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KFLtKpi�uQ]+RTO�uQX+KpRTLNR_UcR�XbZ�]YR_O3geaFOQKpuQO�XbZ#X�s0O6Pc]bUTX+PSR%ZfPcX+n UT÷FO
u�X+K0u�PcO�UTO�^tO6M+OQ^��Ã]bKÞ] � R_UTPS]+uÉU
sF^N]+KFKFLNKFiÝu6]+RTOÑuQX+KpRTLNR_UcR)XbZH]
R_O3g�apOQKpuQOHXbZFX�s0O6Pc]bUTX�PcRDZfX+Pcn�Uc÷FOÂ] � R_UTPS]+u�U"^tO6M+O6^w�5iH]+uS÷Ñ] � {
R=UcPc]�uÉU�X+s�OQPS]�UcX+PÂUc÷p]�U)Xlu6u�aFPSR�LNKÜ]bKÜ] � R=UcPc]�uÉU�uQ]�R_O�R_Uc]+KpoFR
ZfX+PÝ]�R_a � {¬RTO'geaFO6Kpu�O±XbZ�uQX+KpuQPTOQUTOÜX�s0O6Pc]bUTX+PSRYX+Z�UT÷FOÌu�X�P_{
PTOhR_s�X+KpoFLtKFiÌu�X�Kpu�PcO�UcOru6]+RTO+�Òö}Kßv¿|%OQPci+nY]bKpK�]bK0oûÿ LN^t��O+�
ú6�+�e�+x?]5u�X�nksFPTO6÷FOQK0R_LNM+O�ZfX+PcnY]b^�nkXlolO6^�XbZ�uQ]�R_O�] � R_UTPS]+uÉ{
UTLNX+KrLNR�OQ�lsF^N]+LtKpO6oÝLtK5olOQUc]bLN^��

4

3

2

1

use right tool

cut 1

cut 2

cut 3

cut 4

use center tool 

process raw A

process fine A

use right tool

cut 1

use left tool

cut 2

use center tool

cut 3

cut 4

cut 5

state abstraction state refinement

1 2

3 4 5

A

Available Concrete Case Abstract Case Refined Case

Case Abstraction Case Refinement

raw & fine

workpiece

workpiece

<(LNi+apPTO��Q&Li#�F]+n�sp^tO?XbZ"i�OQKFO6Pc]bUTLNKFiÑ]+KpoÝPTOQýpKFLNKFi�] � R_UTPS]+uÉU
uQ]+RTO6R6�

¥�¦ ��§©¨��E�<(LNi+apPTOØ�±sFPcO6RTOQKeUcRÑ]bK�O��F]bnksF^NOØX+Z�UT÷FOrPTO6^N]bUTLNX+KpRT÷FLNs � O�{
U=ø~O6OQKk]?uQX+KpuQPTOQUTO�uQ]�R_O�]+Kpok]bKk] � R_UTPS]+u�U#u6]+RTOÂLtK�UT÷pO�nY]bKl{
alZ¿]+u�UTaFPcLtKpiBoFX+nY]bLNKD�©S)OQPcO+�%UT÷FO±u�X+K0u�PcO�UTO!sF^`]bKpKFLtKpiûolXb{
nk]+LtKku�X�KeUc]bLNKpR\X�s0O6Pc]bUTX+PSR\]bKpo�sFPcO6oFLNu6]�UTOhR�UTX�olOhRTuQPTL � OÂUT÷FO
olO�US]bLN^tOhoçu�X�KeUTX+apP�X+Z)ø%X+Pc�espLtOhu�O6R�]bK0oçLNKpolLNMmLNola0]b^�nY]bKmal{
Z¿]+uÉUcaFPcLtKFi�X+s�OQPS]�UcLtX�KpR$vfO�� i0�t�FuQalU_UcLtKpi�]�uQOQPTUc]+LtK!]bPcO6]ex#Uc÷p]�U
n�apR_U � OÞs�OQPTZfX+Pcn�OhoÃ�ª$Â÷FOÞ] � R_UTPS]+uÉUØoFX+nY]bLNKÛ] � R_UTPS]+u�UcR
ZfPTX�n Uc÷FOÑolOQUc]+Lt^NO6o5uQX+KeUTX�aFP
]+Kpo!PTO6sFPcO6RTOQKeUcR�^`]bPci+O6P�aFKFLtUcR6�
uQ]b^N^NO6o�u�X+nksF^NO���sFPcXmuQO6RcR_LNKFi$]bPcO6]�RQ��UcX+i�O�UT÷pOQP�ø�LtUT÷�UT÷pO)R=US]�{



