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cfq�c�pv| » g#h@��Æ �=� cfe�g#eVeVcfx#qFov��p��Fo"�Fnfj�h%ª;c9��j#w?p��Fo�ÏFr�eYp�eYp@g1p�c9h
�Fnfj�h@ª�c9q¬c�p7g#qF��g#h�h	j#r@��c9q(xQn��p��Fo-lFg2p���pVr@g#h	o;cfemkmj
��cfÏFov���
�
�(o�n9o%p�c9q(x¨g2nfn��({(p/p��FoDÏ(r�eYp©c9��c9qovg2h%�j�h	h	{�rVr�o	qFh	oDj#w5g�Æ ��� |
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u=o��Fg1�Qo�p�j©r�o	gQ�-p��(r�j#{Fx#�;g©eVk7g#nfnfo�r�ÏUnfoQ|�Å
o	h	jQqF�-u=o�j#r�xQg#q(c9¹�o
p��Fo~h	j#q
p�o�q
p�e3j#w�p��FoÄÏUnfo~p�j,g2nfn9jvuiw`g#eYp�o�rBg2h	h	o	eVe	|~Ç(jQnfnfj1u�ov���
�,p��Fo
����qFg#kmcfh,h	g#nfn3x2r@g#l(�3�
p��Fo,lUg2p��7pVr@g#h�o	e�]¤c9q(h	nf{U��c9q(x���cfh�p�cfjQqUg1r�cfo	e@b
j#w�p��(oDkmj#eYp/w�r�ov§�{Fo	q�p�n��¨h	g#nfnfov��w�{Fq(h�p�cfjQqg2r�odeYp�j#r�ov��Ï(r�eYp©g2qU�
p��Ug1p�j#w+nfovg2eYp�w�r�ov§�{Fo�q
p�n���hvg2nfn9o	��w`{(qFh�p�cfjQq¨g2r�omeYp�j2r�ov��n9g#eYpv| � �
r�o	kmo	k/��o�r�cfqFx+p��Fo?l�jQeVc�p�cfjQq/j#wUcfq�w`j#r�k7g1p�cfjQq�w`j#rBo	g#h@�"w�{FqFh%p�c9j#q�cfq
p��Fo�ÏUnfoQ��g2qU�7eYp�j#r�cfqFx/cfp+g#e�g��Fovg#�(o�r+cfq7p��Fo�h	jQkmlFg#h�p�o	�D¡�_^a~a
ÏUnfoQ��u=omhvg2qig#h	h�o	eVe/p��(o©lUg1p��¨pVr@g#h	o�e"w�j#r"cfqU�(cf�
c9�({Fg#nBw`{Fq(h�p�cfjQq(e
r@g#l(c9�(n���|

¡Ng2�Fnfo�ÁmeV�Fjvu�e,p��(o5p�c9kmo�e�p@g2ª�o	q-p�jmo�z
pVr@g2h�p,gmw�{Fq(h�p�cfjQq3y e�pVr@g#h	o
cfq©p��Fo+w`j#nfn9jvu�cfqFx/eVh	o	qFg2r�cfjQe"!Bo�z
pVr@g2h�p�cfjQqmw�r�j#k {(qFh	j#kmlUg#h%p�ov�"ÏFn9o
]¤h	j#n9{(kmq�Î�b�;=g#qU�Ëo%z�pVr@g2h�p�cfjQq�w�r�j#k�h�jQkmlUg2h�p�ov��ÏFn9o]¤h	j#n9{(kmq
Ì+b%| � j#p��'p��Fo�gv��o%r@g#xQo"g2qU�-k7g1z(cfk/{Fk p�cfkmo	e+w�j#r:<ºg2qU�>=Ñg2r�o
xQcf��o�q3|��tq�g2q�g1�Qo�r@g#x#o"p��(o�g2h	h	o	eVetp�cfkmo	etg2r�o�r�ov�({(h	ov�;���'j1��o�r
Ã�j2r@�(o�r�e�j#wBk7g2xQq(cfp�{F�(oQ|
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Larus’s Sequitur based compression algorithm._¨o-�Fg1�Qo'g#nfeVj�cfkml(n9o�kmo	q�p�ov�i��g1r�{Fe	y emh	jQkml�r�o	eVeVcfjQq¬g#nfxQj2r�c�p��Fk
u��(cfh%�7cfe=�Ug2eVov�m{Fl�j#q-Å
ov§�{Fc�p�{(r,���vÉ1�·|?¡=�(c9e�g#nfxQj2r�c�p��Fk¶l�r�j
�({Fh�o	e
p��(o,h�jQkml(r�o�eVeVov�7_�a?a�r�o	l�r�o	eVo	q�p@g2p�cfjQq7u��Fcfh@�7c9e�c9q7p��Fo�w`j2r�k¸j2w
g,x#r@g#kmk7g1rÄp��Ug1p?x#o	qFo%r@g2p�o	e?gteVcfqFx#n9o+eYpVr�cfq(x5��p��(o=j#r�cfx#c9qFg#nFpVr@g2h	oQ|
