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�� ���B�C�C�N�™�B�G�T�C���G�L�R�M���R�F�C���U�M�P�I�ÿ�M�U���R�F�?�R���R�S�P�L�Q���� �J�?�S�B�C���D�P�M�K���?���A�M�B�C���E�C�L�C�P�?�R�M�P���G�L�R�M���?���P�C�J�G�?�@�J�C

�C�L�E�G�L�C�C�P�G�L�E���N�?�P�R�L�C�P�˜

�Ã�Ã���� �F�C���� �C�?�J�™�� �M�P�J�B���� �P�M�M�D

�÷�����G�L�A�C���
���Q�R�?�P�R�C�B���S�Q�G�L�E���� �� �� ���?�A�P�M�Q�Q���?�J�J���K�W���N�P�M�H�C�A�R�Q�”���
���F�?�T�C���L�M�R���F�G�R���� �J�?�S�B�C�¥�Q���S�Q�?�E�C���J�G�K�G�R�Q

�M�L�A�C�”���L�M�R���C�T�C�L���A�J�M�Q�C�˜

�÷���� ���R�W�N�G�A�?�J���Q�C�Q�Q�G�M�L�–���Ê�Ì�í ���A�S�P�P�C�L�R���S�Q�?�E�C�”���Ê�Ò�í ���U�C�C�I�J�W��̃��� �S�L�L�G�L�E���K�S�J�R�G�N�J�C���� ������ �M�B�C

�U�G�L�B�M�U�Q���U�G�R�F���K�S�J�R�G�N�J�C���� �J�?�S�B�C���� �M�B�C���R�C�P�K�G�L�?�J�Q���Q�G�K�S�J�R�?�L�C�M�S�Q�J�W�”���C�T�C�P�W���Q�G�L�E�J�C���B�?�W�˜

�÷���� �C�D�M�P�C���� �� �� �”���
���U�?�Q���@�S�P�L�G�L�E���R�F�P�M�S�E�F���A�M�L�R�C�V�R���A�M�L�Q�R�?�L�R�J�W�”���� �J�?�S�B�C���J�M�Q�G�L�E���R�P�?�A�I�”

�P�C�U�P�G�R�G�L�E���R�F�G�L�E�Q���G�R���H�S�Q�R���U�P�M�R�C�”���F�?�J�J�S�A�G�L�?�R�G�L�E���G�L�R�C�E�P�?�R�G�M�L�Q���R�F�?�R���B�G�B�L�¥�R���C�V�G�Q�R��̃��	 �T�C�P�W���Q�C�Q�Q�G�M�L

�Q�R�?�P�R�C�B���M�T�C�P���D�P�M�K���Q�A�P�?�R�A�F��̃��� �F�C���S�Q�?�E�C���U�M�S�J�B���Q�N�G�I�C���@�C�A�?�S�Q�C���� �J�?�S�B�C���U�?�Q���Q�N�G�L�L�G�L�E���G�R�Q

�U�F�C�C�J�Q���P�C�B�M�G�L�E���U�M�P�I���G�R���F�?�B���?�J�P�C�?�B�W���B�M�L�C�˜

�÷���� �D�R�C�P���� �� �� �”���R�F�C���Q�C�Q�Q�G�M�L�Q���?�P�C���R�G�E�F�R�C�P��̃��� �J�?�S�B�C���P�C�?�B�Q���R�F�C���B�M�A�”���I�L�M�U�Q���C�V�?�A�R�J�W���U�F�?�R���U�?�Q

�@�S�G�J�R���?�L�B���U�F�W�”���?�L�B���E�C�R�Q���Q�R�P�?�G�E�F�R���R�M���U�M�P�I��̃��� �F�C���M�S�R�N�S�R���O�S�?�J�G�R�W���G�Q���L�G�E�F�R���?�L�B���B�?�W��̃��� �F�C

�R�M�I�C�L���C�� �A�G�C�L�A�W���D�M�J�J�M�U�Q���L�?�R�S�P�?�J�J�W�˜

�÷���� �F�G�Q���G�Q�L�¥�R���?���A�M�G�L�A�G�B�C�L�A�C��̃��� �F�C�L���� �J�?�S�B�C���F�?�Q���Q�R�P�S�A�R�S�P�C�B���N�P�M�H�C�A�R���K�C�K�M�P�W���R�M���U�M�P�I���D�P�M�K�”

�G�R���Q�R�M�N�Q���E�S�C�Q�Q�G�L�E���?�L�B���Q�R�?�P�R�Q���C�L�E�G�L�C�C�P�G�L�E�˜

THE PROBLEM WITH "JUST USING CLAUDE"

� CPC¥Q�?�QACL?PGM�RF?R�NPM@?@JW�QMSLBQ�D?K GJG?P̃�� MS�BCQAPG@C�?�DC?RSPC”�� J?SBC�UPGRCQ

AMBC”�RFC�AMBC�AMK NGJCQ”�RFC�RCQRQ�N?QQ”�?LB�CTCPWRFGLE�DCCJQ�EPC?R̃�� FCL�QGV�UCCI Q�J?RCP

QMK CRFGLE�@PC?I Q�GL�?�U?W�RF?R�K ?I CQ�LM�QCLQC̃�� P�� J?SBC�AMLþBCLRJW�PCUPGRCQ�?

DSLARGML�RF?R�U?Q�OSGCRJW�FMJBGLE�RFPCC�MRFCP�DC?RSPCQ�RMECRFCP̃�� P�WMS�?QI �?@MSR�?

NGCAC�MD�DSLARGML?JGRW�WMS�@SGJR�RMECRFCP�J?QR�K MLRF”�?LB�� J?SBC�F?Q�LM�GBC?�UF?R

WMS¥PC�R?JI GLE�?@MSR�@CA?SQC�RF?R�AMLRCVR�T?LGQFCB�RFC�K MK CLR�WMS�AJMQCB�RFC�R?@̃

� FGQ�GQL¥R�?�ÿSI C̃�
R¥Q�RFC�L?RSPC�MD�FMU�� J?SBC�UMPI Q̃�� J?SBC�GQ�?�AMLRCVR™UGLBMU™

QAMNCB�AMJJ?@MP?RMP̃�
R�I LMUQ�UF?R�WMS�RMJB�GR�RMB?W̃�
R�F?Q�LM�K CK MPW�MD�UF?R�WMS

BCAGBCB�J?QR�UCCI ”�LM�SLBCPQR?LBGLE�MD�FMU�DC?RSPCQ�BCNCLB�ML�C?AF�MRFCP”�LM�QR?I C�GL
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UF?R�F?NNCLQ�?DRCP�RFC�AMLTCPQ?RGML�CLBQ̃�� FCL�WMS�AJMQC�RFC�R?@”�?JJ�RF?R

?AASK SJ?RCB�AMLRCVR”�RFC�RP?BCM� Q�WMS�BGQASQQCB”�RFC�CBEC�A?QCQ�WMS�?AAMSLRCB�DMP”�RFC

?PAFGRCARSPC�BCAGQGMLQ�WMS�K ?BC”�HSQR�BGQ?NNC?PQ̃

� � � � �́ ?LS?J™
 GPQR�� CTCJMNK CLRµ�GQ�@SGJR�QNCAGþA?JJW�RM�QMJTC�RFGQ�NPM@JCK �̃
R¥Q�?

QRPSARSPCB�UMPI ÿMU�RF?R�RP?BCQ�RFC�GJJSQGML�MD�QNCCB�DMP�?ARS?J�PCJG?@GJGRW̃�� FC�AMPC

GBC?�GQ�RF?R�BMASK CLR?RGML�GQL¥R�MTCPFC?B”�GR¥Q�RFC�K CAF?LGQK �@W�UFGAF�� J?SBC

?AASK SJ?RCQ�NPMHCAR�K CK MPW�RF?R�QSPTGTCQ�?APMQQ�QCQQGMLQ̃�
R¥Q�?JQM�FMU�WMS”�RFC

FSK ?L”�QR?W�GL�AMLRPMJ�MD�UF?R�?ARS?JJW�ECRQ�@SGJR̃

WHAT MDD IS (AND ISN'T)

� � � �GQ�LMR�?�BMASK CLR?RGML�DP?K CUMPI �̃
R¥Q�LMR�?�NPMACQQ�DMP�UPGRGLE�QNCAQ�@CDMPC

AMBC̃�
R¥Q�LMR�?�@SPC?SAP?RGA�E?RC�BCQGELCB�RM�QJMU�WMS�BMUL˜


R¥Q�?�QF?PCB�UMPI GLE�K MBCJ�@CRUCCL�WMS�?LB�� J?SBC̃�	 TCPW�DC?RSPC�WMS�@SGJB�APC?RCQ�?