UcapR(XbZmUT÷FO6LtP(sFPcXmuQO6RcR_LNKFi�v¿O+� ip�"KpXbU(spPTXlu�OhRTRTO6oD�6PcX+aFi�÷F^NW)sFPcXb{
uQO6RcR_OhoÃ�FX�P�u�X+nksF^NO�UcO6opx��h$Â÷FO$^NO�ZÔU?R_L`olO$XbZL<�Lti�aFPcO��YRT÷FX�ø�R
]ÝR_OhuÉUcLtX�K5XbZH]ØuQX+KpuQPTOQUTO�u6]+RTO+��olOQsFL`uÉUcLtKpiØ÷FX�ø ]�R_UTO6sl{¬^tLN�+O
uQX+KeUTX�aFP�ø�LVUc÷çU=ø%XÞi�PTXmX�M+OhR�L`R�nk]+KmalZ¿]+u�UTaFPcO6o � Wû]ÌRTa � {
sp^N]+K�u�X+K0R_L`R=UcLtKpi�XbZD��R_UTO6spRQ�L$Â÷FO
] � R_UTPS]+u�U~uQ]�R_O���RT÷FX�ø�KkLtK
Uc÷FO�nkL`oFol^NOØXbZÂUc÷FLNR�ýpi�aFPTO���] � R_UTPS]+uÉUSR?ZfPTX�n�Uc÷FOÝoFO�Uc]+Lt^NO6o
uQX+KeUTX�aFP�]bKpoHR=apR_U�PTO6sFPTOhR_O6KeUcR%]ÑuQX+nksF^NO��ØsFPcXlu�OhRTRTLtKpiÑ]bPcO6]
K0]bnkO6op« UT÷p]bU�LtK0u�^NapolO6R�Pc]�øÓvwR=UcOQsl{¬^NLt��OÂuQX+KeUTX�aFPÉx(]+Kpo�ýpKFO
v¿i+PcXmX�M+O6RSx
OQ^NOQnkOQKeUSRQ�?$Â÷FOØuQX+PcPTOhR_s�X+KpoFLtKFi5] � R=UcPc]�uÉU�sF^`]bK
uQX+KeUc]+LtK0R��k] � R_UTPS]+u�U�R_UTO6spR'&#sFPTXluQO6RcR_LNKFikLtK5]�PS]�øÓnY]bKFKpOQP
]+KpoÝsFPTXluQO6RcR_LNKFikLtK!]�ýpKFO�nY]bKpKFOQPh�
�V�Q¬n/�E�O�*���E®��a®Y¯p�V�h�	�����%�Q�K�I�%���8�iHKFi+LNKFO6OQPcLtKFiÒolO6sp]bPTUTnkO6K�USRYø�÷FL`uS÷ÛolOQM�OQ^NX+s nY]bKmalZ¿]+u�UTaFPT{
LNKFi sF^`]bK0R5nY]bKmap]b^N^NW+��apRTap]b^N^tW�PTOhu�X�PcoÓUT÷FO6n v¿O+� ip�N��LtK ]
op]�Uc] � ]+RTOhxÑZfX�PÝolXluQaFnkOQKeUc]bUTLNX+K sFaFPcs�X�RTO6R6�6$Â÷FOhR_OÞsF^N]+KpR
uQX+KeUc]+LtK ]+^t^ØoFO�Uc]+Lt^`RÒKFOhu�OhRTRc]bPcW ZfX+Pçnk]+KmalZ¿]+u�UTaFPcLtKpi�Uc÷FO
ø%X+Pc�msFLNO6u�O���UT÷pOQW�PcOQspPTOhR_O6K�U#u�X�Kpu�PcO�UcO�uQ]+RTO6R\X�KF^NW+�\|~OhuQ]+apR_O
nY]+Kea0]b^m] � R_UTPS]+u�UTLNX+K�X+Z0R_a0uS÷ÑuQ]�R_OhR(RTOQO6nYR"UcX � OÂ]�UcPTO6n�O6Kl{
oFX+apRHO�ü�X+PTU6��] � R_UTPS]+uÉUHu6]+RTO6R�]+PTO�i�OQKFO6Pc]bUTOho�]+alUTX�nY]�UTL`uQ]+^t^NW
ZfPcX+nß]�i�LtM�OQK$u�X�Kpu�PcO�UcOHuQ]�R_O��Y<FX�PÃUT÷FL`R(sFaFPcs0XeR_O��h]�oFX+nY]bLNKl{
LNKpolO6s0O6KpolO6K�UYuQ]�R_Or] � R_UTPS]+u�UTLNX+Kû]+^ti�X+PcLVUc÷Fn ÷0]+R � O6OQK�oFO�{
M�OQ^NX+s�O6oÃ�û�?LNM+O6K�]Ìu�X+K0u�PcO�UTOr]bKpoç]bK�] � R_UTPS]+uÉU�sF^`]bKFKFLNKFi
oFX+nY]bLNKD�DUc÷FL`R�]b^Ni+X�PTLtUT÷Fn uQX+nksFalUcO6R�] � R_UTPS]+uÉU$uQ]�R_OhR?ZfPTX�n
]�i�LtM�OQK!u�X+K0u�PcO�UTO$u6]+RTO+�
° ��±��h�8§N�z�5�!®Y¯C�Y�h�	�����%�Q���Q�%���8�
ö}KIULWYX[ZM\Â]bK�] � R_UTPS]+uÉU%R_X�^talUcLtX�KYu�X+KeUS]bLNKFO6okLNKØ]bK�] � R_UTPS]+uÉU
u6]+RTOYLNR�PTOQýpKFO6oB]+alUTX�nk]bUTL`uQ]+^t^NW5UTX±]5u�X+K0u�PcO�UTOk^NOQM�OQ^HRTX+^Nal{
UcLtX�KD��$Â÷pO�PcLNi+÷eU?RTLNoFO�X+Z/<�LNi+aFPcO��rRT÷FX�ø�R
]+KÞOQ�l]+nksF^tOkX+Z
RTapuS÷r]�PcO�ýpKpOQnkOQKeU6�#yH^tOh]+RTO)KFX+UTO
UT÷p]bU~Uc÷FO$u�X+KeUcX+aFP%XbZDUc÷FO
U=ø%X�ø%X+Pc�msFLtOhu�OhR�olLtü�O6PcR~olPc]�R=UcLNu6]b^N^tWk]�UHUT÷FO?u�X+K0u�PcO�UTO)^tO6M+OQ^��S)X�ø~O6M+O6P6�~UT÷FOÌ] � R_UTPS]+u�UÝuQ]�R_O5nY]bUcuS÷FOhR�O��F]�uÉUT^NW � OhuQ]ba0R_O
Uc÷FO?��]�UcX+nkLNu)u�X+KeUcX+aFP~OQ^NOQnkOQKeUcR~LNKYUT÷FO
KFOQøÓsFPTX � ^NOQn'uQ]bK
� OØ] � R=UcPc]�uÉUcO6oÞUTXÜ]!u�X�n�sp^tOQ�±sFPcXlu�O6RcRTLtKFi5]+PTOh]Øø�LtUT÷ÒPS]�ø
]+Kpo�ýpKFO)OQ^NOQnkOQKeUcR6�\�)aFPcLNKFi�PcO�ýpKFO6nkOQKeU6�+UT÷FO)] � R_UTPS]+uÉU�X�sl{
O6Pc]bUTX�PcR"XbZlUT÷pO%] � R=UcPc]�uÉU\uQ]+RTO~]+PTOHapR_Oho$UcX)i+apLNolO~UT÷pO~i�OQKFO6P_{
]bUTLNM+O�sp^N]+KFKFOQPHUTX$ý0Kpo�]$PcO�ýpKpO6oYRTX+^NalUTLNX+KkUcX$UT÷FO
sFPcX � ^NOQn!�$Â÷pOQPcO�ZfX+PcO+��O6]�uS÷�] � R_UTPS]+u�UHR=US]�UTO)LNR~apRTO6oY]+R~]$�mLtK0okXbZ"RTa � {
i�X�]+^w�5$Â÷FO)sF^`]bKpKFOQPHR_Uc]+P_USR�ø�LtUT÷kUc÷FO
uQX+KpuQPTOQUTO�LNKFLVUcLN]+^�R_Uc]bUTO
ZfPcX+n UT÷pO�KFOQø'sFPcX � ^tO6n olOhRTuQPTLNslUTLNX+Kû]+KpoÒRTO6]bPSuS÷FOhR?ZfX+P�]
RTO'geaFO6Kpu�OhR�XbZ�u�X�Kpu�PcO�UcO�X�s0O6Pc]bUTX�PcR?^NO6]+oFLtKFirUcXÜ]ruQX+KpuQPTOQUTO
R_Uc]bUTO
UT÷p]bU�uQ]bK � O$] � R=UcPc]�uÉUcO6oYUcX�Uc÷FO?ýpPSR=U�] � R_UTPS]+u�UÂR_Uc]bUTO
LNK$Uc÷FO~] � R=UcPc]�uÉU(u6]+RTO+�Y$Â÷pOHPcO6RTaF^VUcLtKpi�X+s�OQPS]�UcX+P"RTO'geaFO6Kpu�O�L`R
]�PcO�ý0KFOQnkOQKeUHX+Z0Uc÷FO�ýpPSR_UH] � R_UTPS]+u�U�X+s�OQPS]�UTX�P6��q�^N^pPcOQnY]bLNKl{
LNKFi�] � R=UcPc]�uÉU�X�s0O6Pc]bUTX+PSR�]bPcO?UT÷FO6KÜR_O3geaFOQKeUTL`]b^N^NWØPcO�ýpKFOhorLtK
Uc÷FO
Rc]bnkO�øÂ]�W+�(ö}KYUT÷pO)s�X+PTUTLNX+KYXbZ�Uc÷FO
u6]+RTO)R_÷pX�ø�K�LNK"<�LNib{
apPTO)�p�bUc÷FO)] � R=UcPc]�uÉU�X+s�OQPS]�UcX+P.xz���3�A
��������	JK² L`R�PcO�ýpKFOho�UTX
]±R_O3geaFOQKpuQOØX+Z�ZfX+aFPku�X�Kpu�PcO�UcOØR=UcOQspRÑø�÷FL`uS÷ûnY]bKmalZ¿]�uÉUTapPTO
]+PTOh]Øú�]+Kpo?�l�s$Â÷FO�KFOQ�mU
] � R_UTPS]+u�U%X�s0O6Pc]bUTX�P%L`R�PcO�ýpKpO6oÝUTX
]rZfX�aFPT{¬R_UTO6sBRTO'geaFO6Kpu�OØø�÷FLNuS÷BnY]bKmalZ¿]�uÉUcaFPTOhR�UT÷pO�i+PcXmX�M+O6R
�p�l�p�F]+Kpo5�l�
ÿÌOÑuQ]+KÜR_O6OQK!Uc÷p]�U�Uc÷FOÑ] � R_UTPS]+uÉU)u6]+RTO�olOhu�X+nks�X�RTO6RÂUc÷FO

X�PTLNi+LNKp]+^#sFPTX � ^NOQn�LNKeUTXÞ]5RTO�UÑXbZÂn�apuS÷ûRTnY]b^N^tO6P�R_a � sFPcX � {

