_GSJed_PQ@Cc PQ�SYnB
DFHC@CRSX HIRS@FB6cmG�^wL&@Fr PQHCcnL&G PQHu@CR�GG@5HCcnr�B���`)MSBVdQP_@CcnP_�SYmBEDxRSDFBEJ�cnG�HIMScmD)B g�P_r;)SYnBVPQ@CBVDCMSL(�uG���BKYnL(�d�

int eventcode;
struct evstab arstack[MAX STACK DEPTH];
int level=0;
Desc elemdesc;

arstack
cnDbP_G P_@F@IP�[:L_^

evstab
D�HI@CR�XKHIR�@CBED��uM�cnX M MSL_YnJ�HCMSB.GSP_r
B6P_GSJ�HIMSB6JSBEDFXE@Cc:)G@

HIL_@ 
 J�BEDCXK@Ccm��BKJ cnG> �MTP.)�HIBK@�B �V^wL_@�P_@F@IP�[�dQP_@Fc P_��YnBED���`)MSB
evstab

DFHI@FRSXKHCRS@CB�MSP_D6H<� L�qTBEYmJSD��

name
P_GSJ

desc
�

arstack
cnDuRSDCBKJ�P_DiP�D�H P_� D�H P_X7��HCL DFHCL&@CBVdQP_@CcnP_�SYmB2GSP_r
BKDiPQGSJ�JSBKDCXK@Cc4)kHIL&@

cnGk^wL&@Cr
PQHIcmL&G�^wL&@ HCMSBzr�RSYZHIc @\YnB d&BKYWJ�BEB�):P_@F@IP�[
@CBK^wBK@CBKGSXEBKD��TDCcmGSXEBODFBKd_BE@IPQYpP_@C@CP�[ @FBK^wBE@FBEGSXKBVBKd&BKG�HID
r
P>[:L XEXKRS@z�WBK^wL&@FB.HIMSB6XEL&@F@CBKD1)WL&GSJScmGS{�cnGSJ�B g�BKd&BKG�HIDVP_@FB�@CBKDCL&YZd&BEJ �O`)MSB DFHIP_X7��J�B�)�HCM!^wL_@bHIM�B
P_@F@IP�[�@CBK^wBK@CBKGSXEB]cmD6DFBEYmJSL&r r�L&@CB�HIMTPQG�qSd_B]YnB d&BEYmD.JSBKB�)/��UTL&@VB g�P_r;)SYnB.�fHCMSB B d&BEG�H DFBEv�RSBKGSXEB
{&BKGSBE@CPQHIBKJ:^wL&@

array1[array2[array3[index]]]
cmD)DCMSL(�uG�cnG�HIMSB2Uocm{&RS@FB�%G�m� �

E_Derefa

E_Derefa

E_Derefa

E_Index

E_Index

E_Index

2
1

array1 [ array2 [array3 [ index ] ] ] 

3

4

56

Uocm{&RS@CB�%s�m� �A`)M�B6PQ@C@IP�[�@FBK^wBK@CBEG�XEB2BKd&BKG�HiDFBEv�RSBEG�XEB�{&BKGSBE@CPQHIBKJ���[�HCMSBVB gG)S@CBKDCDFcnL&G
array1[array2[array3[index]]]

�



% '

`)MSBxB d&BKG�HAdQP_YmRSB ^wL_@�P_G
E Derefa

B d&BKG�H�cmDfHCMSBxP_J�JS@CBKDCDAL_^THCMSB)P_@F@IP�[2��BKcnGS{OPQXEXEBKDCDFBEJ/�
`)MSBuBKd_BEG�H�dQP_YmRSB�^wL&@�PQG

E Index
B d&BEG�H cnD�HCMSBucnG�HIBK{&BE@�dQP_YmRSB)L_^ HIMSB�P_@F@IP�[ cmGSJSB g^�

elemdesc
cnD

P�JSBKDCXE@Fc4)�HCL&@x^wL&@�HCMSBOP_@F@IP�[]BKYnBKr
BKG�Hx��BKcnGS{�P_XKXEBKDCDCBKJ/� `)MSBOXEL JSBORSDFBEJe^wL&@�JSB HIBKXKHIcmGS{ HIMSBVPQ@C@IP�[
L&R�HuLQ^��WL&RSGSJSD�P_XKXEBKDCD�cnD)DCM�L �uG���BKYnL(� �

switch (eventcode)
�

case E Derefa:
EvStab(eventvalue, &(arstack[level++]));
break;

case E Index:
elemdesc = EvElem(arstack[–level].desc, eventvalue);
if ( IsNull(elemdesc) )

fprintf(stderr,
”array access out of bounds: (%s)[%d]