QRPSARSPCB�BMASK CLR�A?NRSPGLE�GLRCLR”�B?R?�ÿMU”�AMLRP?ARQ”�?LB�I LMUL�CBEC�A?QCQ̃

� F?R�BMASK CLR�@CAMK CQ�� J?SBC¥Q�K CK MPW̃�� FCL�WMS�AMK C�@?AI �RFPCC�UCCI Q�J?RCP”

� J?SBC�BMCQL¥R�QR?PR�DPMK �QAP?RAF”�GR�PC?BQ�RFC�BMA�?LB�NGAI Q�SN�CV?ARJW�UFCPC�WMS�JCDR

M� �̃� FCL�QMK CRFGLE�@PC?I Q”�RFC�BMA�RCJJQ�WMS�UF?R�GR�U?Q�QSNNMQCB�RM�BM̃�� FCL�?�LCU

DC?RSPC�LCCBQ�RM�GLRCEP?RC�UGRF�?L�MJB�MLC”�RFC�BMA�RCJJQ�� J?SBC�CV?ARJW�UF?R�AMLRP?ARQ

GR¥Q�UMPI GLE�UGRF˜

� FC�UMPI ÿMU�QFGNQ�?Q�RFC� �b�� �� �� �AMK K ?LB�GLQGBC�RFC�� J?SBC�� MBC�� ?QRCPW�� PMHCAR

� R?PRCP�� GR”�@SR�RFC�AMLACNRQ�?NNJW�?LWUFCPC�WMS¥PC�SQGLE�� J?SBC�DMP�QCPGMSQ

BCTCJMNK CLR̃

THE CORE LOOP: DOCUMENT, AUDIT, FIX, VERIFY

	 TCPW�� � � �GLRCP?ARGML�DMJJMUQ�DMSP�NF?QCQ̃�� LAC�WMS�SLBCPQR?LB�RFGQ�JMMN”

CTCPWRFGLE�CJQC�GL�RFC�UMPI ÿMU�K ?I CQ�QCLQC̃

� MASK CLR�þPQR̃�� CDMPC�?LW�AMBC�GQ�UPGRRCL”�� � � �APC?RCQ�?�QRPSARSPCB�BMASK CLR

BCQAPG@GLE�RFC�DC?RSPC–�GRQ�NSPNMQC”�B?R?�K MBCJ”�� � 
 �AMLRP?ARQ”�@SQGLCQQ�PSJCQ”�I LMUL

CBEC�A?QCQ”�?LB�UFGAF�MRFCP�DC?RSPCQ�GR�BCNCLBQ�ML �̃� FGQ�GQL¥R�?�BP?DR�RF?R�ECRQ�RFPMUL
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?U?W”�GR�@CAMK CQ�RFC�QMSPAC�MD�RPSRF�RF?R�?JJ�QS@QCOSCLR�UMPI �ECRQ�K C?QSPCB�?E?GLQR̃

� SBGR�RFC�PCQSJR̃�� DRCP�GK NJCK CLR?RGML”�� � � �?SBGRQ�RFC�AMBC�?E?GLQR�RFC

BMASK CLR?RGML �̃� MRF�WMS�?LB�� J?SBC�F?TC�?�AJC?P�NGARSPC�MD�UF?R�¦AMPPCAR¦�K C?LQ̃

� GQAPCN?LAGCQ�@CRUCCL�UF?R�RFC�BMA�Q?WQ�?LB�UF?R�RFC�AMBC�BMCQ�?PC�þLBGLEQ”�LMR

BC@?RCQ̃


 GV�?E?GLQR�RFC�BMÃ�� FCL�þVCQ�?PC�LCCBCB”�� J?SBC�UMPI Q�?E?GLQR�RFC�BMASK CLRCB

QNCÃ�� CQRQ�?PC�LCTCP�K MBGþCB�RM�K ?I C�AMBC�N?QQ”�AMBC�GQ�K MBGþCB�RM�Q?RGQDW�RFC�QNCÃ�
D

RFC�QNCA�QCCK Q�UPMLE”�RFC�BMA�ECRQ�SNB?RCB�þPQR”�RFCL�RFC�AMBC�DMJJMUQ̃�� FC�MPBCP

K ?RRCPQ̃

� CPGDW�?E?GLQR�PC?JGRW̃�� � � �BMCQL¥R�AMLQGBCP�?�DC?RSPC�BMLC�UFCL�RCQRQ�N?QQ̃�
R

PCOSGPCQ�GLRCEP?RGML�TCPGþA?RGML�?E?GLQR�RFC�PC?J�PSLRGK C�CLTGPMLK CLR–�?ARS?J�� � � �

A?JJQ”�PC?J�B?R?@?QC�UPGRCQ”�?ARS?J�@PMUQCP�@CF?TGMP̃�¦ � CQRQ�N?QQ¦�GQ�LMR�RFC�þLGQF�JGLC̃

THE �G�( �� �� �b DIRECTORY: WHERE PROJECT MEMORY
LIVES

� FC�þPQR�RGK C�WMS�PSL� �b�� �� �� �GL�?�NPMHCAR”�� � � �APC?RCQ�?� �G�� �� �� �b�BGPCARMPW�UGRF�RFPCC

QS@BGPCARMPGCQ–

�G�� �� �� �b

	s	W	W�� �� �� �� �� �b�� �� �� �� �� �� �� �� �� �� �t�� �!�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �
 �� �� �� �� �
 �
 �� �� �� �\�� �	 �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �	 �]

	s	W	W�� �� �� �� �
 �� �� �b�� �� �� �� �� �� �� �� �t�� �� �� �� �
 �� �� �� �� �� �� �� �� �� �J�� �� �� �
 �� �� �� �� �� �� �� �� �J�� �� �
 �� �� �� �� �� �� �
 �� �� �� ��

	k	W	W�� �� �� �� �b�� �� �� �� �� �� �� �� �� �� �� �t�� �� �� �� �
 �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��


R�?JQM�APC?RCQ� �G�� �� �� �b�G�� �� �� �� �� �� �� �G�� �� ”�?L�?SRMK ?RGA?JJW�K ?GLR?GLCB�NPMHCAR�QL?NQFMR̃

	 TCPW�RGK C�WMS�PSL�?LW�� � � �AMK K ?LB”�RFGQ�þJC�ECRQ�PC@SGJR�UGRF�DPCQF�B?R?–�UFGAF

DC?RSPCQ�?PC�BMASK CLRCB�?LB�?R�UF?R�QR?RSQ”�UFCL�RFC�J?QR�?SBGR�P?L�?LB�UF?R�GR�DMSLB”

UFGAF�@P?LAFCQ�?PC�?ARGTC̃�� FGQ�GQ�UF?R�ECRQ�GLHCARCB�GLRM�CTCPW�LCU�� J?SBC�QCQQGML”�QM

� J?SBC�GK K CBG?RCJW�SLBCPQR?LBQ�RFC�QR?RC�MD�RFC�NPMHCAR�UGRFMSR�WMS�F?TGLE�RM�CVNJ?GL

GR̃
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� FC� �� �� �� �
 �� �� �b�BGPCARMPW�GQ�EGR™GELMPCB�@W�BCD?SJR̃�� � � �?BBQ�GR�RM� �G�� �
 �� �
 �� �� �� �� ��

?SRMK ?RGA?JJW”�@CA?SQC�?SBGR�PCNMPRQ�?PC�CNFCK CP?J�?LB�PCECLCP?RCB�ML�BCK ?LB̃�� MS

BML¥R�U?LR�BMXCLQ�MD�RGK CQR?K NCB�?SBGR�þJCQ�AJSRRCPGLE�WMSP�EGR�FGQRMPW̃

BUILD MODE: BUILDING FEATURES THE RIGHT WAY

� FC�BCD?SJR�K MBC”�?ARGT?RCB�@W�PSLLGLE� �b�� �� �� �� ”�GQ�� SGJB�� MBC̃�� FGQ�GQ�UFCPC�WMS¥JJ

QNCLB�K MQR�MD�WMSP�RGK C̃

�2�� �� �� �� �� �� �� �� �$�� �� �
 �� �� �
 �� �� �� �\�.�� �� �� �� �6�]

� FC�þPQR�RFGLE�� � � �BMCQ�GQ�M� CP�RM�APC?RC�?�UMPI RPCC̃�� �UMPI RPCC�GQ�?�QCN?P?RC

AFCAI MSR�MD�RFC�PCNMQGRMPW�GL�?�QG@JGLE�BGPCARMPW�UGRF�GRQ�MUL�@P?LAF �̃� FGQ�JCRQ�WMS�PSL

K SJRGNJC� �b�� �� �� �QCQQGMLQ�GL�N?P?JJCJ�UGRFMSR�RFCK �QRCNNGLE�ML�C?AF�MRFCP̃�� CQQGML�� �GQ

@SGJBGLE�RFC�?SRF�QWQRCK �UFGJC�� CQQGML�� �GQ�@SGJBGLE�RFC�N?WK CLR�ÿMU”�?LB�LCGRFCP�MLC

RMSAFCQ�RFC�MRFCP¥Q�þJCQ�MP�@JCCBQ�GLRM�RFC�MRFCP¥Q�� J?SBC�AMLRCVR̃

� FGQ�K ?RRCPQ�K MPC�RF?L�GR�QMSLBQ̃�� FCL�WMS¥PC�BCCN�GL�?�DC?RSPC�RF?R�RMSAFCQ�?�JMR�MD

þJCQ”�WMS�PC?JJW�BML¥R�U?LR�?LMRFCP�QCQQGML¥Q�CBGRQ�QFMUGLE�SN�GL�WMSP�UMPI GLE

BGPCARMPW�K GB™@SGJB̃�� MPI RPCCQ�K ?I C�RF?R�GK NMQQG@JC̃

�� �� �� �� �� �� �� �� �"�� �� �	 �� �� �
 �� �� �� �� �
 �� �	 �� �+�� �� �� �
 �
 �� �
 �� �� �� �� �� �� �� �� �\�+�	 �� �� �� �� �7�]