^tO6nkR6�(�
aFOHUTX�Uc÷FL`R�oFO6u�X�nks0XeR_LtUTLNX+KD�hUc÷FOHOQü�X�P_U(ZfX+P�sFPTX � ^NOQn
R_X�^tMmLNKFi$LNR%olPS]+R_UTL`uQ]+^t^NW�PcO6ola0u�O6oØu�X+nksp]+PTOhoÑUTXÑ]�sFaFPcO�ZfPTX�n
RTuQPc]bUcuS÷ØspPTX � ^tO6n RTX+^NM+OQPh�
�´³/�%¨h�O�[���E®5�ª®Y¯p�V�h�	�����%�Q�K�I�%���8�ULWYX[ZM\#]+^NRTX�s�OQPTZfX+PcnkR�RTX+^NalUTLNX+K�]�oF]bsFUc]�UcLtX�KD�Y<pX+P(UT÷p]bU�sFapP_{
s0XeR_O���]�u6]+RTO�vfO6LVUc÷FOQP%] � R_UTPS]+u�UHX+P%u�X�Kpu�PcO�UcOhx\L`R/��
�8
���	B��lµ3
��
LtKeUTXk]Ñi+OQKpOQPS]b^NLl�6O6oØu6]+RTO�vwR_LNnkLt^`]bP%UcXk]�RcuS÷FOQnY]ÑX+P�RTuQPTLNslUÉxÉ�
jmapuS÷Ò]ri+OQKpOQPS]b^NLl�6O6oÌuQ]+RTOYolXmO6R$KpXbU�X+Kp^tWÞoFO6Rcu�PcL � O�]!R_LNKl{
i+^NO�sFPcX � ^NOQn ]+KpoÜ]rR_LNKFi�^tOkR_X�^taFUTLNX+K � aFU$]kx8������B^
�j¶��Bl�	���
UTX+i�O�Uc÷FOQP�ø�LtUT÷�]V����B�0@)E�,�	�f��Bl�	���S�ÌjmapuS÷ûu�^`]+RcRTO6R�]+PTOYPcO6]+^V{
Ll�6O6o � W5LNKeUTPcXmoFapu�LNKFi�-	�	�+�,����B^
+��LtKeUcX�UT÷pO�LNKFLtUTL`]b^#]bK0oÜi+Xe]b^
R=US]�UTO$]�R�ø~O6^t^(]+RÂLNK�UcXkUT÷FO$sp^N]+KD�~q
oFolLtUTLNX+Kp]+^t^NW+�p]ki�OQKFO6Pc]+^V{
Ll�6O6o�uQ]+RTO�u�X�K�US]bLNKpR#]p�
�)L�·�(�A���Q�+)E���	����),�(UT÷p]bU�PTOhR=UcPTL`uÉUSR�UT÷FO
LtKpR_Uc]+KeUTL`]�UTLNX+K!X+Z#UT÷FOhR_OÑM�]+PTL`] � ^tOhRQ�¸ULWYX[ZM\$LtKpuQ^ta0olO6R?]bKÜ]+^V{
i+X+PcLtUT÷Fn-ZfX+P�]+alUTX�nY]�UTL`uQ]+^t^NWki+O6KFOQPS]b^NLl�6LtKpiÑu�X�Kpu�PcO�UcO
X�P�] � {
R=UcPc]�uÉU�uQ]�R_OhR~LNKeUTX�RcuS÷FOQnY]�R?vw|%OQPci+nY]bKFK"�Ãú6�+����x � WÝ]bspsF^tWe{
LtKFiÌO��lsF^`]bK0]�UTLNX+KF{ � ]�R_Ohoûi�OQKFO6Pc]+^tL^�6]bUTLNX+KÓvwù5LVUSuS÷FOQ^N^�OQUY]+^w�N�
ú6�O����x��Üq)oF]+slUc]bUTLNX+KÒø�LtUT÷çi�OQKFO6Pc]+^tL^�QOhoBuQ]+RTO6R�LNR�olX�KFO � W
ýpKpolLNKFi5]bK±LtKpR_Uc]+KeUTL`]�UTLNX+KÌXbZ~UT÷FOkM�]bPcL`] � ^NO6R�RTapuS÷ÞUc÷p]�U$LNKl{
R=US]bKeUTL`]�UcO6o$i�OQKFO6Pc]+^tL^�QOho�uQ]�R_O~nk]bUcuS÷FOhR(UT÷FO~Uc]+PTi�O�U\sFPTX � ^NOQn
UTX � O5RTX+^NM+OhoÃ�:ö}KGULWYX[ZM\b�HnY]bUcuS÷FLNKFi v¿RTLtnkLN^N]+PTLtU=Wç]�RTRTO6RcR={
n�O6KeUSx~]bKpoÝ]+oF]+slUc]bUTLNX+K�L`RÂolX+KFO � W�]�u�X�KpR_UTPS]bLNK�UÂRT]bUTL`R=Z¿]�uÉ{
UTLNX+KçspPTX � ^tO6n R_X�^tM�OQPh�K$Â÷FO!O�ü�X+PTUÑZfX�PkRTX+^NMmLtKpiÜUT÷pLNRYuQX+Kl{
R=UcPc]+LtKeU~Rc]�UcLNR_Z¿]+u�UTLNX+KkUc]�R_�Yu6]bK � O
M�OQPcWÑ÷FLNi+÷Y&(LNK�Uc÷FO)ø%X+PSR=U
uQ]+RTO�LtU%L`R~O��ls0X�KFOQKeUcLN]+^0LNKYUT÷pO
KmaFn � O6P~X+Z"u�X+K0R=UcPc]+LtKeUcR~]bKpo
UT÷FO�RTL^�QO�X+Z#UT÷FOÑsFPTX � ^NOQn uQ^N]�RTR6��$~WespLNu6]b^N^tW��FUT÷pO�PcOQsFPcO6RTOQKl{
Uc]�UcLtX�KpR\]�U�]?÷FLNi+÷FO6P#^tO6M+OQ^mX+Z�] � R=UcPc]�uÉUcLtX�KÑ]bPcO%^tOhRTR#uQX+nksF^NO��
UT÷p]+K PTO6sFPTOhR_O6KeUc]�UcLtX�KpR5]�U±^tX�ø%OQP5^NOQM�OQ^`RQ� d X+K0R_O3g�apOQKeUT^NW+�
i+OQKpOQPS]b^NLl�6O6o$uQ]�R_OhR"]bU�÷FLNi+÷pOQP�^tO6M+OQ^`R(XbZp] � R=UcPc]�uÉUTLNX+KÑu�X+KeUS]bLNK
^tOhRTR?u�X�KpR=UcPc]+LtKeUSR
]+KpoÜUc÷FOksFPcX � ^NOQn uQ^N]�RTR
LNR�uQX+nks0XeR_OhoÜX+Z
]�R_nY]+^t^�KmaFn � OQP%XbZDspPTO6s0XeR_LtUTLNX+KpR6�.$Â÷FOQPcO�ZfX�PTO��e]�oF]bslUS]�UcLtX�K
XbZÃ] � R_UTPS]+u�UHuQ]+RTO6R\PcO'geaFLNPcO6R#^NO6RcR#O�ü�X+PTU#UT÷0]bK�]+op]bslUS]�UTLNX+KkX+Z
u�X+K0u�PcO�UTO�uQ]�R_OhRQ�

~%A";_A"ô�ðFõ_I)Eubdc(_�ðlCF9#ô�ðfe±9L_eAY_;¹Ûó�CpõTI�E
8:AÃðlCpõ=A%º�9#;

ÿ LVUc÷FLtK Uc÷FOÒZfPS]bnkOQø%X+Pc�:XbZkapR_LNKFiÛ] � R=UcPc]�uÉUcLtX�KÓLNKßu6]+RTO�{
� ]+RTO6okPcO6]�R_X�KFLtKpip��]�nY]	R=X+P~sFPcX � ^NOQn-LNR~UcX�PcO�UTPcLNOQM+O
]bsFsFPcXb{
sFPTL`]�UcO�uQ]�R_OhR�ZfPTX�n�Uc÷FOØu6]+RTO � ]+RTO+�ÜjmO6^tOhuÉUTLNKFi5Uc÷FO�ø�PcX+KFi
uQ]+RTOkuQ]bKBRT^tX�øàoFX�ø�K±sFPcX � ^tO6n�R_X�^tMmLNKFirX+P$uQ]+K±O6M+OQKÌsFPcO�{
M+OQKeU)]YspPTX � ^tO6n ZfPcX+n � OQLNKFiØRTX+^NM+O6oD��$Â÷pOQPcO�ZfX+PcO+�0ø~O�KFX�ø
ZfXmuQapRÂX+Kr÷FX�øÓUTXYPcO�UTPcLNOQM+O�]bspsFPTX�sFPcLN]bUTO�uQ]+RTO6R6�
»V�z�s�8�����#�I®5�s���*³/�8���[���*®5�s�$"X�OQKp] � ^NO?]+KÝO¼YuQLtO6KeUÂX�M�OQPS]b^N^0u6]+RTO�{ � ]+RTO6oYspPTX � ^tO6n1R_X�^tMe{
LtKFiÞU=ø~X±nY]	R=X+PÑZ¿]+u�UTX�PcRÑn�apR_U � O!u�X�KpR_L`olO6PTOhoûolaFPcLtKpi±PcO�{
UTPcLtO6M�]+^w��jmLNKpuQO)Uc÷FO�X�M+OQPS]b^N^�uQ]+RTO�{ � ]�R_O�spPTX � ^tO6n RTX+^NMeLNKFiÑO�ZÔ{
ZfX+PTUÝL`R�Uc÷FO±RTaFn XbZ$Uc÷FOÌPTOQUTPcLtO6M�]+^)OQü�X�P_U!]bKpo:Uc÷FOÌPTO6apR_O
O�ü�X+PTU6�

| ]�u6]+RTO
v¿OQLtUT÷FO6P�] � R=UcPc]�uÉU�X+P(uQX+KpuQPTOQUTO�xÃn�a0R=U � O~PTOQUTPcLtO6M+Oho
Uc÷p]�UÞu6]bK � OûPTO6apRTO6o�UTXÛRTX+^NM+OBUc÷FOûKFO6ø sFPcX � ^tO6n � W
RTs0O6KpolLNKFiY]+RÂ^NLVUTUT^NO$O�ü�X+PTU)]+RÂs�X�RcR_L � ^NO?ZfX+P�PcOQapRTO$]bKpo



| UT÷pO%OQü�X�P_U\ZfX�P(Uc÷FOÂPTOQUTPcLtO6M�]b^lR=UcOQs�LVUSR_O6^VZ�R_÷pX+aF^`o � O�]+R�^NX�ø
]+RÂs�X�RcRTL � ^NO+�
<FX�P�uQ]�R_OQ{ � ]�R_OhoÜPcO6]�R_X�KFLtKpirRTWlR=UcOQnYR�UT÷0]�U�nY]b��O�a0R_OYX+Z