�
n”,

arstack[level].name, eventvalue);
break;�

UTRSGSX HIcnL_G
EvStab

qTYnYmDicmG�HIMSB
evstab

D�HI@FRSXKHCRS@CB�)TP_DFDCBKJ�cmG�P_DiHCMSB0)TP_@CP_r�BKHIBK@3�ucZHIM
HIM�BVP_XKHCRTP_Y/)WL&cnG�HCBE@�HCL�HCMSBVP_@F@IP�[ � D)GTPQr
BOcmG]HIMSBOD�HI@CcmGS{ DCBKXKHCcnL&G:P_GSJ�HCMSBzdQP_@CcnP_�SYnB � D�JSBEDFXE@Cc:)�HIL_@
dQP_YnR�B���`)MSB2GTP_r�BOL_^oHCMSB2P_@C@CP>[ d_PQ@Cc PQ�SYnBOPQGSJ�cZHIDuJSBKDCXE@Fc4)�HCL&@)dQP_YnRSBVPQ@CBd)SRSDFMSBEJ�L&G�HIL�HIMSB2DFHIP_�
DFHIP_X7���

arstack
�
UTRSG�XKHIcmL&G

EvElem
@CB HIRS@FGSDVHIMSB�JSBKDCXE@Fc4)�HCL&@OdQP_YnRSB�^wL_@zHIMSB

i
HIM�BEYmBEr�BEG�H2cnG

P_G:P_@F@IP�[%��yzB H P_cmYnBEJ JSBEDFXE@Cc:)�HIcmL&GSD�^wL_@�HIMSBKDCBO^wRSGSX HIcmL&GSD)X�PQG:�WBz^wL&RSG�J�B�P_@FYm[]cmGO �MTP�)�HCBE@FD "�PQGSJ
B-��H�MSBKGSBKd_BE@6P_G

E Derefa
BKd_BEG�HVL XEXER�@CD��=HCMSB.dQP_@Fc P_�SYmB6�WBEcmGS{eP_XKXEBEDFDCBKJ�cmDg)SRSDFMSBEJ�L&G�HIL]HCMSB

DFHIP_X7� �za )�L&G�@CBEXKBEcZdkcmGS{]PQG
E Index

B d&BKG�H��=HIMSB2dQP_@CcnP_�SYnBVL&G:HIMSB6HIL%)�L_^�HIM�B.DFHIP_X7�:cnDg)WL%)-)WBEJ
L�$ ��`)MSB�@IP_GS{_B�LQ^ HCMSB�@CBK^wBK@CBKGSXEcmGS{�cmGSJSBhg�^wL&@zHIM�cnDOdQP_@CcnP_�SYnB.cnDzHIM�BEG�X MSBEX7�QBEJ RSDFcnGS{�^wRSGSX HIcmL&G

EvElem
� `)MScnDx^wRSG�XKHIcmL&Ge@CB HIRS@FGSDiP��bag=5=�JSBKDCXE@Fc4)�HCL&@ucm^ HIM�B2cmGSJSBhgecnD)GSLQH�dQP_YmcnJ/�
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`)MScmD
X MTP.)�HIBK@ JScmDCXER�DCDCBKD HIM�B2)WBE@�^wL&@Cr
P_GSXKB�L_^bHIMSB:liYnP_r�L  ^w@CP_r�B�� L&@1� � yzRSBeHIL!^w@CBKv�RSBEG�H
XEL_G�HCB g HOD �ucmHIX M�BEDz�WBKH<� BEBKG!HCMSB.`u?�P_GSJ ��8:DOP_GSJ�HCMSB6^ PQXKH�HIMTPQHz�'8�DiH P.�_B6HCcnr�B )�@CL XEBEDFDCcmGS{
B�PQX M�BKd&BKG�H �pr�L&GScmHCL&@CcmGS{�cnr;)�L_DCBED�DCcm{&GScZqTX�P_G�HiL d_BE@FMSB�P_J!L&G�HIMSB6`u? � DOB gkBKXER�HCcnL&G/�i`)MSB P_X HIRTP_Y
DCYmL(� JSL(�uG�LQ^iHIM�B2)S@FL&{&@CP_r�B gkBKXER�HCcnL&G�JSB�)WBEGSJ�D L&G�HIMSBe^w@CBKv�RSBEGSX [ L_^iHCMSB�B d&BKG�HCD]P_G�J�HIM�B
cnG�HCBEGSDFcmH\[�L_^bP_G �'8 � D @CBED`)�L_GSDCB�HIL�HIMSL&DFB�BKd_BEG�HID���`)MSB�r�L&@FB XEL_r6)SYmcnXEPQHIBKJ�HIMSB]P_GTP_YZ[kDFcnD.P_G
�'8 GSBKBEJSD2HIL:JSL-� HIMSB�r�L&@CB�L>d&BK@IP_YmY�HCcnr�B D1)WBEG�H6cnG!HIMSB�r
L_GScmHCL&@����bL(� BKd_BE@��or
L&D�H6��8:D�P_@FB
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A int EvSize(Desc var);
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A char * EvTypeString(Desc var);
�����!�0%'&���()���!*+�C��
1��&5�J����	K�����#�!�5=H�5
��#()�#��������*+�L*8%�����
-�M$N��
?*8%����5
?F�	��#�!	�"<��
84BO�*8�9	P�����#&�()��&5�#
?*8�

&�����*+�Q�R$���
?F�	��#�!	�"��!
8G,�!�S=+��F8
���*+&5�T
�	8(#�VU<
��!�XWY�0�M$N��
?"�&5�S�!����
������#�!()��
��C��*H*+�5
-��
1F8
��Z4

A int EvType(Desc var);
�����!�Q%'&���()����*+�[�#
1��&5�#���C	8�\�!�]��
1=8
1�^F_	8��&5
`��
1����
���
������!�5=a*+��
b*8%>����
b����
��5
)Uc�5
��d.eF_	��J�!	�"���


�M$N��
��14\���5
^����
��5
)Uc�5
��fF�	��#�!	�"��!
C�M$N��
��P	���
8g
INT
G

CHAR
G

LONG INT
G

UNSIGNED INT
G

SHORT INT
G

LONG UNSIGNED INT
G

SHORT UNSIGNED INT
G

SIGNED CHAR
G

UN-

SIGNED CHAR
G
LONG DOUBLE

G
FLOAT

G
DOUBLE

G
VOID

G
STRUCT

G
UNION

G
ENUM

G

POINTER
G
FUNCTION

G
ARRAY

4

A long DerefI(Desc var);
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A long double DerefD(Desc var);
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A Desc DerefP(Desc var, int i);
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A char *EvImage(Desc var);
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INT
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CHAR
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LONG INT
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UNSIGNED INT
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LONG UNSIGNED INT
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SHORT INT
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SIGNED CHAR
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DOUBLE
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LONG DOUBLE
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FLOAT
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A void *EvAddr(Desc var);
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A void EvLoc(char *filename, int *line num);
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A int IsMember(Desc var1, char *var2);
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A int IsNull(Desc var);
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A int IsSameType(Desc var1, Desc var2);
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A int IsEQ(Desc var1, Desc var2);
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A int IsGT(Desc var1, Desc var2);
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A int IsGE(Desc var1, Desc var2);
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A int IsLE(Desc var1, Desc var2);
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A int IsLT(Desc var1, Desc var2);
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Desc d, temp;
int i, j, typecode;
char *s;
...
for ( i = 0; i � EvNum(Locals); i ++ ) �

d = EvElem(Locals, i);
if ( EvType(d) == STRUCT ��� EvType(d) == ARRAY ) �

for ( j = 0; j � EvNum(d); j ++ ) �
...
/*

* get the jth field’s or element’s variable name
*/

s = EvName(d, j);
/*

* get the jth field’s or element’s descriptor
*/

temp = EvElem(d, j);
/*

* Or using EvVar(s) to get the jth field’s or
* element’s descriptor.
* temp = EvVar(s);
*/

/*
* get the jth field’s variable type
*/

typecode = EvType(temp);
switch (typecode) �

case INT:
printf(”integer value: %d � n”, DerefI(temp));
break;

case CHAR:
printf(”char value: %c � n”, DerefC(temp));
break;

case DOUBLE:
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printf(”double value: %f � n”, DerefD(temp));
break;

case FLOAT:
printf(”float value: %f � n”, DerefF(temp));
break;

/*
* Or we can use EvImage() to get the string image
* of the value for a variable of type INT, CHAR,
* DOUBLE, FLOAT, etc.
* printf(”var value: %s � n”, EvImage(temp));
*/
...�

...�
�

�

� ��� ��� � � �!�0
�� �
� � � ����� �;
 �+� � ���

� �V
)�,	8:H����
?*8%3���#	 F8
1�#���!�5=P	H�!�!� �8
��V���!���14 6 �^.9G�����
-����	���
�:;
����9��� �8
8g
for ( p = x; p; p = p- � next )
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Desc d;
int i, index;
/*
* find out the ”next” field in the structure,
* assign that element’s index to variable index
*/

d = EvVar(”x”);
for ( i = 0; i � EvNum(d); i ++ ) �

if ( IsSameType(d, EvElem(d, i)) ) �
index = i;
break;�

�
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for ( d = EvVar(”x”); !IsNull(d); d = EvElem(d, index) ) �
...�
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char *s;
int i, j;
Desc d;
...
for ( i = 0; i � EvNum(Locals); i++ ) �

s = EvName(Locals, i);
for ( j = 1, d = WhereIs(s, j); !IsNull(d);

j++, d = WhereIs(s, j) ) �
...�

...�
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char *filename;
int line num;
...
/*
* get current filename and line number info
*/

