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@DJ/CL<kCZJ2N�~8>XHbO5HPT @BJ2C{@sNPOQ]bCF@7M2OQHb]bODNf=t��9;=?NPO'@5M�Hb>XRS@DCZOQpq@�d;M/>^Y[NfW^WXd�NPE2EiTl:2R2Y�@D>^HPR�NPW^>A@�d g pB:2YsJ
NPpw]SNPOQ<�NP]bCGYFHbW^WXCZY�@D>^HPR.� z J2CipB=?NPO'@wM�Hb>XRS@DCZOQpw>^R£@DJ2CvK�� z g <)d�YFHbRS@DOBNPpQ@ g |PCFCZM�@DODNfYs| HPT
@DJ/C_C��8@DCZRS@L@DH � J2>XYsJ�@BJ2Cw=?CF=?HbO'da@BJ2CFd�MkHb>XR)@LN�@�>^p�~fNPW^>XE.� z J/C?p'@DOB:/YF@D:/OBC_HPT�@BJ2CwpB=?NPOQ@
MkHb>^RS@DCFOVYZHPR)@DNP>^R/p�N ? H @ 
Lm�CFW^E g NPR =DC ��
�
um�CZWXE g NPR2E_N ?9= B A F � J
�IC Awm�CZWXE.� z J/C =DC ��
�
}m�CZWXE
>^p�:2pBCFEGTlHbO�@BJ2C�>^R/E2>^OQCZYF@B>^HbR?HbMkCZODN�@D>^HPR g NfR2EGJ�NPp
@BJ2C�pBNP=?C#~PNfW^:2C	NPp
@DJ/C�M2OB>X=?>A@D>A~bC7M�Hb>XRS@DCZO
>X@�OQCZM2W^NPYZCFp � Hb:/W^EwJ�N[~bC7J�NPE.� z J2C ?9= B A F � J��IC A_m2CZW^Ew>Xp�NLR2HPR2YZC5:2pQCZE?@BH�|PCZCFM?@BODNPYs|�HfT1@DJ/C
R):2=�<kCZOLHPT
@B>^=_CZp{@DJ/C?<2WXH;Ys|aM�Hb>XRS@DCZE�@DHvJ�NPpL<�CFCZR�NPW^WXH;YZNf@DCFE g NPR2E�>^p�E2CZpQYZOQ>^<kCZE >XR�=_HbOBC
E2C�@sNP>XW.>^Rt9;CFYF@D>XHbR « � & � � �

z J2C ? H @ 
�m�CFW^E >Xp�NPR2Hf@DJ2CFO}MkHb>^RS@DCFOu@BJ�Nf@�MkHb>XR)@Bpu@BHa@DJ2C�W^H � CFpQ@�NPYZYFCZpBpQ>^<2WXC�<Sd)@DCG>^R�N
=_CZ=_HbOQd�OQCZ]b>XHbR �¥WX>^|fC�N�<2WXH;Ys|�OQCF@D:/OBR2CFE TlOBHb= G*H><#<IJ �LKNM�HbO�Nvm/�;CZE;��W^CZR/]P@DJ£NfOBODN[d
� g NfR2E
>^pL:2pQCZE @DHaOBCZW^Nf@DC_pB=?NPO'@}MkHb>^RS@BCZOBpL@DJ�N�@}MkHb>^RS@L@DHtE2> ��CZOQCZRS@�H ��pBC�@Dp�>XR�@BJ2C�pBNP=?C?=?CF=?HPOQd
OBCF]b>^HPR.� z J2C ?*H @ 
�m�CZWXEtp'@sNPO'@Dp#H ��<�CF>^R2]w@DJ2CLpDNf=?C�~fNPW^:2CLNPp7@DJ2C =DC �

�
-� �#H � CF~bCFO g1� J/CZR
HbR2C�pB=?NPOQ@}M�Hb>XRS@DCZO}>^p}E/CZOB>A~bCFE�TlOQHb=�NPR2HP@BJ2CZO}<)d�M�HP>^RS@DCFO�NPOQ>X@DJ/=?C�@D>^Y g @BJ2C ? H @ 
�M�Hb>XRS@DCZO
>^p7M�NPpQpBCFE�@DH�@BJ2C}OQCZpB:/WX@D>XR2]_pB=?NPOQ@#M�HP>^RS@DCFO#:2R/=?H8E2>Xm2CZE.� z J2>Xp�NPWXW^H � p7@ � H�pQ=�NPO'@	MkHb>XR)@BCZOQp
� J2HI<kHP@DJGMkHb>XR)@
>^RS@DH�@BJ2C�pBNP=?C	YZHbRS@D>X]b:2Hb:/pqNPOBCZN�HPT¨=_CZ=_HbOQd%�¥WX>^|fC�E2> ��CZOQ>^R2]u>^R2E/>^YZCFp+>^R�NPR