� CDMPC�?QI GLE�WMS�?�QGLEJC�OSCQRGML”�� � � �J?SLAFCQ�RFPCC�N?P?JJCJ�	 VNJMPC�?ECLRQ�?R

RFC�Q?K C�RGK C–

� ECLR�� �PC?BQ� �� �' �� �0�� � �G�� �� �?LB�WMSP�NPMHCAR�?PAFGRCARSPC�BMAQ”�NSJJGLE�MSR�AMBGLE

PSJCQ”�OS?JGRW�E?RCQ”�NMPR�?QQGELK CLRQ”�?LB�AMLTCLRGMLQ

� ECLR�� �PC?BQ�?JJ�CVGQRGLE� �G�� �� �� �b�� �� �� �� �b�s�G�� �� �þJCQ�?LB�@SGJBQ�?�K ?N�MD�CVGQRGLE

DC?RSPCQ”�RFCGP�QR?RSQCQ”�?LB�RFCGP�BCNCLBCLAW�AF?GLQ

� ECLR�� �QA?LQ� �� �� �� �b�RM�SLBCPQR?LB�RFC�BGPCARMPW�QRPSARSPC”�I CW�þJCQ”�?LB�RFC

BCRCARCB�RCAF�QR?AI

� FCW�?JJ�PSL�?R�MLAC�?LB�PCRSPL�QGK SJR?LCMSQJW̃�� � � �QWLRFCQGXCQ�RFCGP�MSRNSR�@CDMPC

?QI GLE�WMS�?LWRFGLẼ�� M�UFCL�GR�?QI Q�¦BMCQ�RFGQ�DC?RSPC�BCNCLB�ML�?LW�CVGQRGLE

DC?RSPCQ•¦”�GR�?JPC?BW�I LMUQ�UF?R�WMSP�CVGQRGLE�DC?RSPCQ�?PC̃�� FCL�GR�?QI Q�?@MSR�� � 
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CLBNMGLRQ”�GR�?JPC?BW�I LMUQ�WMSP�TCPQGMLGLE�AMLTCLRGMLQ̃�� FCQC�?PCL¥R�ECLCPGA

OSCQRGMLQ�ECRRGLE�AMNW™N?QRCB�GLRM�?�AF?R”�RFCW¥PC�GLDMPK CB�OSCQRGMLQ�@?AI CB�@W

AMLRCVR�RF?R�U?Q�HSQR�E?RFCPCB�GL�N?P?JJCJ̃

� � � �?JQM�BCRCARQ�UFCRFCP�RFC�DC?RSPC�GQ�?�RMMJGLE�R?QI �´?�AMK K ?LB”�FMMI ”�AMLþE

AF?LEC”�MP�UMPI ÿMUµ�TCPQSQ�?L�?NNJGA?RGML�DC?RSPC̃�� MMJGLE�R?QI Q�QI GN�RFC�B?R?@?QC�?LB

� � 
 �OSCQRGMLQ�CLRGPCJW�QGLAC�RFCW¥PC�GPPCJCT?LR”�UFGAF�I CCNQ�RFGLEQ�K MTGLẼ

�� �� �� �� �� �!�
 �� �� �� �� �� �� �
 �� �� �
 �� �� �\�+�	 �� �� �� �� �8�]

� FGQ�GQ�RFC�NF?QC�RF?R�QCN?P?RCQ�� � � �DPMK �?LWRFGLE�CJQC�GL�RFC�� 
™?QQGQRCB

BCTCJMNK CLR�QN?AC̃�
R¥Q�?JQM�RFC�MLC�RF?R�NPCTCLRQ�RFC�K MQR�@SEQ̃

� CDMPC�UPGRGLE�?LW�BMASK CLR?RGML”�� � � �RP?ACQ�CV?ARJW�UF?R�B?R?�RFGQ�DC?RSPC�UGJJ

AMLQSK C”�RP?LQDMPK ”�?LB�BGQNJ?W̃�
 MP�C?AF�NGCAC�MD�B?R?�GR�DMJJMUQ�RFC�DSJJ�AF?GL–

Ễ�� ?AI CLB�MPGEGL”�UFCPC�GQ�RFGQ�T?JSC�AMK NSRCB•�� F?R�DMPK SJ?•�� FGAF�þJC�?LB�JGLC•

Ë̃ �� � 
 �RP?LQNMPR”�UF?R¥Q�RFC�CV?AR�QF?NC�GL�RFC�PCQNMLQC•�
Q�GR�RWNCB�AMPPCARJW•

Ì �̃
 PMLRCLB�AMLQSK NRGML”�FMU�BMCQ�RFC�� 
 �PCACGTC�?LB�SQC�RFGQ�T?JSC•�
Q�RFCPC�?LW

RP?LQDMPK ?RGML�@CRUCCL�UF?R�RFC�� � 
 �PCRSPLQ�?LB�UF?R�ECRQ�QFMUL•

Í �̃� ?P?JJCJ�AMK NSR?RGMLQ”�GQ�RFGQ�Q?K C�AMLACNR�AMK NSRCB�?LWUFCPC�CJQC�GL�RFC

AMBC@?QC•�� MCQ�GR�SQC�RFC�Q?K C�JMEGA•

� FCL�� � � �PSLQ�?L�GK N?AR�?L?JWQGQ̃�
 MP�CTCPW�CLBNMGLR�MP�DSLARGML�RFC�DC?RSPC�UGJJ

K MBGDW”�GR�EPCNQ�DMP�?JJ�CVGQRGLE�SQ?ECQ̃�	 TCPW�MRFCP�þJC�RF?R�AMLQSK CQ�UF?R�WMS¥PC

?@MSR�RM�AF?LEC�ECRQ�JGQRCB̃�� FMQC�?PC�RFC�þJCQ�RF?R�K GEFR�@PC?I �QGJCLRJW�MLAC�WMSP

AF?LEC�EMCQ�GL˜

� FC�þLBGLEQ�J?LB�GL�DPMLR�MD�WMS�?Q�?�E?RC̃�� MS�QCC�CV?ARJW�UF?R�� � � �DMSLB�@CDMPC�?

QGLEJC�JGLC�MD�BMASK CLR?RGML�GQ�UPGRRCL �̃
D�RFCPC�?PC�AMLQGQRCLAW�GQQSCQ”�NJ?ACQ�UFCPC

RFC�Q?K C�AMLACNR�GQ�AMK NSRCB�RUM�BG� CPCLR�U?WQ�GL�RUM�BG� CPCLR�N?PRQ�MD�RFC

AMBC@?QC”�WMS�BC?J�UGRF�RFCK �LMU�GLQRC?B�MD�QGV�UCCI Q�DPMK �LMU�?DRCP�WMS¥TC�@SGJR�ML

RMN�MD�RFCK ˜

� PCCLþCJB�NPMHCARQ�QI GN�RFGQ�NF?QC�CLRGPCJW̃�
D�RFCPC�?PC�LM�CVGQRGLE�BMAQ�?LB�DCUCP

RF?L�þTC�QMSPAC�þJCQ”�RFCPC¥Q�LMRFGLE�RM�RP?AC�WCR̃

�/�	 �� �� �!�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �\�+�	 �� �� �� �� �9�]
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� GRF�AMLRCVR�E?RFCPCB�?LB�B?R?�ÿMU�SLBCPQRMMB”�� � � �UPGRCQ�RFC�DC?RSPC�BMASK CLR̃

� FC�QRPSARSPC�GQ�QRPGAR–

�B�B�B

�
 �� �I�� �}�)�)�~�B�}�� �� �� �� �� �� �� �B�� �� �� �� �~
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�� �� �B�� �� �� �� �b�� �� �� �� �� �b�� �� �� �� �� �� �G�� ��

�� �� �� �� �� �� �I

�� �� �B�� �+�*�.�/�� �b�� �� �
 �b�� �7�b�� �� �� �� �� ��

�� �� �B�� �"� �/�� �b�� �� �
 �b�� �7�b�� �� �� �� �� �� �b�I�
 ��

�� �� �� �� �
 �� �I

�� �� �B�� �� �� �� �� �� ��

�� �� �� �� �F�� �
 �
 �� �� �I

�� �� �B�� �� �� �� �� �� �b�� �� �
 �� �b�� �� �� �� �� �� �G�� �� �� �� �G�� ��

�� �� �� �� �F�� �
 �� �� �I�� �G�� �� �� �b�� �� �� �
 �� �� �b�� �
 �� �� �B�� �� �� �� �� �� �B�8�6�8�<�B�6�:�B�8�6�G�� ��

�
 �� �� �� �F�� �� �� �� �� �� �I�� �8�6�8�<�B�6�:�B�8�6

�� �� �� �� �� �� �I�� �� �� �� �� ��

�� �	 �� �� �� �I�� �� �� �� �� �� �� �� �� �� �� �
 �� ��

�� �� �� �F�� �� �� �� �
 �� �� �I�� �:

�� �� �� �� �� �F�
 �� �� �� �� �� �I�� � �̂_

�B�B�B

	 TCPW�þCJB�GL�RFGQ�DPMLRK ?RRCP�GQ�BMGLE�QMK CRFGLE�QNCAGþÃ� �� �� �� �� �� �� �F�� �
 �
 �� �� �RCJJQ�� A?L

� MBC�UFCPC�RM�JMMI �DMP�BPGDR̃� �� �� �� �� �� �� �� �F�� �� �RCJJQ�� P?NF�� MBC�UF?R�RFC�BCNCLBCLAW

AF?GL�JMMI Q�JGI C̃� �
 �� �� �� �F�� �� �� �� �� �� �RCJJQ�� A?L�� MBC�UFCL�RM�QR?PR�AFCAI GLE�DMP�AMK K GRQ̃

�� �� �� �F�� �� �� �� �
 �� �� �RP?AI Q�UFGAF�TCPQGML�MD�RFC�� � � �UMPI ÿMU�U?Q�SQCB”�UFGAF�CL?@JCQ

SNEP?BC�N?RFQ�UFCL�RFC�UMPI ÿMU�GRQCJD�AF?LECQ�MTCP�RGK C̃

� FC�BMASK CLR�@MBW�AMTCPQ�NSPNMQC�´UFW�BMCQ�RFGQ�CVGQR•µ”�?PAFGRCARSPC�´FMU�BMCQ�GR�þR

RFC�QWQRCK•µ”�B?R?�K MBCJ�´CV?ARJW�UF?R¥Q�QRMPCB•µ”�� � 
 �AMLRP?ARQ�´UF?R�BMCQ�C?AF

CLBNMGLR�?AACNR�?LB�PCRSPL•µ”�@SQGLCQQ�PSJCQ�´UF?R�T?JGB?RGML”�UF?R�QR?RC�K ?AFGLCQ”

UF?R�GLT?PG?LRQ•µ”�B?R?�ÿMU”�BCNCLBCLAGCQ”�?LB�I LMUL�GQQSCQ̃

� � � �QFMUQ�WMS�RFC�AMK NJCRCB�BMA�?LB�?QI Q�GD�GR�?AASP?RCJW�BCQAPG@CQ�UF?R�WMS�U?LR

RM�@SGJB̃�� MS�A?L�PCTGQC�GR�@CDMPC�?LW�AMBC�GQ�UPGRRCL �̃� FGQ�GQ�RFC�K MQR�GK NMPR?LR�E?RC�GL

RFC�CLRGPC�UMPI ÿMU˜

8



�/�� �� �� �� �.�� �� �
 �� �� �� �� �� �� �\�+�	 �� �� �� �� �:�]


 PMK �RFC�BMASK CLRCB�CLBNMGLRQ”�@SQGLCQQ�PSJCQ”�?LB�CBEC�A?QCQ”�� � � �ECLCP?RCQ�RCQR
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LM�GK NJCK CLR?RGML�?R�?JJ̃
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�� �� �� �� �� �� �� �� �� �� �� �� �G�� �� �
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 �\�L�)�� �� �� �
 �� �� �
 �� �� �� �� �� �� �� �� �E�� �(�� �� �� �� �� �� �
 �� �� �� �� �L�]�K

�� �� �� �� �a�]�K

�� �� �� �� �
 �� �\�L�� �	 �� �� �
 �� �� �� �� �� �� �� �� �� �:�6�6�� �� �	 �� �� �� �
 �� �� �� �� �� �� �� �� �� �� �� �
 �� �� �� �� �� �� �� �L�J�� �� �� �� �� �� �� �\�]�� �| �~�� �`

�� �� �� �� �� �� �� �� �� �� �� �� �G�� �� �
 �
 �\�L�)�� �� �� �
 �� �� �
 �� �� �� �� �� �� �� �� �E�� �(�� �� �� �� �� �� �
 �� �� �� �� �L�]�K

�� �� �� �� �a�]�K

�� �� �a�]�K

�a�]�K

� FCL�@MRF�SLGR�RCQRQ�?LB�	 Ë	 �RCQRQ�?PC�LCCBCB”�� � � �J?SLAFCQ�RUM�N?P?JJCJ�?ECLRQ�RM

UPGRC�RFCK �?R�RFC�Q?K C�RGK C̃�� FCW�EM�GL�BG� CPCLR�þJCQ”�QM�RFCPC¥Q�LM�UPGRC�AMLÿGAR̃

�/�	 �� �� �-�� �� �� �"�� �� �� �� �\�+�	 �� �� �� �� �:�� �]

� GEFR�?DRCP�ECLCP?RGLE�QI CJCRMLQ”�� � � �PSLQ�RFC�LCU�RCQRQ̃�	 TCPW�QGLEJC�MLC�K SQR�D?GJ̃

� FGQ�GQ�LMR�MNRGML?J�?LB�F?Q�LM�QI GN�AMLBGRGML˜

� FC�� CB�� ?RC�CVGQRQ�@CA?SQC�¦EPCCL�@CDMPC�WMS�QR?PR¦�GQ�K C?LGLEJCQQ̃�
D�?�QI CJCRML

N?QQCQ�@CDMPC�WMS¥TC�UPGRRCL�?LW�AMBC”�CGRFCP�RFC�RCQR�F?Q�LM�PC?J�?QQCPRGML�MP�CVGQRGLE

AMBC�?JPC?BW�Q?RGQþCQ�GR”�UFGAF�K C?LQ�WMS¥PC�RCQRGLE�RFC�UPMLE�RFGLẼ�� � � �GLTCQRGE?RCQ

CTCPW�SLCVNCARCB�N?QQ�?LB�PCOSGPCQ�GR�RM�@C�PCQMJTCB�@CDMPC�GK NJCK CLR?RGML�A?L�@CEGL˜

" �� �-�� �� �� �"�� �� �� �I�� �>�b�>�� �� �� �
 �
 �
 �� �� �� �\�� �� �� �� �� �� �� �� �]

�� �� �� �� �
 �
 �� �� �� �� �
 �� �� �� �� �� �� �� �� �� �� �
 �� �� �� �� �� �-� �� �� �E�� �� �� �� �� �� �� �� �� �� �
 �� �� �
 �� �� �� �� �� �G

� LJW�UFCL�CTCPW�QI CJCRML�GQ�AMLþPK CB�PCB�BMCQ�� � � �NPMACCB̃�� FC�QI CJCRMLQ�?PC�RFC

þLGQF�JGLC̃�� MS�F?TCL¥R�APMQQCB�GR�WCR̃
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� � � �?SRM™BCRCARQ�DC?RSPC�QGXC�?LB�ECLCP?RCQ�?L�?NNPMNPG?RC�@SGJB�NJ?L �̃� GK NJC

DC?RSPCQ�´DCUCP�RF?L�Ì �LCU�þJCQ”�LM�� � 
”�LM�B?R?@?QCµ�ECR�ÿ?R�LSK @CPCB�QRCNQ̃

� LWRFGLE�J?PECP�ECRQ�?�@JMAI �QRPSARSPC�UGRF�CVNJGAGR�BCNCLBCLAW�J?WCPQ̃

	 ?AF�@JMAI �QNCAGþCQ–

� �SLGOSC�L?K C�WMS�A?L�PCDCPCLAC�UFCL�?QI GLE�DMP�AF?LECQ

� L�CLB™QR?RC”�UF?R�GQ�AMK NGJ?@JC�?LB�PSLL?@JC�UFCL�RFC�@JMAI �þLGQFCQ

� �AMK K GR�QAMNC”�RFC�AMLTCLRGML?J�AMK K GR�K CQQ?EC�DMP�RFGQ�@JMAI

� �TCPGþA?RGML�AMK K ?LB”�RFC�CV?AR�AMK K ?LB�RF?R�NPMTCQ�RFC�@JMAI �GQ�BMLC

� �F?LBM� ”�UF?R�RFC�LCVR�@JMAI �CVNCARQ�RM�CVGQR�UFCL�RFGQ�MLC�þLGQFCQ

� FCRFCP�GR�PSLQ�GL�RFC�K ?GL�AMLTCPQ?RGML�MP�UGRF�N?P?JJCJ�?ECLRQ

� FC�N?P?JJCJGX?RGML�JMEGA�GQ�QRPGAR̃�� CDMPC�?QQGELGLE�?�@JMAI �RM�N?P?JJCJ�?ECLRQ”�� � �

PSLQ�RUM�AFCAI Q̃�� FC�þJC�BCAJ?P?RGML�E?RC�JGQRQ�CTCPW�þJC�C?AF�?ECLR�UGJJ�UPGRC”�?LB�?LW

MTCPJ?N�K C?LQ�QCOSCLRG?J�CVCASRGML�UGRF�LM�CVACNRGMLQ̃�� FC�RWNC�BCNCLBCLAW�E?RC

AFCAI Q�UFCRFCP�?LW�AMBC�MLC�@JMAI �UPGRCQ�ECRQ�GK NMPRCB�@W�AMBC�?LMRFCP�@JMAI �UPGRCQ”