EvLoc(filename, &line num);
printf(”filename: %s, line number: %d � n”, filename, line num);
while ( UpStack() != � 1 ) �

...
EvLoc(filename, &line num);
printf(”filename: %s, line number: %d � n”, filename, line num);�
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stab: STRING COLON symbol des type info
� STRING COLON type info
� COLON symbol des type info
� COLON type info

symbol des: f � F � G � p � P � T � t � r
type info: INT

� INT EQ type description
type description: range des SM

� pointer des
� array des
� struct union des SM
� enum des SM
� funtion des
� crossref des

crossref des: x s STRING COLON
� x u STRING COLON
� x e STRING COLON

range des: r type info SM INT SM INT
array des: a index type SM type info
index type: INT

� range des
pointer des: ASTERISK type info
struct union des: s INT struct union lists

� u INT struct union lists
struct union lists: struct union list SM

� struct union list SM struct union lists
struct union list: STRING COLON type info CM INT CM INT
enum des: e enum lists
enum lists: STRING COLON INT CM

� STRING COLON INT CM enum lists
function des: f type info
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E Arith family arithmetic operators

E Addi value integer addition

E Addf value float addition

E Addd value double addition

E Addc value character addition

E Subi value integer subtraction

E Subf value float subtraction

E Subd value double substraction

E Subc value character substraction

E Muli value integer multiply

E Mulf value float multiply

E Muld value double multiply

E Mulc value character multiply

E Divi value integer division

E Divf value float division

E Divd value double division

E Mod value integer mod

E Neg value unary negate
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E Assign family assignment

E Lvaluei address integer lvalue assigned

E Lvaluef address float lvalue assigned

E Lvalued address double lvalue assigned

E Lvaluec address character lvalue assigned

E Lvaluep address pointer lvalue assigned

E Lvalues address structure lvalue assigned

E Assigni value integer assignment

E Assignf value float assignment

E Assignd value double assignment

E Assignc value character assignment

E Assignp value pointer assignment

E Assigns value structure assignment

E MulAssigni value integer multiply assignment

E MulAssignf value float multiply assignment

E MulAssignd value double multiply assignment

E MulAssignc value character multiply assignment

E MulAssignp value pointer multiply assignment

E DivAssigni value integer division assignment

E DivAssignf value float division assignment

E DivAssignd value double division assignment

E ModAssign value mod assignment

E AddAssigni value integer addition assignment

E AddAssignf value float addition assignment

E AddAssignd value double addition assignment

E AddAssignc value character addition assignment

E SubAssigni value integer subtraction assignment
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E SubAssignf value float subtraction assignment

E SubAssignd value double subtraction assignment

E SubAssignc value character subtraction assignment

E ShiftlAssign value shift left assignment

E ShiftrAssign value shift right assignment

E BitAndAssign value bit AND assignment

E BitXorAssign value bit XOR assignment

E BitOrAssign value bit OR assignment

E AndAssign value logical AND assignment

E OrAssign value logical OR assignment

E Logical family logic operators

E Or value logical OR

E And value logical AND

E Eq value logical EQUAL

E Neq value logical NOT EQUAL

E Less value logical LESS THAN

E Lesseq value logical LESS THAN EQUAL

E Grt value logical GREATER THAN

E Grteq value logical GREATER THAN EQUAL

E Bang value logical NOT

E Bit family bitwise operators

E BitOr value bitwise OR

E BitAnd value bitwise AND

E BitXor value bitwise XOR

E BitNot value bitwise complement

E Shiftl value shift left
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E Shiftr value shift right

E Ref family memory (de)references

E Refi address dereference integer

E Reff address dereference float

E Refd address dereference double

E Refc address dereference character

E Refa address dereference array

E Refp address dereference pointer

E Refs address dereference structure

E Reffn address dereference function

E IndexS value structure index (field access)

E Index value array index

E Addrof address address of operator

E Cont value content of operator

E Sizeof value size of operator

E Postinc value post � increment operator

E Postdec value post � decrement operator

E Preinc value pre � ncrement operator

E Predec value pre � ecrement operator

E Proc family procedure activity

E Pcall address procedure call

E Pret value procedure return value

E Pparam value procedure parameters

E Fcall address library function call

E Fret value library function return value

E Fparam value library function parameters
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E Control family control flow activity

E If value If test

E Cond value Conditional operator test ( � g )

E Loop value Loop test (for, while)

E Switch value Switch test

E Continue (none) Continue statement

E Break (none) Break statement

E Label string Destination (switch branch, goto)
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