�Ph



NPOQODN[d g HbO#MkHb>XR)@BCZOQp	>^RS@BH?@DJ/C}pDNf=?CupQ@DOQ>^R2] �q@BH�pBJ�NfOBC}@BJ2>^p7YZHb=_=_HbR ? H @ 
Gm�CFW^E.� z J2>Xp ? H @ 

m�CFW^E�>^p	:2pBCFE�NPp�N�|PCFda@DHGW^H8Hb|v:2M�=_CZ=_HbOQdtOBCF]b>^HbRa>^R/TlHbOQ=�N�@D>^HPRt>XR�@DJ2CwK{NP>X|PHbR r NPpBCF=�NfM
pQ@BOB:2Y�@D:2OQC g E2CFpBYZOQ>^<kCZEv>^Rt9;CFYF@D>XHbR � � � � � �

z J2C�NfOBODN[dipQ:2<2pBYFOB>XM/@ g NPE2E2>A@D>^HPR g NPR2EapB:2</@BODNPY�@D>XHbRtHPM�CFODNf@BHbOBp#NPOBCLH�~bCFOBW^HbNPE2CZE g WX>^|PC�@DJ/C
>^R/E2>^OQCZYF@B>^HbR HbMkCZOBNf@DHPOBpZ� z J2CFdy|fCZCZM @BODNPYs| HfT}@DJ/C�@BJ2C�YFHbRS@D>X]b:2Hb:2pvpQ@BOBC�@DYsJ HPT}=?CF=?HPOQd
<kCFdbHPR2E�@DJ2C ? H @ 
GM�HP>^RS@DCFO7@BJ�Nf@�J2NPp	<kCZCFR�NPE2E2OQCZpBpQCZE�<Sdv@DJ2Cu>^R2p'@DOB:/=?CFR)@BCZE�M/OBHb]bOBNP= g TlHPO
WjN�@DCZO�OQCFTlCZOQCZR2YFC�<SdI@DJ2C#Hb:/@BM2:/@�J�NPR2E2WXCZOQp g pBHu@BJ�Nf@�HbR2WAdI=?CF=?HPOQd�@BJ�Nf@�J�NPp�<�CFCZR � @BHb:2YsJ2CFE��
� >^WXW5<�CtHb:/@DM/:/@[��U�NPYsJ HfT{@DJ2CFpBC�HbMkCZOBNf@DHPOBp�>X=?M/W^CZ=_CZRS@Bp_@BJ2CaOQCZo):2>^OQCZE Tl:2R/YF@D>XHbR�NPWX>X@�d @BH
OBCF=�Nf>^Rt@BODNPR/pBM�NPOQCZRS@ g <2:/@�NPWXpBH_@sNP|fCZp{R2HP@BC}HPT,@BJ2C�=?N��;>^=�:/= NPE2E2OQCZpBp{OQCFTlCFOBCZR/YZCZE�<kCFdPHbR2E
C[NfYsJt<�NfpBC g |fCZCZM/>^R2]w@DOBNPYs|�HPTn@DJ2>Xpq>^RG@DJ2CLK{NP>X|PHbR r NPpBCF=�NfMGpQ@DOQ:2YF@B:2OBCf�

��������� � �,6/�0$%���

� C � NPRS@#@BH�NfpBpBH8YZ>^Nf@DCLE�Nf@DNw~fNPWX>^E2>A@�d � >A@DJi@DJ2CLE�Nf@DN?>A@DpBCFWXT g OBNf@DJ/CZO5@DJ�NPRi@DJ/CuMkHb>^RS@BCZOq@DJ�N�@
MkHb>^RS@Dp#@DHi>X@Z�u©#R)d�R8:/=�<�CFO�HPT�M�Hb>XRS@DCZOQp{Y[NPR�MkHb>^RS@�@BH�@DJ2CwpBNP=?C}<2W^H8Ys|aHPT�E�Nf@DN g NPR/E�NfR)d
>^R;TlHbOB=?Nf@D>XHbR � C}]SNP>^RaNP<kHb:/@7@DJ2C�</W^H8Ys|i@BJ2OBHP:2]bJ�HbR/C}MkHb>^RS@DCFO g-� C � >XpBJa@BH�pBJ2NPOBC � >X@DJ�NPW^W
HP@BJ2CZO�OBCFW^CF~fNPRS@�M�HP>^RS@DCFOBpZ� z J2CZOQCFTlHbOQC g;� C	R/CZCZE�pBHb=_C#pQHbOQ@�HPT1pQ@DOQ:2YF@B:2OBC#@DJ�Nf@�NPpQpBH8YZ>^Nf@DCFp�@DJ/C
? H @ 
�m�CZWXEIHPT�N�pQ=�NfOQ@,MkHb>^RS@BCZO � >A@DJwN�pQ@BOB:2Y�@D:2OQC5YZHbRS@sNf>^R2>XR2]�>^R;TlHbOB=?Nf@D>XHbR�Nf<�Hb:;@V@DJ2Cq</W^H8Ys|k�

z J2>^p}R2CZCFE�>XpuTl:2WAm�W^WXCZE�<)d�@DJ2C�K{NP>^|fHbR r NPpQCZ=?NPM p'@DOB:/YF@D:/OBC � NfW^pBHaOBCFTlCFOBOQCZE @DH�Nfp � @DJ/C
<�NPpQCZ=?NPM��	��� z J2OQHb:2]bJ�@BJ2C�<�NPpQCZ=?NPM g @DJ2C ? H @ 
Gm2CZW^EaHPT�CF~PCZOQd�pB=?NPOQ@#M�HP>^RS@DCFO	>^p#=�NfM2M�CFE
�¥R/HbR;��:/R2>^o):2CFWXd
��@DH#NPRL>^R2p'@sNPR2YFC�HPT2N5YZW^NPpBp\YZNPW^WXCZELK{NP>X|PHbR�ªV@BOB��R/TlH �¥pQCZC�� >^]P:2OBCFp � � & NPR2E � � e ���
z J2CFpBC�p'@DOB:/YF@D:/OBCZp�YZHbRS@DNP>^R?NuOQCFTlCZOQCZR2YFC	YFHb:2RS@��¡@DJ2C#R):2=�<kCZO�HPT.pQ=�NPO'@�M�Hb>XRS@DCZOQp�@BJ�Nf@�J�N[~bC	N
<�NPpQCuCFo):�NPW¨@DHw@DJ2CL|PC�d � g NPp � CZW^W¨Nfp	N_M�Hb>XRS@DCZO #Q:2p'@	M2NPpQ@7@DJ2CLWjNfpQ@ � pBCFCZR��?CZWXCZ=_CZRS@[��� z J2CFd
YZHPR)@DNP>^RvHP@BJ2CZO5m�CZWXE2p#NPp � CFW^W g E/>^pBYF:2pBpQCZE�>XRa98CZYF@B>^HbR « � & �40 g <2:/@7@DJ2CFpBC�NfOBC�>^=_M2W^CF=?CFRS@sNf@B>^HbR
E2C�@sNP>XW^pZ� � � J2CFR N�R2C � pB=?NPO'@{M�HP>^RS@DCFO{>^p{YZHPR2pQ@BOB:2Y�@DCZE g >A@{YZOQC[Nf@BCZpuN�R2C � K{Nf>^|PHPR�ªV@DOB��R;TlH
pQ@BOB:2Y�@ g pBC�@B@D>XR2]�@BJ2C�OBC�TlYZHb:/R)@�@DH 0 g NPR/E =�Nf|PCZp�NPR CZRS@DO'd�>XR�@DJ/C�<�NPpQCZ=?NPM NPpBpQH;YF>jNf@B>^R2]
@DJ/CvpQ=�NfOQ@IMkHb>^RS@BCZO � p ? H @ 
�m�CZWXE � >A@DJ£@DJ/>^pIR2C � K{NP>X|PHbR�ªV@BOB��R/TlH2� � >X@BJ�NfR�NfpBpB>X]bR2=_CZRS@ g
pB:/<2pBYFOB>^M;@ g HbO?NPE2E2>A@D>XHbR�HbM�CFODNf@B>^HbR g N�R/C � pB=?NPOQ@_MkHb>^RS@BCZO_>^p_YZOBCZNf@DCFE.� z J2CaR/C � pB=?NPOQ@
MkHb>^RS@DCFOiW^H8Hb|)pv>A@DpQCZWXTu:2M">^R @DJ2C�<�NPpQCZ=?NPM g m�R2E/pt@DJ/C�@BJ2C�K{Nf>^|PHPR�ªV@DOB��R;TlH�=?NPE2C�<Sd >X@Bp
M2OQCZE2CFYZCZpQpBHbO g NPR2E�>XR2YZOQCZ=_CZRS@Dp�@DJ2C�OQCFTlYFHb:2RS@[� � J2CFRGC[NPYsJipQ=�NPO'@
MkHb>XR)@BCZO�>^p�E2CZp'@DOBH�dPCZE g @DJ/C
OBC�TlYZHb:/R)@w>Xp�E2CFYZOBCF=?CFRS@DCZE1� � J2CFR�NfW^W
OQCFTlCFOBCZR/YZCZp_NPOQC�E2OQHbM2MkCZE �¥> � Cf� � J/CZR£@DJ2CGOQCFTlYFHb:2RS@

� 0



� ���)���)�7	�� � G ��9@�����8&��8������5
�

���7	8��� F . ��� ;�=�= � �#$ � : 	(�����
����&�	����	���(�)�����8��
����7	
��� F . ��� ;�=�= � �#$
���7	8����
0. F ! H $ � : 	(�����
����&�	����	���(�)�����8��
����7	
����
0. F ! H $
���7	8������. ��� � ?�=�: �#$ � : 	(�����
����&�	����	���(�)�����8��
����7	
������. ��� � ?�=�: �#$

� >X]b:2OBC � � e § = ���.#G
_��&�)-���?
 >�> ��' > �����.#�����
�� > �G
��G
�'a�D�+'1%"�Y� > ���G�hb7&<)+&edf)-:Y����
_gh]ji�;