?LB�GD�QM”�RFC�þPQR�@JMAI �PSLQ�@CDMPC�RFC�QCAMLB̃

� FGQ�GQ�UF?R�QCN?P?RCQ�N?P?JJCJ�CVCASRGML�RF?R�?ARS?JJW�UMPI Q�DPMK �N?P?JJCJ�CVCASRGML

RF?R�NPMBSACQ�K WQRCPGMSQ�RWNC�CPPMPQ̃
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K NJCK CLR?RGML�DMJJMUQ�RFC�BCNCLBCLAW�J?WCPQ�DPMK �RFC�@SGJB�NJ?L �̃� GRFGL�C?AF�J?WCP”

N?P?JJCJ�@JMAI Q�PSL�QGK SJR?LCMSQJW̃�� DRCP�C?AF�@JMAI ”�� � � �PSLQ�RFC�� PCCL�� ?RC�JMMN–
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 �� �� �� �E�� �� �� �� �� �� �� �� �� �� �� �
 �� �� ��

�� ��

�� �
 �� �� �� �� �8�� �\�.�� �� �� �
 �� �� �� �]�I�� •


D�?�RCQR�D?GJQ”�� � � �PCOSGPCQ�?�BG?ELMQGQ�@CDMPC�?LW�þV�ECRQ�?NNJGCB̃�� F?R�GQ�RFC�CV?AR

CPPMP�K CQQ?EC”�þJC”�?LB�JGLC•�� FGAF�GK NJCK CLR?RGML�?QQSK NRGML�U?Q�UPMLE•�
Q�RFGQ�?

I LMUL�N?RRCPL�DPMK �� � � � � 	 K̃ B�MP�NPMHCAR�AMLTCLRGMLQ•�� F?R�GQ�RFC�QGLEJC�R?PECRCB

þV•

� CQRQ�?PC�LCTCP�K MBGþCB�RM�K ?I C�AMBC�N?QQ̃�
D�?�RCQR�QCCK Q�UPMLE”�� � � �PC™PC?BQ�RFC

� � � �BMA�þPQR̃�
D�RFC�BMA�QCCK Q�UPMLE”�GR�QRMNQ�?LB�?QI Q�WMS�@CDMPC�RMSAFGLE�?LWRFGLẼ

� DRCP�Î �D?GJCB�GRCP?RGMLQ”�� � � �QRMNQ�AMK NJCRCJW�?LB�NPCQCLRQ�GRQ�þLBGLEQ�UGRF�RFPCC

MNRGMLQ–�I CCN�BC@SEEGLE”�L?PPMU�RFC�QAMNC”�MP�N?SQC�?LB�PCTGCU�RMECRFCP̃�
R�LCTCP

QGJCLRJW�EGTCQ�SN�MP�QR?PRQ�RUC?I GLE�RCQRQ�RM�ECR�RFCK �RM�EPCCL˜

� CEPCQQGMLQ�GL�CVGQRGLE�RCQRQ�AMSLR�?E?GLQR�RFC�ASPPCLR�@JMAI ¥Q�GRCP?RGML�@SBECR̃�� FCW

A?L¥R�@C�OSGCRJW�BCNPGMPGRGXCB̃

�$�� �� �� �� �� �� �� �
 �� �� �� �1�� �� �
 �� �
 �� �� �� �
 �� �� �� �\�+�	 �� �� �� �� �=�]

� CQRQ�N?QQGLE�GQ�LMR�BMLC̃�� F?QC�Ð�PCOSGPCQ�?ARS?J�GLRCEP?RGML�TCPGþA?RGML�?E?GLQR�RFC

PC?J�CLTGPMLK CLR̃


 MP�@?AI CLB�DC?RSPCQ–�PC?J�� � � � �A?JJQ”�PC?J�B?R?@?QC�QR?RC�AFCAI CB�UGRF�BGPCAR�OSCPGCQ”

BMASK CLRCB�CPPMP�A?QCQ�TCPGþCB�?E?GLQR�?ARS?J�PCQNMLQCQ̃


 MP�DPMLRCLB�DC?RSPCQ–�MNCLGLE�RFC�?ARS?J�N?EC�GL�?�@PMUQCP”�AFCAI GLE�RFC�LCRUMPI �R?@

DMP�CVNCARCB�� � 
 �A?JJQ�?LB�PCQNMLQCQ”�TCPGDWGLE�RFC�AMLQMJC�GQ�AJC?L˜
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 MP�B?R?@?QC�DC?RSPCQ–�UPGRC�TCPGþA?RGML�TG?�BGPCAR�� � �OSCPW�´LMR�HSQR�RPSQRGLE�RFC

GLQCPR�PCRSPL�T?JSCµ”�AMLQRP?GLR�RCQRGLE�UGRF�GLT?JGB�B?R?”�	 � � � � 
 � �ML�NPGK ?PW�OSCPW

N?RRCPLQ̃


 MP�RMMJGLE�DC?RSPCQ–�PSLLGLE�?E?GLQR�?�PC?J�QACL?PGM”�TCPGDWGLE�MSRNSR�?E?GLQR�RFC

BMASK CLRCB�@CF?TGMP”�AMLþPK GLE�LM�SLGLRCLBCB�QGBC�C� CARQ̃

� � � ¥Q�BCD?SJR�QR?LAC�BSPGLE�GLRCEP?RGML�GQ–�K W�AMBC�GQ�UPMLE�SLRGJ�NPMTCL�MRFCPUGQC̃

� LW�CVRCPL?J�D?GJSPC”�?L�� � 
 �@CGLE�SLPC?AF?@JC”�K GQQGLE�RCQR�B?R?�GL�RFC�� � ”�?�I CW�LMR

@CGLE�QCR”�GQ�?�FWNMRFCQGQ”�LMR�?L�?AACNRCB�D?AR”�SLRGJ�CK NGPGA?JJW�BGQNPMTCL�UGRF

CTGBCLAC�DPMK �JMEQ�?LB�K GLGK ?J�NPM@CQ̃

� FCL�GLRCEP?RGML�GQ�TCPGþCB”�� � � �SNB?RCQ�RFC�DC?RSPC�BMA�´ �� �� �� �� �� �� �I�� �� �� �� �� �
 �� �� �� ”

�� �	 �� �� �� �I�� �� �
 �
 µ”�QSPD?ACQ�?LW�LCU�N?RRCPLQ�UMPRF�?BBGLE�RM�� � � � � 	 K̃ B”�?LB�M� CPQ�?

AMK K GR«K CPEC�UMPI ÿMU˜

AUDIT MODE: FINDING WHAT'S WRONG

�b�� �� �� �� �� �� �� �
 �� �PSLQ�?�DSJJ™NPMHCAR�?SBGR�?E?GLQR�?JJ�BMASK CLRCB�DC?RSPCQ̃�
R¥Q�K C?LR�RM�@C

PSL�NCPGMBGA?JJW”�?DRCP�?�QNPGLR”�@CDMPC�?�PCJC?QC”�UFCL�WMS�QSQNCAR�QMK CRFGLE�F?Q

OSGCRJW�EMLC�QGBCU?WQ̃

�+�� �� �� �
 �
 �� �
 �
 �� �� �� �� �-�� �� �� �
 �� ��

� FC�?SBGR�SQCQ�@?RAFCB�N?P?JJCJ�	 VNJMPC�?ECLRQ�RM�PC?B�QMSPAC�þJCQ�DMP�?JJ�DC?RSPCQ�?R�RFC

Q?K C�RGK C̃�� ?RAF�QGXCQ�QA?JC�UGRF�FMU�K ?LW�DC?RSPCQ�WMS�F?TC–

Ê™Ì �DC?RSPCQ–�QGLEJC�?ECLR�´MP�HSQR�RFC�K ?GL�AMLTCPQ?RGML�DMP�TCPW�QK ?JJ�NPMHCARQµ

Í ™Ï �DC?RSPCQ–�Ë�?ECLRQ

Ðî –�Ì �?ECLRQ�´K ?Vµ

	 ?AF�?ECLR�PC?BQ�GRQ�?QQGELCB�DC?RSPCQ¥�QMSPAC�þJCQ�?LB�PCRSPLQ�QRPSARSPCB�LMRCQ̃�
R

BMCQL¥R�UPGRC�?LW�þJCQ̃�� LJW�RFC�K ?GL�AMLTCPQ?RGML�UPGRCQ�RFC�LMRCQ�þJC”�?DRCP�?JJ�?ECLRQ

F?TC�PCRSPLCB̃�� FGQ�NPCTCLRQ�N?PRG?J�UPGRCQ�?LB�I CCNQ�RFC�MSRNSR�AMLQGQRCLR̃

�!�
 �� �� �
 �� �� �� �.�� �� �� �� �
 �� �� �� �' �� �� �� �
 ��
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� SBGR�þLBGLEQ�?PC�AJ?QQGþCB�@W�QCTCPGRW–