] � R_UTPS]+uÉUcLtX�KD�DUc÷FO�OQü�X�P_U$ZfX�P�PTO6apRTO�uQ]bK � OØ]bie]bLNKÌoFLtMmL`olO6o
LNKeUTX±UT÷FO!OQü�X�P_U�ZfX+PY]+op]bslUcLtKFiÌ]bK:] � R_UTPS]+u�U�RTX+^NalUTLNX+K ]bKpo
Uc÷FO$O�ü�X+PTUÂZfX+P�PcO�ýpKpLtKFi�Uc÷FO$]+oF]+slUTOhoÝ] � R=UcPc]�uÉU�RTX+^NalUTLNX+KÝUTX
]�uQX+KpuQPTOQUTOÂR_X�^talUcLtX�KÝvwR_O6OÂ]+^NRTXD<(LNip�L�+x��(ö¬Z�ø~O%US]b�+OÂ]�u�^NX�RTOQP
^NXmX+�Ø]bUÂUT÷FOhR_O$OQü�X�P_USRQ�lø%O�X � RTOQPcM+O
UT÷p]bU

| UT÷pOHO�ü�X+PTUÃZfX+P�]+oF]+slUc]bUTLNX+K�LNKpu�PcO6]�R_OhRQ�6UT÷FOH^tX�ø%OQPÃUc÷FO�^NOQM�OQ^
XbZ%] � R_UTPS]+u�UTLNX+KÜX+ZHUT÷pO�u6]+RTOÑL`RQ��$Â÷FOÑPcO6]�R_X�K5ZfX+P?Uc÷FLNR�L`R
UT÷0]�U�uQ]+RTO6R~]�U%^tX�ø%OQP~^tO6M+OQ^`R�LNKpuQ^tapoFO
nkX+PcO
oFO�Uc]+Lt^`R~LtKYUc÷FO
PcOQsFPcO6RTOQKeUc]bUTLNX+KB]b^N^#XbZ�ø�÷FL`uS÷Bn�apR_U�s0XeRTRTL � ^tW � OØn�XlolLt{
ýpOhoÒu�X+K0R_L`R=UcOQKeUT^NWÜUcXÞu�X�nkOkUTXÞ]ÜRTX+^NalUcLtX�K±ZfX�P$UT÷pOØKFO6ø
sFPcX � ^NOQn!�

| z
KßUT÷pOçXbUc÷FOQP±÷p]bK0oÃ��Uc÷FOçOQü�X�P_UÜZfX�PÞPcO�ýpKpOQnkOQKeUÌoFO�{
u�PcO6]�R_OhR�Uc÷FO�^tX�ø%OQP%Uc÷FO�^tO6M+OQ^�X+Z�] � R=UcPc]�uÉUTLNX+KØXbZ"Uc÷FO$uQ]�R_O
L`RQ�L$Â÷FO�PcO6]�R_X�K�ZfX�P�Uc÷FLNRHLNR�UT÷p]bUHLNKYn�X�PTO
u�X+K0u�PcO�UTO�u6]+RTO6R
^NO6RcR�olO�US]bLN^NR�]+PTO?nkLNRcR_LNKFi�UT÷0]�U�n�apR_U � O$i�OQKFO6Pc]bUTOhoØolaFPT{
LNKFi�UT÷FO$PcO�ýpKpOQnkOQKeU6�

Level of Abstraction
abstract concrete

Reuse Effort

low

high

1

2

3 1 Adaptation Effort

2 Refinement Effort

3 Total Effort (1+2)

optimal point

<�LNi+aFPcOk� &H��O6apRTOYO�ü�X+PTU$oFOQs�OQKpolLNKFiÜX�K±^NOQM�OQ^#X+ZÂ] � R=UcPc]�uÉ{
UcLtX�KD�

<�Lti�aFPcO��
RT÷FX�ø�R�Uc÷FO6RTOHOQü�X�P_USR"olO6s0O6KpolLNKFi
X�K�UT÷FO~^tO6M+O6^�X+Z
] � R_UTPS]+uÉUcLtX�KD�.<FPcX+n Uc÷FO6RTO$M+O6PTWYi�OQKFO6Pc]+^�uQX+KpRTL`olOQPS]�UcLtX�KpRHLtU
� O6uQX+nkO6R�LtnknkO6olL`]�UcOQ^NWYu�^NO6]bP\Uc÷p]�UHUT÷FO � OhR=U~u6]+RTOÂZfX+P�PcOQa0R_O
L`R�a0R_ap]+^t^NWØ^NXluQ]bUTO6o5]bU)R_X�nkO$n�L`oFol^NO�^NOQM�OQ^DX+Z�] � R_UTPS]+u�UTLNX+K%�
KpOQLtUT÷FO6P�UT÷FOYnkX�R_U�] � R=UcPc]�uÉU�KFX+P�Uc÷FOYnkX�R_U$uQX+KpuQPTOQUTOkuQ]�R_O
RT÷FX�aF^No � O$PTO6apR_OhoÃ�
|%O6RTLNoFO6R#Uc÷FO�R_O6^tOhuÉUTLNX+KYX+Z"]bKØ] � R_UTPS]+uÉUHu6]+RTO�UT÷0]�U�uQ]bK � O

PcOQa0R_OhoÒO�¼�u�LNOQKeUc^tW���UT÷pOÝPcO�UcPTLNOQM�]b^%sFPcXlu�O6RcRÑLVUSR_O6^VZ?n�apR_U � O
O¼�u�LNOQKeU�]�R?ø~O6^t^���qàUTPS]+olOQ{�X+ü � O�U=ø%OQO6KÞUc÷FOÑX � R=O6u�UTLNM+OÑUTX
ý0KpoÝUT÷FO � O6R_U
uQ]�R_O$]+Kpo�Uc÷FO$X � R=O6uÉUcLtM�O�XbZ\n�LNKFLNnkLl�6LtKFikUc÷FO
PcO�UcPTLNOQM�]+^(UcLtnkOkO��lL`R=USR�]+R�olOQspLNu�UTO6o±LNKV<�LNi+aFPcO��Ìv¿]�oF]bsFUTO6o
ZfPcX+n vM½#OQ^NX�RTXp�Hú6�+���+xTxÉ�Yq)R?Uc÷FOYKmaFn � OQP�X+Z%u6]+RTO6R�MmLNRTLtUTO6o
oFaFPTLNKFi$PcO�UcPTLNOQM�]b^lLNKpuQPTOh]+RTO6R6��n�X�PTOÂUcLtnkO�nÑapR=U � O)RTs0O6KeU#ZfX+P
PcO�UcPTLNOQM�]+^)v¿RTOQOØuQaFPcM+O"�+x � alU � O�UTUTOQPkuQ]�R_OhR�PTOhR_ap^VUcLtKFiÞLtKû]
RT÷FX�P_UcOQP(]�oF]bsFUc]�UcLtX�K�UTLNnkOHø�LN^t^ � O~ZfX+apKpo�v¿RTOQO%u�aFPcM+O)úhxÉ��J�s
UcX�]$u�O6P_US]bLNK�s�X+LNKeU)vfX�slUTLNnY]b^ps�X+LNKeUSx��+Uc÷FOÂUTX+Uc]b^0uQ]+RTO�{ � ]�R_Oho
sp^N]+KFKFLNKFiYUTLNnkOØvfPcO�UcPTLNOQM�]+^�¾
PcOQapRTO+�0R_O6O�u�aFPcM+O��ex�olO6uQPTOh]+RTO6R
ø�÷pOQKknkX+PcO�uQ]+RTO6R#]+PTOÂMmL`R_LtUTOho�oFaFPTLNKFi$PcO�UcPTLNOQM�]b^���S)X�ø~O6M+O6P6�

� O6W+X+K0o UT÷pLNR5s�X+LNKeU!UT÷FOBUcXbUc]+^$sF^`]bKFKFLNKFi UTLNnkOÒLtK0u�PcO6]+RTO6R
]bi�]+LtK�LVZ$nkX+PcO5uQ]�R_OhR�]+PTO!MmL`R_LtUTOhoÃ� � OhuQ]ba0R_OrUT÷pO5s0XeRTRTL � ^tO
i�]bLNK�UT÷FPcX+aFi�÷ ýpKpolLNKFi � O�UTUTOQPruQ]�R_OhRYolXmO6R�KpXbU�X+aFU=ø~O6Lti�÷
UT÷FO�O�ü�X+PTU�XbZ(ýpKpolLNKFikUc÷FOQn!�

Cases visited during retrieval
a few cases many cases

Effort

low

high

1

2

3
1 Reuse effort

2 Retrieval effort

3 Total effort (1+2)

optimal point

<(LNi+apPTOk�@&($(PS]+olOQ{�X+ü � O�U=ø%OQO6KÞPcO�UTPcLNOQM�]b^\O�ü�X+PTU$]bKpoÞPTO6apR_O
O�ü�X+PTU6�

¿ �E�����%����À/�E�Q�Y��®Y���Y���h�EÁQ�[���*®5�a®Y¯H��Às�;�Q�%���d�/�%���$Â÷FO�OQK0] � ^NO�]bK$O¼YuQLtO6KeU"PTOQUTPcLtO6M�]b^��QUc÷FO�X+Pci�]+KFL^�6]�UcLtX�K
X+ZmUT÷FO
uQ]+RTO � ]�R_O$sF^`]�WlR)]+K5Ltnks�X+PTUc]bKeU)PcX+^NO+�Âö}K!ULWYX[ZM\b�0] � R_UTPS]+uÉU
uQ]+RTO6RH^tXlu6]�UTOho�]�U�olLtü�O6PTO6KeU~^NOQM+O6^NR~XbZ"] � R_UTPS]+uÉUcLtX�KØ]bPcO�apRTO6o
]+R�÷FLNOQPS]bPSuS÷FL`uQ]+^ÃLtKpoFO��lO6R�UTXYUc÷FX�RTO�u�X�Kpu�PcO�UcO�vfX�P
] � R=UcPc]�uÉUSx
uQ]+RTO6R�UT÷0]�U�u�X�K�US]bLNKûUc÷FO5RT]+n�Or�mLtK0oçX+Z)LtKFZfX+Pcnk]bUTLNX+K � alU
]�U�]knkX+PcO�oFO�Uc]+Lt^NO6oÝ^NOQM+O6^w�h<FX+PÂUc÷FL`R�sFaFPcs0XeR_O��F]bKw�O���+)*�A�O��)*�,���´>1�,
���	����>1��L`R?uQX+KpR_UTPcapu�UTO6o±olaFPcLtKpiØUc÷FOkPTOQUc]bLNKÞsp÷p]+RTO+�
LtK5ø�÷FL`uS÷Þ] � R=UcPc]�uÉU)u6]+RTO6R)]bU)÷FLNi+÷FO6P)^NOQM�OQ^`R�XbZ�] � R=UcPc]�uÉUcLtX�K
]bPcOÑ^NXluQ]�UcO6oB] � X�M+Ok] � R=UcPc]�uÉU$uQ]+RTO6R$]bU�^tX�ø%OQP�^NOQM�OQ^`RQ�k$Â÷FO
^tOh]�ZDKFXlolOhR~X+ZDUT÷pLNR%÷FLNOQPS]bPSuS÷mWÑu�X�KeUc]bLNKÝuQX+KpuQPTOQUTO)u6]+RTO6R?v¿RTOQO<(LNip�F�exÉ�

Abstract
Cases

Conrete
Cases

level of
abstraction

high

low

Abstraction hierarchy

C

C

1

2

<�Lti�aFPcO�� &#q � R_UTPS]+u�UTLNX+Kr÷FLtO6Pc]+PcuS÷mWkZfX�P�LtKpoFO��lLtKpiku6]+RTO6R6�
�
aFPcLtKFi PcO�UcPTLNOQM�]+^w�ØUT÷FL`Rû÷FLNOQPS]bPSuS÷mWàL`RÒUcPc]�M�OQPSR_Oho UTX�sl{

olX�ø�KD��$Â÷FO�] � R_UTPS]+uÉU?uQ]+RTO�]bU�UT÷FOÑKFXlolO�X+Z\UT÷FOÑ÷FLtO6Pc]+PcuS÷mW
LNR)O��F]bnkLNKFO6o5LNKÜX�PcolO6P�UTX�ýpKpoÜX�alU)ø�÷FOQUT÷FO6P)Uc÷FOÑ] � R_UTPS]+uÉU



RTX+^NalUcLtX�KÜLVU$u�X�KeUc]bLNKpR
uQ]bK � Ok]+oF]+slUTOho!UTX � Ohu�X�n�O�]bKÞ] � {
R_UTPS]+u�UÑRTX+^NalUTLNX+KBUcXÜUT÷pOÝu�apPTPcOQKeU�sFPcX � ^tO6nr�5ö¬Z)UT÷FL`R�L`R$Uc÷FO
u6]+RTO+�hUT÷pO%RTapuQuQO6RcR_X�P"KFXlolOhR�XbZlUT÷pO%÷pLtO6Pc]+PcuS÷mW
]+PTO~O��F]bnkLNKFO6o
LNK5]ksFPcO6olOQýpKFO6orX�PcolO6P6�n$Â÷pO�R_Oh]bPSuS÷ØUc÷FPTX�aFi+÷ÝUT÷pLNR�÷pLtO6Pc]+P_{
uS÷mWrsFPcXmuQOQOhoFR)]bU�UT÷FOÑKFO��mU?^tO6M+OQ^(ø�LVUc÷5UT÷pO�ýpPSR=U?R_apu6u�OhRTRTX+P
KpXmoFO�UT÷0]�U$u�X+KeUS]bLNKpR)]+KÞ] � R_UTPS]+u�U
uQ]�R_O�UT÷p]bU
L`R
]�oF]bsFUc] � ^tO
ZfX�PÂUT÷FO�uQaFPcPTO6K�U�sFPcX � ^tO6nr�
q)R�O��lsF^`]bLNKFO6oBRTXÝZ¿]+P6�"UT÷FL`R�PcO�UcPTLNOQM�]+^�R=UcPc]bUTOQi�WÜ÷p]�R?U=ø~X

nY]�R=X+P�R_÷pX+PTUcu�X�nkLtKFieR&
| ö¬U\apR_a0]b^N^tW�OQK0oFR"aps�ø�LtUT÷Ñ]+KÑ]+sFsF^NLNu6] � ^NOHuQ]�R_O%]�U#]�^NX�ø~OhR=U
^NOQM+O6^Ãs0XeRTRTL � ^tO�^NOQM�OQ^ÃXbZ\] � R_UTPS]+u�UTLNX+KD�LS)OQKpuQO+�lø%O�oFXYKFXbU
÷FLtUHUc÷FO�X+sFUTLNnk]+^ps�X+LNKeUHLtKI<(LNip���p� � alU~ø~O)]+PTOÂUcXmX�n�apuS÷
X+KÝUT÷pO$PTLNi+÷eU�R_L`olO$X+Z�u�apPTM�O��p�

| ö¬U#÷p]+R(UcX
OQ�l]+nkLtKFO%nY]bKmW�uQ]�R_OhR(UTX�olO6uQLNolOÂø�÷FOQUT÷FO6P�UT÷FO6W
]bPcOÑ]�oF]bsFUc] � ^tO��Ãsp]bPTUTL`u�aF^`]bPc^NW!]+^NRTX!uQ]+RTOÑ]bU?^NX�ø%OQP?^tO6M+OQ^`R
XbZ�] � R=UcPc]�uÉUcLtX�KD�©S�O6Kpu�O���ø~OÜoFXÒKFXbUØ÷pLVU�Uc÷FOÜX�slUTLNnY]b^
s�X+LNK�UkLNK;<�LtiÒ�l� � alUY]bi�]+LtKçø~Or]bPcO�UTXmXÌn�apuS÷�X+KÒUc÷FO
PcLti�÷�U�RTLNoFO?X+Z\uQaFPcM+O$�F�

q
R$]ÝuQX+KpRTO'geaFO6Kpu�OÑXbZ�Uc÷FO6RTO�U=ø~X!RT÷FX+PTUcuQX+nkLtKpi�R6�pUc÷FLNR$]+sl{
spPTXe]+uS÷ÝRTs�OQKpoFR�]�^NXbU�XbZ\O�ü�X+PTUÂZfX+P�PcO�UcPTLNOQM�]b^Ã]+KpoÝRTOQ^NO6u�UcR�]
u6]+RTO?UT÷p]bU�PTO3g�apLtPcO6R%÷FLNi+÷!]+oF]+slUc]bUTLNX+KrO�ü�X+PTU6�
Â!¨h���7§N�EÁQ�8³ ° ���O���E��Ã[�Y�
ö}KYX�PcoFOQP#UcX�u�X+s�O�ø�LtUT÷YUc÷FO6RTO�sFPcX � ^tO6nkR6�+ø%O�÷p]�M�OÂUTX�nkXlom{
LtZfW UT÷FO±]bsFsFPcX�]�uS÷�LNKÓ]ÒøÂ]�WûUc÷p]�UruQ]+RTO6RYUT÷p]bUÝPcO'geaFLNPTOÜ]
÷pLti�÷Ý]+op]bslUS]�UTLNX+KYOQü�X�P_U�]bPcO)KpXbU%RTOQ^NO6u�UTOho � W�UT÷FO�PcO�UTPcLNOQM�]b^
]+KpoB]bPcOkKFXbU�O6M+O6K � O�O��F]+n�LNKFOhoÌoFaFPTLNKFi5PcO�UcPTLNOQM�]b^��"$Â÷FL`R
u6]bK � O)O¼YuQLtO6KeUT^NWÑPcO6]+^tL^�QOho�UT÷FPcX+aFi�÷�]$sFPcaFKFLNKFi�X+Z�Uc÷FO
] � {
R_UTPS]+u�UTLNX+Kr÷FLNOQPS]bPSuS÷eW��mLw� O+�N�polO6^tOQUTLNKFi�R_X�nkO � Pc]+KpuS÷FOhR~X+Z(Uc÷FO
UcPTO6O+�ûö¬Z�]±uQOQPTUc]+LtK � Pc]+KpuS÷çX+Z�UT÷pOÝUcPTO6OÝL`RkPcOQnkX�M+OhoÛvÔUcXb{
i�O�Uc÷FOQPkø�LtUT÷ UT÷FO!PcO6RTs0OhuÉUcLtM�OruQX+KpuQPTOQUTO!]bKpo�s0XeRTRTL � ^tWû] � {
R_UTPS]+u�U)uQ]�R_OhRcxHUT÷pO�] � R_UTPS]+u�U�uQ]+RTO6R%Uc÷p]�U
PTO6nk]+LtK5]�uQu�OhRTRTL � ^tO
u6]bK$R_UTLN^t^eu�X�M+O6P�UT÷FO~R_OQUDXbZmUc]+PTi�O�UDsFPcX � ^NOQnYRÃspPTO6MeLNX+a0R_^NW)u�X�Me{
O6PTOho � WrUT÷FOkolOQ^NO�UcO6o±uQ]+RTO+�DS�X�ø%OQM�OQPh�pKFX+U�]+^t^\olOQUc]bLN^`R?]+PTO
spPTOhR_O6K�U�]bKmWBn�X�PTO��±�
aFPcLtKFi±PTO6apRTOYUT÷FO6WBn�apR_U�Uc÷FOQPcO�ZfX�PTO
� OÞPcO6uQX+KpR_UTPcapu�UTO6o � W�UT÷FOÌi+O6KFOQPS]�UcLtM�O5sF^`]bKFKFO6P6� d X+KpRTO�{geaFO6KeUT^NW+�ÃsFPcaFKFLNKFirXbZ�Uc÷FOY] � R_UTPS]+u�UTLNX+KÜ÷FLNOQPS]bPSuS÷mWÝ÷0]+R)U=ø~X
uQX+KeUTPS]bPcWYO�ü�O6u�UcRÂX�KÝUc÷FO$X�M+O6Pc]+^t^�sFPcX � ^NOQn R_X�^tMmLNKFi�UTLNn�O�&
| jmLNKpu�OÂUc÷FO)olOQUc]+Lt^NO6o�sp]+P_USR\XbZ�UT÷FO)RTX+^NalUcLtX�Kk]+PTOÂKFX+UH]�M�]bLN^V{
] � ^tOØ]+KmWÞnkX+PcO+�(UT÷FOÝPTOQýpKFO6n�O6KeU�O�ü�X+PTU�LNKpu�PcO6]�R_OhRQ� � alU
UT÷pO�]+oF]+slUc]bUTLNX+KrO�ü�X+PTU�oFO6u�PcO6]�R_OhRQ�

| jmLNKpu�OrUc÷FO!Keapn � OQPYXbZ�uQ]�R_OhR�Uc÷p]�UYnÑapR=U � O!LtKpRTs�O6uÉUcO6o
olaFPcLNKFi�PTOQUTPcLtO6M�]+^lLNR�PTOholapu�OhoÃ��Uc÷FO�PcO�UTPcLNOQM�]b^mO�ü�X+PTU�L`R�]b^`R_X
PcO6olapuQO6oÃ�

��X�ø$�hUc÷FO/geaFOhR=UcLtX�K�]bPcL`R_OhRÃø�÷FL`uS÷�sp]+P_USRDXbZlUc÷FO%÷FLtO6Pc]+PcuS÷mW
RT÷FX�aF^No � O�sFPcaFKFOho Ä�$Â÷FL`R�olO�UcOQPcnkLtKFOhR?÷FX�øßZ¿]bP�ø%OÑnkX�M+O
Uc÷FO�s0X�LtKeUcR
LNK´<�LtiÝ�Ý]+KpoÞ�kUcX�Uc÷FOÑ^NO�ZÔU$RTLNolO��
ÿÌOk]bLNnr��X+Z
uQX+aFPSRTO+�mi+OQU_UTLNKFi�uQ^tXeR_O?UTX�Uc÷FO$X+slUcLtnY]+^Ãs0X�LtKeU6�

�I®Y�	��Å9®L³/�8�
$Â÷FOVULW�X[ZM\ÌR_WlR_UTOQn nY]+�+O6RrapRTOBXbZÑ]+K�O6^N] � X�Pc]bUTOhoÓu�XeR=U
n�XlolO6^HZfX�P�oFO�UTO6PTnkLNKFLNKFiÞUc÷FOØOQ�ls0OhuÉUTOhoçuQX�R_U+{ � OQKpO�ýFU5vfPcO�{
UTPcLtO6M�]+^~OQü�X�P_U¤¾ PTO6apRTO�O�ü�X+PTUSx�XbZ�sFPcaFKFLNKFiÌu�OQPTUc]+LtKçsp]bPTUcR
XbZ"Uc÷FO�] � R=UcPc]�uÉUcLtX�KØ÷FLNOQPS]bPSuS÷mWÜv¿]bK0oØUc÷FO�uQ]�R_O � ]�R_O�xÉ�n$Â÷FL`R
u�X�R_U�n�XlolO6^\LNR � ]�R_OhoÜX�K±]bK±O6R_UTLNnY]�UTLNX+K±XbZ~UT÷FOkO��ls�O6u�UTO6o
M�]+^tapO?X+Z(Uc÷FO�uQ]�R_OQ{ � ]+RTO6oYsFPcX � ^tO6n R_X�^tMmLNKFi�UTLNnkO+�

Æ[Ç5ÈÌvMÉÑxsÊaËÌ	Í�ÎwÏDÐ v�Ñ�x.ÒÆ[Ó\v�Ñ�x+Ô
S�OQPcO+�%É L`R?UT÷FO�RTO�U�X+Z%]b^N^#sFPcX � ^NOQnYR?Uc÷p]�U�s�X�RcR_L � ^NWÜn�a0R=U
� O!R_X�^tM�O6oÃ� ÏDÐ v�Ñ�xÑLNRÑUT÷pOÝsFPcX � ] � LN^tLtU=W±UT÷p]bUÑUc÷FO!sFPTX � ^NOQnÑ±nÑapR=U � OkRTX+^NM+OhoÃ�Ã]bKpo´Æ[Ó\v�Ñ�x
L`R
UT÷FOkX�M+O6Pc]+^t^�uQ]�R_OQ{ � ]�R_Oho
sFPTX � ^NOQn R_X�^tMmLNKFi$UcLtnkO
ZfX+PÂR_X�^tMmLNKFi2ÑÝi+LNM+OQKÝ]�sp]+P_UcLNuQaF^`]bPc^tW
sFPTapKFO6o5] � R=UcPc]�uÉUcLtX�Kr÷pLtO6Pc]+PcuS÷mW+�¸$Â÷FO�LNolOh]YL`R�UcXØu�X�n�spalUTO
]bK�OhR=UcLtnY]�UcLtX�K�XbZpUT÷FL`R�O��ls0OhuÉUcO6o�spPTX � ^tO6n R_X�^tMmLNKFi�UcLtnkO%ZfX+P
olLVü�OQPcOQKeU�spPTaFKpO6oû] � R=UcPc]�uÉUcLtX�KÌ÷pLtO6Pc]+PcuS÷FLNO6R$]+KpoBUcXÞR_O6^tOhuÉU
UT÷FOÑ÷FLtO6Pc]+PcuS÷mWrø�LVUc÷Þ^NX�ø~OhR=U
O��ls0OhuÉUcO6oÜM�]+^taFO��
ö}K±X+PSolOQP)UTX
u�X+nksFaFUTOÑRTapuS÷Þ]+KÜO6R_UTLNnY]�UcLtX�KD�pUc÷FOk]+RcR_aFnkslUcLtX�K5n�apR_U � O
nk]�olO?UT÷p]bUÂUT÷FO�olL`R_UTPcL � aFUTLNX+KrXbZ�UT÷FO$uQ]�R_OhR%ZfPTX�n'UT÷FO�u6]+RTO6R
� ]+RTOÜL`R�O'geap]+^�UcXûUT÷pO±olL`R=UcPTL � alUcLtX�KÛXbZ�Uc÷FOÞsFPcX � ^tO6nkR�UTX
� O5RTX+^NM+O6oçLtK Uc÷FO!ZfalUTapPTO�� �?LNM+O6KçUc÷FL`RY]+RcR_aFnkslUcLtX�KD�~UT÷FO
sFPTX � ] � Lt^NLVUcLtOhR ÏDÐ v�Ñ�xØu6]bK � OBolO�UcOQPcn�LNKFOhoÛolLNPTOhuÉUT^NW ZfPTX�nUT÷FO$uQ]�R_O � ]�R_O��
ö}KûX�PcoFOQP�UcX±uQX+nksFalUcOÝ]bKçO6R_UTLNnk]bUTLNX+KÒZfX�P�Æ[Ó\v�Ñ�x$ZfX�PÑ]