SmartPointer

Base

Index

SmartPointer

Base

Index

SmartPointer

Base

Index

H E L L O \0

W O R L D \0

1refcount

max

DaikonPtrInfo

2

DaikonPtrInfo

refcount

max

Z

Y

X

Basemap

Memory
Area

DRT

�n>^]b:2OQC � � & § k 
�'a�D�+'1%"�Y� > �"� > �G
_)�&�� > � ��(Q
�& > 
�#W��� �":"� '"(l�"�fd$)+:Y�G��
_gh]nmG;
OBCZNPYsJ2CFp VZCFOBH	� g @DJ/C�=_CZ=_HbOQd�>XpuR/HaW^HPR2]bCZOLNPE/E2OBCFpBpDNf<2W^C?<)d�@BJ2C�M2OQHb]bOBNP=?=_CZOF� z J2C�K�� z
|)R2H � p�@DJ�N�@�>XT{N�R2C � pQ=�NfOQ@�MkHb>XR)@BCZO_>^p?YZHbR2p'@DOQ:2YF@BCZE @DH MkHb>XR)@_@DH�@DJ�Nf@�<2W^H8Ys| g >X@?=�:2p'@
J�N[~bC_YZHP=?CITlOBHP=�NGR2C � G*H><I<IJ �LKNMiY[NPWXW�NPR2E�@DJ�N�@{@DJ2C_C��8@DCFRS@}pQJ2Hb:2WXE�<kCwOBCZpQCF@Z�G9;J�NfOB>^R/]
K{NP>X|PHbR�ªV@BOB��R/TlHbp	<�C�@ � CFCZR�pQ=�NfOQ@�MkHb>XR)@BCZOQp�@DJ�Nf@�J�N[~bCI@DJ2CIpBNP=_C�<�NPpQC g NPWA@DJ2Hb:/]bJ�E2> �1CFOB>^R/]
>^R/E2C��;CZp g NPWXW^H � p
NfR�H ��pBCF@
pB=?NPOQ@�MkHb>^RS@DCFO�@BHu@sNf|PC{NPE;~PNfR)@DNP]bC#HPT¨>^R/TlHPOB=?Nf@D>XHbRI]SNP>XR2CZE � J/CZR
NPR2Hf@DJ2CFO7MkHb>XR)@BCZO g M�HP>^RS@D>XR2]�@DHw@DJ2C�pBNP=?C{</W^H8Ys| g :/M�E�N�@DCZp7CZRS@BOB>^CFpqTl:2OQ@BJ2CZO5HbRv>^RG@DJ/CL</W^H8Ys| g
=?NP|)>^R2]�@BJ2CZ=�~fNPWX>^E.�

� �



� � ��� ��� 	 �

��� � ��� � � ��� ��� � � �

z J2>Xp	pBCFYF@B>^HbR�E/>^pBYF:2pBpQCZp g >^Rt]bOBCZNf@DCFO	E2C�@sNP>XW g @DJ/C}E2CFpB>^]PR�E2CZYF>^pQ>^HbR2p7@DJ�N�@ � CZOQC�=�NfE2C}E2:/OB>^R/]
@DJ/C7>X=?M/W^CZ=_CZRS@DNf@D>XHbR}HPT"�	��
 �8� � H � CFO�W^CF~PCZW�E2C�@sNP>XW^p,HPT�pB=?NPO'@�M�Hb>XRS@DCZOQp�NPR2Ew@DJ2C � <�NPpBCF=�NfM��
=_CZYsJ�NPR/>^pB= NPOBC{YFH ~PCZOQCZE g NPW^HPR2] � >X@BJiTlCZNf@D:/OBCZp5@DJ2Nf@ � CFOBCuNPE2E2CFEv@BHwCZR2J�NfR2YZCL:2pDNf<2>^WX>X@�db�

� ��� �~� � ��� � �K��

�����6���

z J2CLpQ@DNf@D>XY�NPR�NPWAd;pQ>^pqOQCZo):2>^OQCZEv<Sdi>^R2p'@DOB:/=?CFR)@DNf@D>XHbRGR2CFCZE2p#N�`q�P`q�L��TlOBHbRS@5CZR/Ea>^R/YZW^:/E2>^R2]
NwM2OBCFM2OBH8YZCFpBpBHPO g M�NPOBpQCZO g NfR2EtpQCZ=?NPRS@D>XYLYsJ/CZYs|PCFOZ� r :/>^W^E/>^R2]�HPR2CLTlOQHb= pQYZODN�@DYsJa>Xp5>^R/TlCZNPpB>X<2W^C
TlHbO	@BJ2CwpBYFHbM�CIHfT�@BJ2>^p{M/OBH$#QCFYF@[� z J2>^p{<kCZ>XR2]�@DJ2CIYZNPpBC g �#E2CFYZ>XE2CZE�@DHi<2:/>^W^E%� ��

�GH � HPT�NPR
C��;>XpQ@D>XR2]ITlOBHbRS@5CFR2E.�

�	�


��>^piNfR�C��8@BCZR2pQ>^HbR"HPTu@BJ2C�U�E/>^pBHPR�K�CFpB>^]PR �{OBHb:/M � pt`q��� TlOBHPR)@vCFR2E 	 U�K�� hbh � �
z J2CwU�K�� TlOQHbRS@{CZR/E�MkCZO'TlHbOB=_p�M2OQCZM2OQH;YFCZpQpB>^R/]vHPR�`q�L� pBHP:2OBYFC g <2:2>XW^E2p	NPR�>^RS@DCFOB=_CZE2>^Nf@DC
WjNfR2]b:�NP]PC
@DOQCZC �¥OQCFTlCFOBOBCFE_@BH�>^R�@DJ/C5U�K��ypBHb:2OQYZC7NPpV@BJ2C � � � @BOBCFC g �u<2:;@
NfW^pBH{|)R2H � R_>^RIYFHb=w�
M2>XW^CZO5@DCFOB=_>^R2HPW^Hb]Pd�NPp	@BJ2C}©#<2pQ@BODNPY�@L98d8RS@sN�� z OQCZC � g NPR/Ea@DJ2CFR�:2R2M�NfOBpBCFp�@DJ2Cu� � @DOBCFC�<�NPYs|
@DHipQHb:2OBYFCP� �	��

�iYZHbR2pQ>^p'@Dp{=_HbpQ@BWXd�HfT
NfE2E2>X@B>^HbR/p	@DHG@DJ/C_:/R2M�NPOQpB>^R/]vp'@DCFM g pB:2YsJ�@DJ�Nf@ � J/CZR
YZCFOQ@DNP>^R�C��;M2OBCFpBpQ>^HbR2pwNfOBC�C��;M�NPR2E2CFE @DHv@DC��8@ �lCP� ]2� g NtM2OQH;YFCZE2:/OBC�<kH;E;d � g >XR2pQ@BOB:2=_CZRS@sN�@D>^HPR
YZH8E2CI>Xp{NPE2E2CFE �¥YZHPR)@B>^R):2>XR2]�@DJ/CIpDNP=_C�C��/NP=_M2WXC g Hb:;@DM2:/@{Tl:/R2YF@B>^HbR�p'@sNf@BCZ=_CZRS@Dp�NPOQCINPE2E/CZE
<kCFTlHbOQCuNfR2EvNfT¡@DCFO5@BJ2C�M2OBH8YZCFE2:2OQCL<kH8E/dG>^pqHP:/@DM2:;@ ���

z J2CuU�K��¦`q��� TlOBHbRS@5CFR2EtYFHbR/TlHbOQ=?p+@BHI@DJ2C�© � 9;�q`q����pQ@sNfR2E�NPOQE g NPYZYFCZM/@B>^R2]w© � 9;�
`q���¤>^R2M/:/@�NfR2EaM2OQH;E/:2YZ>XR2]?© � 9;�7`q���¤Hb:;@DM2:/@Z�q©	p#=�NPRSdi© � 9;�5`�M/OBHb]bOBNP=_p#NfOBCuNPW^pQH
© � 9;�I`q��� M2OBHb]PODNP=_p g �	��
 ��J�NPR2E2WXCZp_N�WjNPOQ]bC�pQ:2<2pBC�@_HPT#@BJ2Ci© � 9;�I` WjNPR/]b:�NP]bC � � >X@BJ
@DJ/CGR2HP@sNf<2W^C?C��;YZCFM/@D>XHbR�HPT#` M/OBHb]bOBNP=_pu@DJ2Nf@IJ�N[~bCGWXH;YZNPW�E2CFm�R/>X@D>XHbR2p�HfTq@DHb|fCZR2pI@DJ2Nf@wNPOQC

�P«



|PC�d � HbOQE2pa>XR @DJ2C�© � 9;��`q�L� E2CFm2R2>X@B>^HbR g CP� ]2� g ?�JIJ#< ���%caNPRSd HbWXE2CZOv` M2OBHb]PODNP=_pGNPOQC
� OB>A@B@BCZR >XR N�E2>^NPW^CFYF@?HPTu` Y[NPWXW^CZE ��� � �lTlHbO � CZOQR2>^]bJ2NPR NPR2E �5>X@BYsJ2>^C 	 � � O(O � � g+� J/>^YsJ
�	��
 �wE/H;CFp#R2Hf@	J�NfR2E2W^Cf� �7H � CF~PCZO g NwM2OBHb]PODNP= YZNPW^WXCZE��>B J A J>=�� 
 	 ��:/> � >Xp5TlOQCZCuNPR2E � >^E2CFWXd
N[~fNP>^W^NP<2W^C � J2>^YsJvMkCZOQTlHPOB=_pqYZHbRS~bCFOBpQ>^HbR2p5TlOBHP=�@DJ2C ��� ��E2>^NPW^CFYF@+@BH_© � 9;�s�

� � � ��� � �,���5���
���*����
"�

��R2YZC�YZH8E2C�>^pu>^R2p'@DOQ:2=?CFRS@DCZE g >X@u=�:2pQ@�<�C�YFHb=_M2>^WXCZE�NPR2E @DJ/CZR£C��;CFYZ:/@BCZE.� z J2>^puOBCFo8:/>^OBCFp
@DJ2Nf@�N�`q���yYFHb=?M/>^W^CFO g NPp � CZW^W2NPp,pQd8pQ@BCZ=�WX>^<2OBNPOQdLJ2CZNPE2CFOBp g <kCq>^R2p'@sNPWXW^CFE}HbRI@DJ/C+:2pBCFO � p�=�N��
YsJ2>XR2CP� r CFY[NP:2pQC�HPTnNPOBYsJ2>A@DCFYF@D:/OBC{E2> �1CFOBCZR/YZCZp7NPR/E�@DJ2C � >XE2CZpQM2OBCZNPEtM/ODNPY�@D>^YFC�HPT0M2OQHbM2OB>XCF@DNPOQd
C��8@BCZR2pQ>^HbR2p,@BH�@DJ2C7`q�b`q��� WjNPR2]P:�NP]bCFp g @BJ2CZOQC#NfOBC
~PCZOQd}TlC � �l>XTkNPRSd
� YZHP=?M2>XW^CFOBpVNfR2E_NPYZYFHb=w�
M�NPRSd8>^R/]GpQd8pQ@BCZ=�WX>^<2OBNPOB>XCZp5@DJ�N�@{NPOQC � OB>A@B@DCFR�>^RaCZRS@D>XOBCZWAdv© � 98��`	� ��>A~bCZRt@DJ2>Xp�W^>X=?>A@sNf@B>^HbR g
�7YsJ2HbpBCI@BHi@DNPOB]PCF@�NGpBMkCZYF>Xm�YwYFHb=?M/>^W^CFO�NPR/E�pQCF@�HPT�pQd8p'@DCZ=�WX>^<2OBNPOQdvJ2CZNPE2CFOBp g @BHtN[~PHb>^E�@DJ/C
=?NPpBpQ>X~bC_NP=_Hb:2RS@{HfT � HbOB|a>^RS~bHbWA~bCFE�>X=?M2WXCZ=_CZRS@D>XR2] � HbOB|�NPOQHb:2R2E/p�TlHPO{=�:2WX@B>^M2WXCuYFHb=_M2>^WXCZOBp
NPR2E�=�:/WX@D>XM2W^C?pBC�@DpwHPT7pQd8pQ@BCZ= WX>^<2OBNPOQd�J2C[NfE2CZOQpZ� ; �	��~bCFOBpQ>^HbR � � 3 & � «a� NPpwYsJ2HPpBCZR�NPpI@DJ/C
@sNfOB]bC�@�YFHb=_M2>^WXCZO,<kCZY[Nf:2pBC#HPT.>A@Dp � >^E2CFpBM2OQC[NPE�N�~fNP>XWjNP</>^W^>A@�dLNPR2E_@DJ2C5T¥NPYF@�@DJ2Nf@�>X@ � p,TlOBCFCP� �	��
 �
>^p � OB>A@B@BCZR?@BH}M2OQH;E/:2YZC#>^R2p'@DOB:/=?CFR)@BCZE?YZH8E2C#@BJ�Nf@�Y[NPR?<�C#YZHb=_M2>^WXCZE � >X@BJ ; �	� g NPR2E?OBCFo8:/>^OBCFp
>^R_T¥NPYF@�@DJ�N�@ ; �	�u<kC	>XR2pQ@DNPW^WXCZE g NPp��	�


�uY[NPWXW^p ; � ��@BH�E2CF@BCZOQ=?>XR2C7@BJ2C�p'd;p'@DCF= >XR2YZWX:2E2C	M2Nf@DJ.�

z J2C?U�K�� TlOBHbRS@�CFR2E�E/H;CFp�Tl:/W^W M/OBCZM/OBH8YZCZpQpB>XR2]��lC��;M�NPR/pB>^HPR�HPT�=?NPYZOQHbp�NPR2E	� =DC � <�� ��

E2>XOBCZY�@D>A~bCZp ��HfT+>^R/M2:/@LpBHb:/OBYZC g � J2>XYsJ�>^p�R2CFYZCFpBpDNfOQd�TlHbO�>X@�@DHvYZHbR/pQ@DOQ:2YF@}>X@BpL� � @DOBCFCP�G© pBC�@
HPT7pQd8p'@DCZ= WX>^<2OBNPOQd�J2CZNPE2CFOBpw>^p�R/CZYZCFpBpBNPOQd£@BH�C��;M�NPR2E�@DJ/C
� =DC � <�� ��
�E2>XOBCFYF@D>A~bCFpZ�£9)d;p'@DCF=
W^>X<2ODNfOQd�J2CZNPE2CZOQpwYZHbRS@sNf>^R�Tl:2R/YF@D>XHbR pQ>^]bR�N�@D:2OQCZpwNPR2E£R/HbR;��M/OB>^=_>X@B>X~PCw@�d8MkCGE2CFm2R2>X@B>^HbR2pL@DJ�N�@
NPOQCGR2CZYFCZpBpBNPOQd£TlHPOwU�K�� @DH�YZHPOBOBCFYF@BWXd M2NPOBpQCi@BJ2CGpBHP:2OBYFCP� � J2CFR�OQ:2R g � ��

��E2C�@DCFOB=_>^R2CFp
@DJ/C#WXH;YZNf@D>XHbRwHPT.@DJ/C#p'd;p'@DCF= WX>^<2OBNPOQdIJ/C[NPE2CFOBp�<)d_C��/CFYZ:/@B>^R2] ; �	� ��� ��
��lTlHbO�~bCFOB<kHbpB>A@�d�NfR2E
M2OQCZM2OQH;YFCZpBpQ>^R2]���HbR2WAd
�5HbR�NPRaCF=?M/@�dvpQHb:2OBYFCum�WXC g NPR2EtY[NPM/@B:2OB>XR2]?@BJ2C}HP:/@DM2:;@[� ; � �_Hb:;@DM2:/@Bp
@DJ/CqW^H8Y[Nf@B>^HbRuHPT-@DJ2C+p'd8pQ@DCF= W^>X<2ODNPO'dLJ2C[NPE/CZOBp�NfYZYZHPOBE2>XR2]�@DH{>A@DpVH � RwYZHbR;m�]b:2OBNf@D>XHbR}m�WXCZp g NfR2E
�	��
 �+>^R2YFHbOBMkHbODN�@DCZp.@BJ2>^p\>XRS@DHq>X@Bp\H � RuE�N�@sNqpQ@BOB:2Y�@D:2OQCZpZ� z J2CZR g � J2CFR}NPR�� =DC � <�� ��
	E2>^OQCZYF@B>X~PC
>^pqCFR2YZHP:2RS@DCZOQCZE g �	��
 ��Y[NPRim�R2Ei@DJ2CLNPM/M2OBHbM/OB>jN�@DC{pQd8p'@DCZ= WX>^<2OBNPOQd?J2C[NfE2CZOq@DHw>XR2YZWX:2E2CP�

�fe



� � � ����� � � ��34��� ��% �6���5�*����
"�

caNPRSd�`q�b`q��� M2OBHP]bODNP=_p_NPOBCvW^>XR2|PCFE�@BH�C��;@BCZOQR�NPW	WX>^<2OBNPOB>XCZpIpQ:2YsJ NPp <>=�? � gq� J2>^YsJ�=�N[d
C��;>XpQ@�HbR2WAda>XR�<2>^R2NPOQdvTlHbOB=v�u9;>^R/YZC �	��

�GR2CZCFE2p{@DHG=_H;E/>XT¡dvpBHb:/OBYZCwYFH;E2Cu@DHiYsJ�NPR2]PCIM2OB>X=w�
>X@B>X~PC�M�HP>^RS@DCFOBp�@DHipQ=�NPO'@�M�HP>^RS@DCFOBp g </>^R�NPO'dS��HbR2WAdaWX>^<2OBNPOB>XCZp#Y[NPR2R/HP@�<�CI>XR2pQ@BOB:2=_CZRS@BCZE.�I©#R)d
HbMkCZOBNf@D>XHbR�HbR�=?CF=?HbO'da@BJ�Nf@�H8YZYZ:/OBpL>^R2pQ>^E2C�@BJ2CZpQC_WX>^<2OBNPOB>XCZp�YZNPR2R2Hf@u<kCI@DOBNPYs|PCFE�<Sd�pB=?NPOQ@
MkHb>^RS@DCFOBp g pQH � >A@DJ2HP:/@vN =?CFYsJ�NPR2>XpB= @DJ�Nf@G@DNP|PCFpi>^RS@DH�NPYFYZHb:/R)@G@BJ2C�pBCF=�NfR)@B>^YFpGHPTu@BJ2CZpQC
W^>X<2ODNfOQd_Tl:2R2YF@B>^HbR/p g >^R;TlHbOB=?Nf@D>XHbR�Nf<�Hb:;@q@DJ2CFpBCL=?CF=?HbO'd�<2WXH;Ys|)p5Y[NfRv<kCZYFHb=_CL>XR�NPYFYZ:2OBNf@DCf�

��R2pQ@BOB:2=_CZRS@BCZE}M/OBHb]bOBNP=_p1pQ@B>^WXWPHbMkCZOBNf@DCVYFHbOBOQCZY�@DWXd � J2CZRL>^RS@BCZOQT¥NfYZ>^R/] � >X@DJ{R/HbR;��>XR2pQ@BOB:2=_CZRS@BCZE
W^>X<2ODNfOB>^CFpZ� �	��
 �t@DOBNPR2pQTlHPOB=_pwNPW^W�pB=?NPOQ@�M�Hb>XRS@DCZOQpI>^RS@DH�HPOBE2>XR�NPOQd�MkHb>^RS@DCFOBp�<kCFTlHPOBCGM�NPpQpB>XR2]
@DJ/CZ= Nfp�NPOB]b:/=?CFR)@Bp	@DHG:/R2>^R2p'@DOQ:2=?CFRS@DCZE�Tl:2R2Y�@D>XHbR2pZ� �#H � CF~PCZO g >AT
N�MkHb>XR)@BCZO�>Xp	M�NfpBpBCFE�@BH
NPR?:2R2>^R/pQ@DOQ:2=_CZRS@DCFE�Tl:2R2Y�@D>^HPR g NfR2E?@BJ2C#Tl:2R/YF@D>XHbR�=_H8E2>Xm�CFp,@DJ2C#M�Hb>XRS@DCZE8��@DHLE�Nf@DN g @DJ2C#K�� z
J�NPp7R2H � N[dvHPT�NP:;@DHb=?Nf@D>XY[NPWXWXd_|)R2H � >^R2]_@DH � J�Nf@#C��8@DCFR)@#@DJ2CLE�Nf@DN?>Xp7R/H � ~fNPWX>^E.���+>X=?M2WXC��
=_CZRS@DCFEGN � HbOB|�NPOQHb:2R2E?TlHbO�@BJ2>^p�TlHbO�YZCZO'@sNP>XR <>=D? �LTl:/R2YF@B>^HbR2pF� �	�


�uE2H8CZp
pQHb:2OQYZC	OQC � OQ>X@D>XR2] g
OBCFM2WjNfYZ>^R/]�Y[NPWXW^p @BH <>=�? �#Tl:2R2YF@B>^HbR/p � >X@DJIYZNPW^WXpn@BH � ODNPM2MkCZO,Tl:2R/YF@D>XHbR2p @BJ�Nf@,YZNPW^W8@DJ2CqHPOB>^]P>^R�NPW g
@DJ/CZRv:2M�E2Nf@DC{@DJ/CL<2NPpBCF=�NPMtNPYFYZHbOQE2>^R2]I@BH_|)R2H � WXCZE2]bCLNP<kHb:/@q@BJ2C�C���CZY�@Dp7HPTn@BJ2C{Tl:2R2Y�@D>^HPR.�

� ��� ��� �	��

����������� ����� �}�¨� ���{��&1��� 
���6

��HbOLC[NPYsJ Tl:2R/YF@D>XHbR�TlOQHb= @DJ/C <>=D? �tJ2CZNPE2CZOum�W^C @�A>B =DC>;,E F�g � � OBHf@DC�N � ODNPM/M�CFOuTl:2R2Y�@D>XHbR
@DJ2Nf@VYZNPW^WXpn@DJ/C
M2OQHbM�CFO Tl:2R2Y�@D>XHbR g @BJ2CZRw:2MkE�Nf@BCZp @BJ2C+<�NfpBCZ=?NPM � >A@DJ}@BJ2C
~fNPWX>^E}C��8@DCZRS@�HPT-CZNPYsJ
pQ@BOB>XR2]}NfOB]b:2=_CZRS@ � NfR2E?H8YZYZNPpB>XHbR�NPWXWXd g @DJ2C5OQCF@D:/OBR?~fNPWX:2C ��� z J2C7pQ@BOB>^R/]�Tl:/R2YF@B>^HbR2p�>^RwM�NfOQ@D>XYZ:;�
WjNfO�OQCZo):2>^OQC#@BJ2>^p g <kCZY[Nf:2pBC{NfW^=_HbpQ@
NPW^W-HPT\@BJ2CZ=%=_H;E2>AT¡dIMkHb>^RS@DCFE;��@BH}E�N�@sN}>XR�N � N[d�@DJ2Nf@+YZNPR
YsJ�NPR/]bCI@DJ2CI~fNPW^>XE�C��8@BCZRS@ � @�A>B � H A K M g TlHbO�C��/NP=_M2WXC g YZHPR2Y[Nf@BCZR�N�@DCZpLpQ@BOB>XR2]bp�@DHP]bCF@BJ2CZO g NfR2E
@DJ):2pLC��8@BCZR2E2pL@DJ2C_OBCZNPYsJ�HfT
@DJ/C_E/CZpQ@B>^R�N�@D>^HPR�p'@DOB>XR2]	��� � :2Ys|)>XWXd g pQ@BOB>XR2]GTl:2R2YF@B>^HbR/p}NPOQC_NPW^pQH
pB>X=?M/W^C	@BH � OQ>X@DC{>XR2pQ@BOB:2=_CZRS@BCZE � ODNPM2MkCZOQp7TlHPO g <kCZYZNP:2pBCLHPT0@DJ2C�|)R2H � W^CFE2]bC�@DJ�N�@q@DJ2CLpQ@BOB>^R/]
NPOQ]b:2=_CZRS@Dp � >XW^W8<�C"VZCZOQHf��@BCZOQ=?>XR�Nf@DCFE.�,98CZC � >X]b:2OBC « � 0�TlHbO,NPRIC��2Nf=?M2WXC
HPT�N � OBNPM2MkCZEwpQ@BOB>^R/]
Tl:2R2Y�@D>XHbR.�

� &



f o o \0

max_seen

f o o \0

max_seen

f o o \0

max_seen

DaikonSmartPointer<char> daikon_feel_out_string(const char *s) {
  if (daikonBasemap[s]) {
    daikonBasemap[s].max_seen =
      max(daikonBasemap[s].max_seen, s + strlen(s) + 1);
  }
}

DaikonSmartPointer<char> DAIKON_strdup (DaikonSmartPointer<char> s) {

}

DaikonSmartPointer<char> retval = strdup(s);

daikon_feel_out_string(s);

return daikon_feel_out_string(retval); f o o \0

max_seen

f o o \0

max_seen

f o o \0

max_seen

f o o \0

max_seen

(return value) (s)
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DaikonSmartPointer<char> p1, p2;
char c;
const char *str = "string";

p2 = NULL;

p2  = p1 + 1;

c = p1[2];

p1 = str;

c = *p2;

c r s t r i n gstrbase   index
p2

base   index
p1

c rbase   index
p2

base   index
p1

s t r i n gstr

c t s t r i n gstrbase   index
p2

base   index
p1

c t s t r i n gstrbase   index
p2

base   index
p1

c s t r i n gstrbase   index
p2

base   index
p1

c s t r i n gstrbase   index
p2

base   index
p1

daikonBasemap[str]

modbit

max_seen

refcount

1

2

daikonBasemap[str]

modbit

max_seen

refcount

1

1

daikonBasemap[str]

modbit

max_seen

refcount

1

1

daikonBasemap[str]

modbit

max_seen

refcount

1

2

daikonBasemap[str]

modbit

max_seen

refcount

1

1

/* p1.base = p1.index = str;
    new basemap entry created:
    daikonBasemap[p1.base] = {
      modbit = 1,
      max_seen = str,
      refcount = 1
    } */

/* p1.operator[](2) returns ’r’,
    updates basemap:
    daikonBasemap[p1.base].max_seen =
      max(daikonBasemap[p1.base].max_seen,
               (p1.index+2)+1); */

/* p1.operator+(1) updates basemap:
    daikonBasemap[p1.base].max_seen =
      max(daikonBasemap[p1.base].max_seen,

    p2.base = p1.base; p2.index = p1.index + 1;
    p2 constructor updates basemap:
    daikonBasemap[p2.base].refcount++; */

               (p1.index+1)+1);

/* p2.operator*() returns ’t’, updates basemap:
    daikonBasemap[p2.base].max_seen =
      max(daikonBasemap[p2.base].max_seen,
               p2.index+1); */

/* p2.operator=(NULL) updates basemap:
    daikonBasemap[p2.base].refcount−−;
    p2.base = p2.index = NULL; */
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int leeway0

bool from_mallocT

F bool unformatted_block

int birthcount1

DaikonDP dest

DaikonCP copy
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void *max_seen

int refcount

1 int modbit

void *bounds
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A n o t h e r \0s t r i gn

void uninistrumented_function(char **arg) {
    printf("%s\n", arg[0]);
    printf("%s\n", arg[1]);
    printf("%s\n", arg[2]);
}
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A string
(null)
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Another string
And another
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DaikonSmartPointer<char>[3] char *[3]
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