" �� � 
 � 
 � � � ”�QCASPGRW�GQQSCQ”�APCBCLRG?J�CVNMQSPC”�@PMI CL�AMLRP?ARQ

0 �� 
 � � ”�QGELGþA?LR�@SEQ”�K GQQGLE�RCQRQ�DMP�BMASK CLRCB�@CF?TGMPQ”�B?R?�K MBCJ

K GQK ?RAFCQ

1 �� 	 � 
 � � ”�AMBC�OS?JGRW�TGMJ?RGMLQ�´þJC�RMM�JMLE”�DSLARGML�RMM�JMLE”�K GQQGLE

� WNC� APGNR�RWNCQµ

# �� � � ”�BMASK CLR?RGML�BPGDR”�K GLMP�QRWJC�GLAMLQGQRCLAGCQ

�/�	 �� �� �� �� �� �
 �� �� �-�� �� �� �� ��

� DRCP�LMRCQ�?PC�AMJJCARCB”�� � � �NPMBSACQ�?�QRPSARSPCB�PCNMPR–

ú �� �(�� �� �� �� �� �� �
 �� �� �� �� �� �� �
 �� �� ��

�!�
 �� �� �
 �� �� �� �I�� �7�8�� �� �� �� �� �
 �� �\�8�� �� �� �
 �� �
 �� �� �
 �J�� �:�� �#�
 �� �	 �J�� �:�� �(�� �� �
 �� �� �J�� �8�� �' �� �� �]

�-�� �� �� �� �� �I�� �G�� �� �� �b�� �� �� �
 �� �� �b�� �� �� �� �� �� �B�8�6�8�<�B�6�:�B�8�6�G�� ��

�/�� �� �� �
 �� �� �� �� �� �I

�� �� �7�G�� �� �-�$�/�$�� �� �' �I�� �� �� �� �� �� �� �G�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �+�$�� �� �� �� �� �� �� �� �� ��

�� �� �8�G�� �#�$�"�#�I�� �"� �/�� �b�� �� �
 �b�� �7�b�� �� �� �� �� �� �b�I�
 �� �� �	 �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�� �� �9�G�� �#�$�"�#�I�� �0�� �� �� �� �� �� �� �� �
 �� �	 �� �� �� �� �� �� �
 �
 �� �� �
 �� �
 �� �� �� �
 �� �	 �� �� �� �� �� �� �
 �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �
 �� ��

� �� �� �
 �� �� �� �� �� �� �� �
 �� �� �� �
 �� �� �I�� �:�� �	 �� �� �� �� �� �\�� �� �� �� �
 �� �
 �� �� �� �
 �]�� �®�� �:�;�� �� �
 �� �� �� �� �� �� �\�(�� �� �]

�!�
 �� �� �� �
 �
 �� �� �� �� �[�� �\�� �� �� �� �b�� �� �� �� �
 �� �� �� �� �� �� �� �� �� �� �� �
 �� �� �� �� �b�� �� �
 �� �� �� �� �
 �� �� �� �� �
 �� �
 �� �� �
 �w�	 �
 �� �	 �]

� F?R�¦RP?BGRGML?J�TQ�� � � ¦�RGK C�CQRGK ?RC�GQL¥R�K ?PI CRGLẼ�� FC�?SBGR�PCNMPR�AMLR?GLQ

CLMSEF�QRPSARSPCB�AMLRCVR�RF?R�� J?SBC�A?L�þV�K MQR�þLBGLEQ�BGPCARJW�UGRFMSR�WMS

CVNJ?GLGLE�?LWRFGLẼ�� FC�� � � �BMA�GQ�RFC�QNCA”�RFC�AMBC�GQ�UF?R�?ARS?JJW�CVGQRQ”�RFC�BG�

@CRUCCL�RFCK �GQ�RFC�þLBGLE”�?LB�RFC�þV�GQ�AJMQGLE�RF?R�E?Ñ

SCAN MODE: DETECTING DRIFT

�b�� �� �� �� �� �� �� �� �GQ�RFC�JGEFRUCGEFR�BPGDR�BCRCARMP̃�� LJGI C�?�DSJJ�?SBGR”�GR�BMCQL¥R�PC?B�QMSPAC

þJCQ�?R�?JJ̃�
R�SQCQ�EGR�JME�RM�AFCAI �UFCRFCP�?LW�þJCQ�GL�?�DC?RSPC¥Q� �� �� �� �� �� �� �F�� �
 �
 �� �� �JGQR

F?TC�F?B�AMK K GRQ�QGLAC�RFC�DC?RSPC¥Q� �
 �� �� �� �F�� �� �� �� �� �� �B?RC̃
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� �QGLEJC�	 VNJMPC�?ECLR�PSLQ�?JJ�RFC�EGR�AFCAI Q�QGK SJR?LCMSQJW�?LB�PCRSPLQ�?

AJ?QQGþA?RGML�R?@JC–

ú �� �(�� �� �� �.�� �� �� �� �E�� �� �� �
 �� �� �� �-�� �� �� �� ��

�� �� • �� �6�7�B�� �� �� �� �� �� �� �B�� �� �� �� �� �� �
 �� �
 �� �� �� �� �� �E�� �
 �� �� �� �� �� �� �� �\�
 �� �� �� �� �� �� �� �� �� �� �I�� �8�6�8�<�B�6�9�B�7�;�]

�� ��⚠️ �� �� �6�:�B�� �� �� �� �� �� �� �B�� �� �
 �
 �� �� �� �� �� �� �� �� �� �� �E�� �� �-�$�!�/� �� �� �\�9�� �� �� �� �� �
 �� �� �� �� �
 �� �� �� �� �8�6�8�<�B�6�9�B�6�7�]

�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �' �� �� �� �� �� �I�� �M�� �
 �� �I�� �� �� �� �� �� �� �� �� �� �	 �� �� �� �
 �� �� �� �� �� �� �� �� �� �M

�� �� ¡ �� �� �6�=�B�� �
 �� �	 �� �� �B�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �E�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �\�� �� �� �� �b�
 �� �� �� �� �G�	 �� �� �
 �� �� �� �� �� �� �� �� �� �� �]

�� ��£ �� �� �6�?�B�
 �� �� �� �� �� �� �� �
 �� �� �� �� �� �� �� �� �� �� �� �� �� �� �E�� �� �� �� �� �� �� �� �� �� �� �\�� �� �� �
 �� �� �� �F�� �� �� �� �� �� �� �� �
 �� �
 �� �]

� J?QQGþA?RGMLQ–

GL°QWLA”�þJCQ�CVGQR”�LM�AMK K GRQ�QGLAC�J?QR�QWLA

BPGDRCB”�AMK K GRQ�DMSLB�?DRCP� �
 �� �� �� �F�� �� �� �� �� ��

@PMI CL”�MLC�MP�K MPC�QMSPAC�þJCQ�LMR�DMSLB�ML�BGQI

SLRP?AI CB”�LM� �
 �� �� �� �F�� �� �� �� �� �� �þCJB�WCR


 MP�BPGDRCB�DC?RSPCQ”�RFC�PCAMK K CLBCB�?ARGML�GQ� �b�� �� �� �� �� �� �� �� �� �� �� ”�UFGAF

PCQWLAFPMLGXCQ�RFC�BMA�UGRF�RFC�ASPPCLR�AMBC̃

UPDATE MODE: KEEPING DOCS IN SYNC

�b�� �� �� �� �� �� �� �� �� �� �� PCQWLAFPMLGXCQ�?�DC?RSPC�BMA�?DRCP�GRQ�AMBC�F?Q�AF?LECB̃

� � � �PC?BQ�RFC�ASPPCLR�QMSPAC�þJCQ�?LB�AMK N?PCQ�RFCK �?E?GLQR�RFC�BMA”�JMMI GLE�DMP

LCU�DSLARGMLQ�MP�CVNMPRQ�RF?R�?PCL¥R�GL�RFC�BMA”�RFGLEQ�RFC�BMA�QRGJJ�K CLRGMLQ�RF?R�F?TC

@CCL�PCK MTCB�MP�PCL?K CB”�B?R?�K MBCJ�þCJBQ�RF?R�AF?LECB”�@SQGLCQQ�PSJCQ�UGRF

BG� CPCLR�T?JGB?RGML�MP�LCU�QR?RCQ”�?LB�LCU�CBEC�A?QCQ�TGQG@JC�GL�CPPMP�F?LBJGLẼ


R�NPCQCLRQ�RFC�BCJR?�RM�WMS�@CDMPC�PCUPGRGLE�?LWRFGLẼ�
R�QFMUQ�CV?ARJW�UFGAF�QCARGMLQ

LCCB�SNB?RGLE�?LB�?QI Q�DMP�AMLþPK ?RGML �̃� LJW�AF?LECB�QCARGMLQ�ECR�PCUPGRRCL”�CVGQRGLE

NPMQC�RF?R¥Q�QRGJJ�?AASP?RC�QR?WQ�CV?ARJW�?Q�GR�GQ̃

� DRCP�PCUPGRGLE”�� � � �ECLCP?RCQ�RCQR�QI CJCRML�CLRPGCQ�DMP�?LW�LCU�BMASK CLRCB

@CF?TGMPQ�?LB�?NNCLBQ�RFCK �RM�RFC�CVGQRGLE�RCQR�þJC”�UGRFMSR�RMSAFGLE�CVGQRGLE�RCQR

GK NJCK CLR?RGMLQ̃
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REVERSE-ENGINEER MODE: DOCUMENTING EXISTING
CODE

�b�� �� �� �� �� �� �� �� �� �� �� �B�� �� �� �
 �� �� �� �� �� � �̂� �� �� �	 �_�ECLCP?RCQ�� � � �BMASK CLR?RGML�DPMK �QMSPAC