i+LNM+OQKÌsFPcX � ^NOQn ]bK0oÌ]+Kû] � R_UTPS]+u�UTLNX+KÌ÷FLNOQPS]bPSuS÷eW��DZfX�P�O6]�uS÷
KFXlolO�Õ LNKÜUc÷FO�÷pLtO6Pc]+PcuS÷mW!]bK5O6R_UTLNnY]�UcLtX�KÜLNR
PcO'geaFLNPTOho!ZfX+P
UT÷FO?ZfX+^N^NX�ø�LtKFikM�]b^NaFOhR&
| Æ%Öev,Õ�×,Ñ�x�&w$Â÷FO5UcLtnkOÌPTO3g�apLtPcO6o�ZfX+P!]+op]bslUcLtKFiûUT÷FOÌ] � {
R_UTPS]+u�U%uQ]�R_O�]�UÂKFXlolODÕ UcX�Uc÷FO�sFPcX � ^NOQnØÑ(��ÿÌO$]+RcR_apn�O
Uc÷p]�U�Uc÷FO�UcLtnkOØZfX+PÑoFO�UTO6PTnkLNKFLNKFiÜø�÷FOQUT÷FO6PÑ]bKû] � R_UTPS]+uÉU
u6]+RTO~L`R�]+op]bslUS] � ^NO~L`R\Uc÷FO�RT]+nkO~Uc÷p]bK�Uc÷FOÂUTLNnkOÂZfX+P�olX�LtKFi
Uc÷FOY]+uÉUcap]b^#]�oF]bslUS]�UcLtX�KD��$Â÷FL`R�L`R?]bU$^tOh]+R_U
Uc÷FO�uQ]�R_OÑZfX+P
Uc÷FO�]+oF]+slUc]bUTLNX+Kr]bsFsFPcX�]�uS÷ØapRTO6oÝLNK?ULW�X[ZM\��

| Æ[Ùev,Õ!×*Ñ�x�&5$Â÷FOÂUcLtnkO�PcO'geaFLNPTOho�ZfX�P#PTOQýpKFLNKFi?UT÷FO�]�oF]bsFUTO6o
] � R=UcPc]�uÉU~RTX+^NalUcLtX�KYZfPTX�nàUc÷FO�uQ]+RTO
]bU~KFXlolO�Õ�UcXÑ]�RTX+^Nal{
UcLtX�KÝX+Z8Ñ(�

| Ï%Ú v,Õ�×,Ñ�x�&,g"O�U�Õ ÷p]�M+O�UT÷FOßKFX+U_{¬sFPcaFKFO6o R_a0uQu�OhRTRTX+P
KFXlolOhR"Õ � ×Ô'ÔÔ[×�Õ"Û���$Â÷FO6K Ï[Ú v*Õ!×*Ñ�xkZfX�PpÜ6Ê úOÔ^Ô Ð L`RUc÷FOÝspPTX � ] � LN^NLVU=WBUc÷p]�U�UT÷FO5] � R=UcPc]�uÉUkuQ]+RTO!]�U�UT÷FO!KFXlolOÕ Ú L`R?]+oF]+slUc] � ^tO�ZfX+P/ÑÌ]+Kpo!UT÷pO�] � R=UcPc]�uÉU
u6]+RTO6R
]�U?UT÷FOKFXlolOhRPÕ � ×'ÔÔÔ[×AÕ Ú�Ý � ]+PTOrKFX+UY]�oF]bsFUc] � ^tOÝZfX+PDÑ:i+LNM+O6KUc÷p]�U%UT÷FO�] � R_UTPS]+uÉUÂuQ]�R_O�]�U�KFXlolODÕ,LNRÂ]+op]bslUS] � ^NO)ZfX�P.Ñ"�
�)X�ø$��LVU�u6]bK � O5R_÷pX�ø�KûUT÷0]�U�UT÷FO!O��ls�O6u�UTO6o�M�]b^NaFOrZfX+P

UT÷FO$uQ]�R_OQ{ � ]+RTO6o�spPTX � ^tO6n RTX+^NMeLNKFiÑUTLNnkO�uQ]bK � O�u�X+nksFaFUTO6o
PTOhu�aFPSR_LNM+O6^tWY]�R%ZfX+^N^tX�ø�R'&



Æ Ç5È v,Õ�×,Ñ�xnÊ
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Æ[Ùev*Õ!×*Ñ�x Õ L`RÂ^tOh]�Z\KFXlolO�LtKrUT÷pO$÷FLtO6Pc]+PcuS÷mW��

â Ûã^ä � ÆzÇ.ÈÌv,Õ ã ×,Ñ�x5Ò Ï
ã v*Õ!×,Ñ�x ¾ Õ ÷p]�RÂXbZ"Uc÷FO$KFX+U_{¬sFPTapKFO6orR_a0uQu�OhRTRTX+PSRâ Ûã^ä � Æ Ö v*Õ ã ×*Ñ�x5Òev=ú¸å â ã

Ý �Ú
ä � Ï[Ú v*Õ!×*Ñ�x_x�¾ Õ � ×ÔÔ'Ô%×�Õ"ÛÆ[Ùev*Õ!×*Ñ�x.Ò+v_ú�å â Ûã^ä � Ï

ã v*Õ!×*Ñ�x_x
ö}K�X+PSolOQP(UTX�u�X�n�spalUTO%UT÷pLNR\OQ�ms�O6u�UTOho�M�]b^NaFO~ZfX+P#]?sFPcaFKFO6o

÷pLtO6Pc]+PcuS÷mW+�lOhR=UcLtnY]bUTLNX+KpR%ZfX�P�Æ%Ömv,Õ!×*Ñ�x��QÆ Ù v*Õ!×*Ñ�xÉ� Ï Ú v*Õ!×*Ñ�x
]+PTOkKFOhu�OhRTRc]bPcW+�"i~R=UcLtnY]bUTLNX+KpR�ZfX�PHÆ Ö v,Õ�×,Ñ�x�]+KpoVÆ[Ùev*Õ!×*Ñ�x
u6]bK � O�X � Uc]bLNKFOho � WrnkO6]+RTaFPcLtKpiÑUc÷FOÑ]�M�OQPS]bi�O
]+op]bslUS]�UTLNX+K
UcLtnkOk]bKpoÞ]�M+OQPS]bi�O�UT÷FOÑPTOQýpKFO6n�O6KeU
UcLtnkO�ø�÷FOQKÜa0R_LNKFi�Uc÷FO
] � R_UTPS]+uÉU$uQ]�R_O�]�U$KFXlolOPÕ olaFPcLtKFirsFPcX � ^NOQn RTX+^NMmLtKpip�Ci~R={
UcLtnY]bUTLNX+KpR�ZfX+P Ï%Ú v,Õ�×,Ñ�x�uQ]bK � OÜX � Uc]+LtKFOho ZfPTX�n Uc÷FOÞLNKl{
ZfX�PTnY]bUTLNX+K5ø�÷FL`uS÷ÜsFPcOQMmLNX+apR)sFPTX � ^NOQn ZfPTX�n Uc÷FOÑu6]+RTO � ]�R_O
u6]bK � OrRTX+^NM+Oho � WBapRTLNKFiÜø�÷FL`uS÷ç] � R=UcPc]�uÉUÑu6]+RTOYZfPTX�n�Uc÷FO
÷pLtO6Pc]+PcuS÷mW+�
|Â]+RTO6okX�KYUT÷FO
nkXmoFOQ^��m]�÷FLN^t^t{¬uQ^tLNn � LtKFiÑX+slUcLtnkL^�6]bUTLNX+K�]b^t{

i�X+PcLVUc÷Fn1u�X�nksFalUTOhR�]�spPTaFKpO6or] � R_UTPS]+u�UTLNX+KØ÷pLtO6Pc]+PcuS÷mWY]bKpo
Uc÷FOQPcO � W
UT÷FO%PcOQ^`]�UTOho?ZfPc]+i+nkOQKeU"X+ZlUT÷FO%uQ]�R_O � ]+RTO#UT÷0]�U(^NO6]�oFR
UcX)Uc÷FO%^tX�ø%O6R_U(OhR=UcLtnY]�UcLtX�K�X+ZFUT÷FO%O��ls�O6u�UTO6oÑX�M+O6Pc]+^t^eu�XeR=U(ZfX+P
RTX+^NMmLtKpik]�KFO6øÓsFPcX � ^tO6nr�

ævçÂ<$A"Cpõ_G-A"I~ðl9#;�8:AY_mó);=ð@_
ÿÌOYKFX�øÖsFPTOhR_O6KeU?Uc÷FO�PcO6RTaF^tUcR�XbZ�]bKÌO��ls�OQPcLtnkO6K�US]b^�R_UTapoFW
ø�÷pLNuS÷�RT÷FX�ø�R\Uc÷FO � OQKFOQýFUcR~XbZ�UT÷FO?olOQM�OQ^NX+s�O6o�PcO�UTPcLNOQM�]b^p]+sl{
spPTXe]+uS÷D��$Â÷FL`RØR_UTa0olWçøÂ]+RYolX�KFO5apRTLtKpiBUT÷FO5Zfap^t^NWçLNnksF^tOQ{
nkO6K�UcO6ovULWYX[ZM\)R_WlR_UTOQn LNKÝUT÷FO�olX+nY]+LtKÝXbZ"nY]bKmalZ¿]�uÉUcaFPTLNKFi
sp^N]+KFKFLNKFiÜZfX�PÑPcXbUS]bPcWÌRTWmn�nkOQUTPcLNuØø~X�PT�msFLNO6uQO6R�X�Kç]±^N]bUT÷FO
vwR_O6O�v¿|%O6PTi�nk]+KFKY]bKpokÿ LN^N�+O+��ú6������x(ZfX+P~oFO�Uc]+Lt^`R#X+ZÃUT÷FO)oFXb{
nY]+LtK0x��
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retrieved case
best case
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<�Lti�aFPTO��@&�y�PcX � ^NOQn1RTX+^NMmLtKFi�UcLtnkO�ZfX+P$úh�+�ÑsFPcX � ^NOQnYR6�

<FX�P�UT÷FO!O��ls�OQPcLtnkO6K�USRQ�
ú6���Þu�X�Kpu�PcO�UcOru6]+RTO6R�ø%OQPcOØi+O6Kl{
O6Pc]bUTOhoÒPc]+KpolX�n�^NW+�V<FPcX+n UT÷FOhR_O!u�X�Kpu�PcO�UcOØuQ]�R_OhR�]±R_OQU�X+Z

$(] � ^tOkú�& d ]+RTO6R%LtKrUc÷FO d ]+RTO$|%]�R_O
jmO6^tOhuÉUcO6o d ]+RTO ]�M+O6Pc]+i+O
sFPTX � ^NOQn RTX+^NMmLtKFiÑUTLNnkO
|%O6R_U�uQ]�R_O ú���RTO6u+�
q)M+OQPS]bi�O
u6]+RTO ú6���ÑRTO6u+�
PcO�UcPTLNOQM�O6oØu6]+RTO úh�ÑRTO6u+�

ú+ú+ú�u6]+RTO6R�]bU)ZfX�aFP)^NOQM�OQ^`R�XbZH] � R_UTPS]+uÉUcLtX�K5u�X+ap^No � O�i�OQKFO6P_{
]�UTOhoÃ��$Â÷pO~PcO�UcPTLNOQM�]b^mnkO6uS÷0]bKFL`R_n uQX+KpR_UTPcapuÉUcO6oÑ]bKÑ] � R_UTPS]+uÉ{
UTLNX+KY÷FLNOQPS]bPSuS÷mW+�(�
aFO)UTX$Uc÷FO)sFPcaFKFLNKFi�X+ZÃUT÷FO
÷FLNOQPS]bPSuS÷eW��O���
uQ]+RTO6R � O6uQ]+nkO~LNKp]+u6u�OhRTRTL � ^tO%]bKpo�UT÷FO%PTOQUTPcLtO6M�]b^mLNR�PcO6R_UTPcLNu�UTOho
UTX�UT÷FO$PcOQnY]+LtKFLNKFi¤�b��uQ]�R_OhRQ�
ö}K±X+PSolOQP
UTX5]+RcRTO6RcR�Uc÷FOkO�¼�u�LNOQKpuQW5XbZ~UT÷FOkPcO�UTPcLNOQM�]b^���ø~O

olO�UcOQPcn�LNKFOhoûUc÷FO5uQ]+RTO�{ � ]�R_OhoÒsFPcX � ^NOQn RTX+^NMmLtKFi±UTLNnkOûvfPcO�{
UTPcLtO6M�]+^�¾?]�oF]bsFUc]�UcLtX�K8¾
PcO�ýpKFO6nkOQKeUSx%ZfX�P�R_X�^tMmLNKFiÌú6�+�ØsFPcX � {
^tO6nkR6�#q�UTLNn�O�^NLtnkLtU�XbZ.�+�+�ÑR_Ohu�X+K0oFR%ø%]�RHLNnks0XeR_OhoÃ��y�PcX � {
^tO6nkR#UT÷p]bUHu�X+ap^No�KFX+U � O�RTX+^NM+Oho�ø�LtUT÷FLNKkUT÷pLNR�UTLNn�O�^NLNn�LtUHPcO�{
nk]+LtKpO6okaFKpRTX+^NM+OhoY]bKpoY]�M�]+^tapO)XbZ��+�+�$RTO6uQX+KpoFR�ø%]�R�KFX+UTO6o
]+R\sFPcX � ^NOQnÖR_X�^tMmLNKFi?UTLNn�OÂZfX�P#UT÷pLNR#spPTX � ^tO6n!�5<�LNip���)RT÷FX�ø�R
UT÷FO�spPTX � ^tO6n-RTX+^NMmLtKpi�UTLNn�O)ZfX+P~O6]+uS÷YX+Z�UT÷FOÑú6�+��spPTX � ^tO6nYRQ�$Â÷FO�sFPcX � ^NOQnYRÑ]bPcO�X+PSolOQPcO6oB]�uQu�X�PcoFLtKFi!UcX5UT÷pOØ^NOQKFi+UT÷ûX+Z
UT÷FO5RTX+^NalUTLNX+K sF^`]bKD�%Lw� O+�N�ÂsFPcX � ^NOQnYR�ø�LVUc÷ ]±÷pLti�÷FOQPYKmaFn�{
� O6P
PcO'geaFLNPTO�]Ø^tX�KFi+O6P
RTX+^NalUTLNX+KÞsF^N]+KD�
q
R
]ØPTOQZfOQPcOQKpuQO+�0ø~O
]b^`R_XYolOQUTOQPcnkLtKpO6oÝZfX+P�Oh]+uS÷!sFPcX � ^NOQn UT÷FO$spPTX � ^tO6n RTX+^NMmLtKFi
UTLNn�O�ø�÷FOQK5apRTLNKFiYUT÷pO � O6R_U)s0XeRTRTL � ^tOÑuQ]+RTO6R)]bKporUc÷FO�]�M+O6P_{
]bi+O�sFPcX � ^NOQnYR$RTX+^NMmLtKFiÝUTLNnkOYX�M+O6P
Uc÷FOYR_OQU�XbZÂ]b^N^#s0XeRTRTL � ^tO
]bsFsF^NL`uQ] � ^tOkuQ]�R_OhRQ�P$Â÷FOkPTOhR_s�O6u�UTLNM+Oku�aFPcM+OhR�]bPcO�]+^NRTXÝsp^tX+U_{
UTO6oÑLNKp<�LNip���m�.$(] � ^tO�ú�RTaFnknk]+PTL^�QOhR(UT÷FO�]�M+O6Pc]+i+O~sFPTX � ^NOQn
R_X�^tMmLNKFi)UcLtnkOÂX�M+O6P�UT÷FO�sFPcX � ^tO6nkR(Uc÷p]�UHuQX+aF^`o � O�R_X�^tM�O6o�ZfX+P
UT÷FOÂUc÷FPTO6O)u�X�KpolLtUTLNX+KpR6�\q)oFolLtUTLNX+K0]b^N^tW��bUT÷pO�nY]��lLtnY]+^t^NWÑuQX+Kl{
R_O6PTM�]�UcLtM�OHRTLti�K$UTOQ�eU\]+R�olO6Rcu�PcL � Oho$LtKrv,i�U��QLNX+KpLe]+KpoHi#UA�QLNX+KFL��
ú6�+�+�ex�øÂ]+RHs0O6P_ZfX�PTnkO6oYUTXÑoFO�UTO6PTnkLNKFO)ø�÷pO�UT÷pOQP~UT÷FO
s0O6P_ZfX�P_{
nk]+Kpu�OÑi�]+LtK±ø�÷FOQKÌR_O6^tOhuÉUTLNKFiÝUT÷FO�PcO�UTPcLNOQM+OhoÜuQ]�R_OÑX�M+O6P?RTO�{
^tOhuÉUTLNKFiØUT÷FOk]�M+O6Pc]+i+O$uQ]�R_OÑø%]�R)RTLti�KFLVý�uQ]bKeUh�?q
R
OQ�ls0OhuÉUTOhoÃ�
LVU�øÂ]+RÂRTLti�KFLVý�uQ]bKeU�ø�LtUT÷5]�sl{�M�]+^taFO�Ñ�é:�QÔ �+���+�+�pú+�<�LNPcR_U6�%UT÷pLNRØO��ls0O6PTLNnkOQKeUÝRT÷FX�ø�R�uQ^tOh]bPc^tWÒUc÷p]�Ur]+uQuQaFPS]�UTO
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