AMBC�RF?R�U?Q�UPGRRCL�@CDMPC�� � � �U?Q�?BMNRCB̃

� GRFMSR�?L�?PESK CLR”�GR�QA?LQ� �� �� �� �b�?LB�APMQQ™PCDCPCLACQ�?E?GLQR�CVGQRGLE�BMAQ�RM�þLB

SLBMASK CLRCB�þJCQ̃�� MS�AFMMQC�UFGAF�MLCQ�RM�BMASK CLR̃

� GRF�?�þJC�N?RF”�GR�PC?BQ�RF?R�þJC�?LB�GLDCPQ–

� SPNMQC”�UF?R�BMCQ�RFGQ�BM�?LB�UFW•

� ?R?�K MBCJQ”�� WNC� APGNR�GLRCPD?ACQ”�RWNCQ”�� MB�QAFCK ?Q

� � 
 �PMSRCQ”�PMSRC�BCþLGRGMLQ�?LB�RFCGP�F?LBJCPQ

� SQGLCQQ�PSJCQ”�AMLBGRGML?J�JMEGA”�T?JGB?RGML”�QR?RC�RP?LQGRGMLQ

� CNCLBCLAGCQ”�UF?R�MRFCP�K MBSJCQ�BMCQ�GR�GK NMPR•

	 BEC�A?QCQ”�CPPMP�F?LBJGLE�N?RRCPLQ”�ES?PB�AJ?SQCQ


 MP�DMSP�MP�K MPC�þJCQ”�GR�SQCQ�N?P?JJCJ�?ECLRQ�RM�PC?B�RFCK �QGK SJR?LCMSQJW�?LB�PCRSPLQ�?

QWLRFCQGXCB�BP?DR̃

� � � �?JU?WQ�BGQAJMQCQ�RFC�JGK GR?RGMLQ�MD�PCTCPQC™CLEGLCCPCB�BMAQ�@CDMPC�Q?TGLE–

⚠️ �� �� �-�� �� �� �� �� �� �B�� �� �� �
 �� �� �� �� �� �
 �
 �� �
 �� �� �� �
 �� �� �� �I

�� �� �� �B�� �M�+�� �� �� �� �� �� �M�� �� �� �� �� �
 �� �� �� �
 �� �� �
 �� �� �� �� �� �� �� �� �E�� �� �� �� �
 �� �� �� �� �� �� �
 �� �� �� �� �� �
 �� �� �� �� �� �� �� �� �� �� �� �� �
 �
 ��

�� �� �� �B�� �$�� �� �
 �
 �� �
 �� �� �� �� �� �� �� �� �� �
 �� �� �� �� �\�.�' �� �� �J�� �� �� �� �� �
 �
 �� �� �� �� �J�� �� �� �� �� �� �� �� �� �� �� �� �
 �� �
 �� �� �� �]�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�� �� �� �B�� �� �� �� �� �
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INITIATIVE AND WAVE PLANNING
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� �� �� �� �� �� �
 �� �� �� �� �� �-�� �� �� �� �� ��

�b�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �B�� �� �� �� �
 �� ��

� � � �PSLQ�RFC�DSJJ�BCNJMWK CLR�QCOSCLAC–

Ễ�� PC™ÿGEFR�FC?JRF�AFCAI ”�FGRQ�C?AF�QCPTGAC¥Q�FC?JRF�CLBNMGLR�GL�C?AF�PCEGML�?LB

QFMUQ�?�QR?RSQ�R?@JC

Ë̃�� CEGML™@W™PCEGML�BCNJMWK CLR”�BCNJMWQ�GL� �� �� �� �
 �� �� �F�� �� �� �� �� �QCOSCLAC�´A?L?PW�þPQR”

RFCL�NPGK ?PWµ

Ì �̃� ?RC�AFCAI �?DRCP�C?AF�PCEGML”�PSLQ�FC?JRF�AFCAI Q�?LB�?NNJGCQ�RFC�AMLþESPCB�E?RC

QRP?RCEW�´ �	 �� �� �
 �� �	 �F�� �	 �� �� �� ”� �� �� �� �� �� �
 ”�MP� �� �� �� �� µ

Í �̃� L�E?RC�D?GJSPC”�?NNJGCQ�RFC�AMLþESPCB�D?GJSPC�QRP?RCEW�´ �� �� �� �� ”� �� �� �
 �� �F�� �� �� �
 �� �� ”�MP

�� �� �
 �
 �� �� �� �� µ

Î �̃� MQR™ÿGEFR�FC?JRF�AFCAI ”�DSJJ�APMQQ™PCEGML�@CDMPC�?LB�?DRCP�AMK N?PGQML

� FGQ�RSPLQ�?�BCNJMWK CLR�GLRM�?�TCPGþCB”�BMASK CLRCB”�PCNC?R?@JC�MNCP?RGML �̃� M�K MPC�¦ 


RFGLI �
 �BCNJMWCB�GR�PGEFR̃¦�� FC�PSL@MMI �GQ�RFC�NPMACBSPC”�RFC�CVCASRGML�GQ�RP?AI CB”�?LB

RFC�FC?JRF�AFCAI Q�RCJJ�WMS�CV?ARJW�UF?R�QR?RC�CTCPWRFGLE�GQ�GL�@CDMPC�?LB�?DRCP̃

UPGRADE MODE: MIGRATING EXISTING DOCS

�b�� �� �� �� �� �� �� �� �� �� �� �F?LBJCQ�NPMHCARQ�RF?R�QR?PRCB�SQGLE�� � � �@CDMPC�ACPR?GL�DPMLRK ?RRCP

þCJBQ�UCPC�GLRPMBSACB̃�
R�QA?LQ�?JJ�BMAQ”�GBCLRGþCQ�K GQQGLE�þCJBQ�´ �
 �� �� �� �F�� �� �� �� �� �� ”

�� �� �� �� �� �� ”� �� �	 �� �� �� µ”�GLDCPQ�QCLQG@JC�BCD?SJRQ�DPMK �EGR�FGQRMPW”�?LB�NPCQCLRQ�?�N?RAF�NJ?L

DMP�AMLþPK ?RGML�@CDMPC�UPGRGLE�?LWRFGLẼ
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¹ �� �0�� �� �� �� �� �� �� �$�� �� �� �� �� �� �� ��

�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �g�� �
 �� �� �� �F�� �� �� �� �� �� �� �g�� �� �� �� �� �� �� �� �g�� �� �	 �� �� ��

�6�7�B�� �� �� �� �� �� �� �B�� �� �� �� �� �� �
 �� �
 �� �� �� �� �� �� �� �� �� �� �� �� �� �g�� ¡ �� �� �
 �� �� �
 �� �� �� �� �g�� ¡ �� �� �� �� �� �g�� ¡

�6�9�B�� �� �� �� �� �� �� �� �B�
 �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �g�� • �� �� �� �� �� �� �� �� �� �� �g�� • �� �� �� �� �� �g�� •

�� �� �� �� �� �� �� �� �� �
 �� �� �� �� �� �� �� �� �� �� �I�� �7�� �� �� �� �8

� DRCP�SNEP?BC”� �b�� �� �� �� �� �� �� �� �UGJJ�F?TC�?AASP?RC�BPGDR�B?R?�DMP�?JJ�BMAQ̃

WHY MDD CHANGES THE DEVELOPMENT EQUATION

� FC�@CLCþRQ�QR?AI �SN�GL�U?WQ�RF?R�?PCL¥R�M@TGMSQ�SLRGJ�WMS¥TC�@CCL�SQGLE�� � � �DMP�?

DCU�UCCI Q̃

�� �� �� �� �� �� �� �� �/�	 �� �� �� �.�� �� �� �
 �� �� �� �� �.�� �� �� �
 �� �� �� �� �� �� �� �� �� �� �
 �� ��

�G�� �� �� �b�G�� �� �� �� �� �� �� �G�� �� �ECRQ�GLHCARCB�GLRM�CTCPW�LCU�� J?SBC�QCQQGML �̃� J?SBC�BMCQL¥R�QR?PR

@JGLB̃�
R�I LMUQ�UF?R�DC?RSPCQ�CVGQR”�UF?R�RFCGP�QR?RSQ�GQ”�UFCL�RFC�J?QR�?SBGR�P?L”�UF?R

þLBGLEQ�?PC�QRGJJ�MNCL �̃� MS�QRMN�QNCLBGLE�RFC�þPQR�þTC�K GLSRCQ�MD�CTCPW�QCQQGML�PC™

CQR?@JGQFGLE�AMLRCVR�WMS�?JPC?BW�CQR?@JGQFCB�J?QR�UCCI ˜

�� �� �.�� �� �� �� �� �
 �� �� �� �� �� �� �� �� �� �� �� �� �#�� �
 �� �� �/��

� GRFMSR�BMAQ”�� J?SBC�GQ�K ?I GLE�GK NJGAGR�?QQSK NRGMLQ�?@MSR�UF?R�¦AMPPCAR¦�K C?LQ̃

� FCL�QMK CRFGLE�EMCQ�UPMLE”�RFC�AMLTCPQ?RGML�@CAMK CQ�?�LCEMRG?RGML�?@MSR�UF?R�RFC

AMBC�U?Q�QSNNMQCB�RM�BM̃�� GRF�� � � �BMAQ”�RFCPC¥Q�LM�LCEMRG?RGML �̃� FC�BMA�Q?WQ�UF?R

RFC�� � 
 �PCRSPLQ̃�� FC�AMBC�CGRFCP�K ?RAFCQ�MP�GR�BMCQL¥R̃�� SBGRQ�@CAMK C�D?ARS?J�P?RFCP

RF?L�?PESK CLR?RGTC̃

�/�� �� �� �� �!�� �
 �
 �� �� �� �� �� �/�	 �� �� �� �(�� �� �� �� �.�� �� �� �� �	 �
 �� ��

� FC�� CB�� ?RC�CLQSPCQ�RF?R�CTCPW�RCQR�QI CJCRML�QR?PRCB�?Q�?�ECLSGLC�D?GJSPC̃�� FC�� PCCL

� ?RC�CLQSPCQ�RF?R�CTCPW�þV�GQ�R?PECRCB�?LB�BG?ELMQCB�P?RFCP�RF?L�HSQR�¦AF?LEC�RFGLEQ

SLRGJ�GR�EMCQ�EPCCL ¦̃�� LB�PCEPCQQGML�AFCAI Q�?DRCP�C?AF�@JMAI �K C?L�WMS�A?RAF�@PC?I ?EC�?R

RFC�@JMAI �UFCPC�GR�U?Q�GLRPMBSACB”�LMR�RFPCC�@JMAI Q�J?RCP�UFCL�WMS�F?TC�LM�GBC?�UF?R

AF?LECB̃

21



�� �	 �� �� �� �� �� �� �/�	 �� �� �� �� �� �� �� �� �� �� � �� �� �
 �� �
 �� �� ��

� FCL�QMK CMLC�?QI Q�¦UFW�BMCQ�RFGQ�AMBC�UMPI �RFGQ�U?W•¦”�RFC�� � � �BMA�F?Q�RFC

?LQUCP̃�
R�U?Q�BCQGELCB�RM�F?LBJC�RFC�CBEC�A?QCQ�JGQRCB�GL�� SQGLCQQ�� SJCQ̃�
R�BCNCLBQ�ML

RFC�AMLRP?AR�BCþLCB�GL� �6�9�B�� �� �� �� �� �� �� �� �B�
 �� �� �� �� �̃
R�U?Q�@SGJR�RM�Q?RGQDW�RFC�PCOSGPCK CLRQ

A?NRSPCB�GL�� F?QC�Ễ �� MS�F?TC�?�N?NCP�RP?GJ�RF?R�BGBL¥R�CVGQR�@CDMPC̃

�� �� �
 �� �� �� �� �� �� �� �� �� �
 �� �� �� �� �� �� �� �� �� �� �$�� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�b�� �� �� �� �� �� �� �� �R?I CQ�?@MSR�Ì É�QCAMLBQ�?LB�RCJJQ�WMS�UFGAF�BMASK CLRCB�DC?RSPCQ�F?TC

F?B�AMBC�AF?LECQ�QGLAC�RFCGP�J?QR�� � � �QCQQGML �̃� SL�GR�@CDMPC�?�PCJC?QC�?LB�WMS�I LMU

CV?ARJW�UFGAF�DC?RSPCQ�K GEFR�F?TC�BCTG?RCB�DPMK �RFCGP�QNCÃ�� GPC�GR�GLRM�� 
 �?LB�BPGDR

@CAMK CQ�?�þPQR™AJ?QQ�K CRPGA�GLQRC?B�MD�?L�GLTGQG@JC�?AASK SJ?RGLE�NPM@JCK ˜

�� �� �� �
 �� �� �� �� �� �� �� �� �/�	 �� �� �� �� �� �� �� �-�� �� �� �� �� �� �� �
 ��

� NQ�PSL@MMI Q�?PCL¥R�HSQR�BMASK CLR?RGML”�RFCW�CVCASRC̃�	 TCPW�BCNJMWK CLR�DMJJMUQ�RFC

Q?K C�NPC™ÿGEFR”�PCEGML™QCOSCLACB”�E?RC™AFCAI CB�NPMACBSPC̃�� MJJ@?AI �QRCNQ�?PC�BCþLCB

@CDMPC�RFC�BCNJMWK CLR�QR?PRQ”�LMR�GK NPMTGQCB�?R�Ë?K �?DRCP�QMK CRFGLE�UCLR�UPMLE�GL

NPMBSARGML˜

GETTING STARTED

� FC�� � � �UMPI ÿMU�QFGNQ�UGRF�RFC�� J?SBC�� MBC�� ?QRCPW�� PMHCAR�� R?PRCP�� GR̃�
D�WMS¥PC

?JPC?BW�SQGLE�RFC�QR?PRCP�I GR”�WMS�F?TC�� � � �?T?GJ?@JC�PGEFR�LMU �̃� SL� �b�� �� �� �� RM�QR?PR

WMSP�þPQR�DC?RSPC̃


D�WMS¥PC�LMR�SQGLE�RFC�QR?PRCP�I GR”�WMS�A?L�GLQR?JJ�� � � �GLRM�?LW�CVGQRGLE�NPMHCAR–

�b�
 �� �� �� �� �
 �
 �B�� �� �� �� � �̂� �� �� �	 �_

� FGQ�AMNGCQ�RFC�� � � �AMK K ?LB�?LB�QA?� MJBQ�RFC� �G�� �� �� �b�BGPCARMPW�QRPSARSPC̃�
R¥Q�LML™

BCQRPSARGTC”�LMRFGLE�ECRQ�MTCPUPGRRCL˜


 MP�CVGQRGLE�AMBC@?QCQ�UGRF�LM�BMASK CLR?RGML”�QR?PR�UGRF–

�b�� �� �� �� �� �� �� �� �� �� �� �B�� �� �� �
 �� �� �� ��
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� � � �UGJJ�QA?L�WMSP�QMSPAC�þJCQ”�þLB�SLBMASK CLRCB�AMBC”�?LB�FCJN�WMS�APC?RC

BMASK CLR?RGML�DPMK �RFC�CVGQRGLE�GK NJCK CLR?RGML �̃� LAC�WMSP�K ?HMP�DC?RSPCQ�?PC

BMASK CLRCB”�PSL� �b�� �� �� �� �� �� �� �
 �� �RM�þLB�E?NQ”�RFCL� �b�� �� �� �� �� �� �� �� �RM�RP?AI �BPGDR�EMGLE

DMPU?PB̃

THE MENTAL MODEL SHIFT

� FC�QFGDR�� � � �?QI Q�WMS�RM�K ?I C�GQ�?AACNRGLE�RF?R�BMASK CLR?RGML�GQ�LMR�U?QRC̃�
R�GQ�RFC

?QQCR̃�� MBC�GQ�CNFCK CP?J̃�� COSGPCK CLRQ�AF?LEC”�PCD?ARMPQ�F?NNCL”�þJCQ�ECR�PCL?K CB”

DC?RSPCQ�ECR�PCK MTCB̃�� FC�BMASK CLR?RGML�A?NRSPCQ�UF?R�U?Q�GLRCLBCB”�UF?R�U?Q

BCAGBCB”�UF?R�U?Q�BCDCPPCB”�?LB�UFW̃�� F?R�GLRCLR�GQ�CV?ARJW�UF?R�WMS�JMQC�UFCL�WMS

¦HSQR�SQC�� J?SBC¦�?LB�AJMQC�RFC�R?@̃

� � � �GQ�FMU�WMS�K ?I C�� J?SBC�?�PCJG?@JC�JMLE™RCPK �AMJJ?@MP?RMP�GLQRC?B�MD�?�A?N?@JC

QFMPR™RCPK �?QQGQR?LR̃�� FC�GLTCQRK CLR�GL�BMASK CLR?RGML�N?WQ�M� �CTCPW�RGK C�WMS�MNCL�?

LCU�QCQQGML�?LB�� J?SBC�NGAI Q�SN�CV?ARJW�UFCPC�WMS�JCDR�M� ”�CTCPW�RGK C�?L�?SBGR�A?RAFCQ

?�PC?J�@SE�@CDMPC�GR�PC?AFCQ�NPMBSARGML”�CTCPW�RGK C�?�QA?L�RCJJQ�WMS�QMK CRFGLE�F?Q

BPGDRCB�@CDMPC�GR�@PC?I Q�QMK CRFGLE�BMULQRPC?K ˜

� FC�UMPI ÿMU�GQ�@SGJR�DMP�RFC�U?W�QCPGMSQ�QMDRU?PC�BCTCJMNK CLR�?ARS?JJW�UMPI Q–�?APMQQ

K ?LW�QCQQGMLQ”�?APMQQ�K ?LW�DC?RSPCQ”�UGRF�PC?J�BCNCLBCLAGCQ”�PC?J�AMLQRP?GLRQ”�?LB�PC?J

AMLQCOSCLACQ�UFCL�RFGLEQ�EM�UPMLẼ�� F?R¥Q�RFC�CLTGPMLK CLR�UFCPC�� � � �C?PLQ�GRQ

I CCÑ
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