_¨o�h	j#kmlUg1r�ov�'p��FomÅ
ov§�{Fc�p�{(r,xQo�qFo�r@g1p�ov��x2r@g#kmk7g2r,r�o	l(r�o�eVo	q�p@g2�
p�cfj#q'u�cfp��Dp��Fo�¡�_^a~a~e�xQo�qFo�r@g1p�ov�'{FeVcfqFxmj#{(r,g#l(l(r�jQg#h@�'cfq-p®u�j
u=g	�(e"!Äp��(o	c�r�eVcf¹	o�e+g#qF��p��Fo�g#h	h�o	eVe�p�cfkmo	eBp�j"cfqF�(cf�
c���{Ug2nFw`{(qFh�p�cfjQq
pVr@g2h	o	e	|

¡=�(oDr�o	eV{(n�p�e�j#w�p��Fcfe/h	jQkmlFg2r�cfeVjQq¬g2r�odeV�Fjvu�qc9q¡Ng2�Fnfo-Í
| �tq
g2q¨gv��o%r@g#xQo#�3p��(o/p�j#p@g2nBeVc9¹�o©j#w?p��Fo�x2r@g#kmk7g1r5l(r�j
��{Fh	o	������Å
o��
§�{(cfp�{�rmcfe7eVk7g#nfnfo�r7p��Ug#q�p��Fo-h	j#rVr�o	eVl�j#qU��c9q(x�eVcf¹	o;j#wtp��Fo'h	j#k©�
lFg#h�p�o	�¡�_�a?aÑ���ig'w¤g2h�p�j#r7j2w5Ã
| É�È
| Ê jvu¶nfo�p�e©h�jQqFeVc9��o�r�p��(o
p�cfkmo"c�ptp@g#ªQo	e,p�j7o�z
pVr@g#h%ptp��Fo�pVr@g#h�o/h	j2rVr�o	eVl�jQqF�(cfqFx7p�jdgdeVcfq(xQnfo
w�{Fq(h�p�cfjQq�w�r�j#k�p��FoBh	j#kmlFnfo�p�o~h	jQkmlFg#h�p�o	�tpVr@g#h	oQ|N¡=�Fo~o�z
pVr@g#h�p�cfj#q
j2w=gmw`{(qFh�p�cfj#q3y etpVr@g#h�o"w�r�jQk½p��(o©Å
ov§�{Fc�p�{(r,xQo�qFo�r@g1p�ov��x2r@g#kmk7g1r
o�eVeVo	q�p�c�g2nfnf�;r�o	§
{(c�r�o	e,p�u=jdeYp�o	lFe"!+r�ovg#�(cfqFxdcfq'p��Fo"x#r@g2kmk7g2rtg#qU�
p��(o	qdl(r�j�h	o	eVeVcfq(x©c�p+p�j�xQo�qFo�r@g1p�o�g/eV{(�Fx#r@g2kmk7g2r+h�j#rVr�o	eVl�j#qU�(cfq(x
p�j©p��(o5w`{(qFh�p�cfjQq(e�pVr@g2h	oQ|�¡=�(o�p�j#p@g#n�p�cfkmo5p@g#ª�o	qDw`j#r,o�z
pVr@g#h%p�c9j#q3�
g2qU��p��(o�p�cfkmo	e5w`j2r"ovg#h@��j#w�p��Fo©eYp�o	l(e	�Bg2r�omeV�(jvu�q�cfq�¡Ng2�FnfodÍ
|
¡=�(o	eVotq
{(k���o�r�eÄr�o	l�r�o	eVo	q�p=gv��o%r@g#xQo�e=j1��o�r�g#nfnUw`{(qFh�p�cfjQq(e�l�r�o	eVo	q�p
cfq-p��(o5r�o	eVl�o	h�p�cf��o�l�r�jQx#r@g2kme	|=¡=�(o	eVo�p�cfkmo	e=r@g#q(xQo�w�r�j#k �	��y e,p�j
�	�Q�#��y e©j#w�kmcfnfnfcfeVo	h	jQqF�(e	|-�®q�h	j#q�pVr@g#eYpv�Np��(o7¡�_^a?a�c9e"eVj;j#r�xQg2�
q(cf¹	ov�©p��Ug1p?u�o,hvg2q7n9j�h	g2p�o,g#qU�mo�z
pVr@g2h�p?p��(o+pVr@g#h	o�cfq7w�o�u¼]��^�	��b
kmcfnfnfcfeVo	h	jQqF�(e	|�¡=�(o-g2h	h	o	eVe"p�c9kmo�e�w�j#rmÅ�ov§�{Fc�p�{�r/x2r@g#kmk7g1r�e/g1r�o
x2r�ovg2p�o%r~p��Fg#q�g#h	h	o�eVeBp�cfkmo	e�j#w�¡�_^a~aBe~����w`g#h�p�j2r�eBr@g2qFx#c9q(xtw�r�j#k
�#É�p�jdÍQÍ2Ã�|+��q'eV{Fkmk7g1rV����g#n�p��Fj#{FxQ��¡�_�a?aBetg1r�o�n�g1r�xQo�rtcfq'eVcf¹	o
���dg2q'gv��o�r@g2xQo5w¤g2h�p�j#r�j2wBÃ�| É�È��Fp��(o��7l(r�j1�
c9�(o�g2h	h	o	eVe+p�cfkmo	e=p��Ug1p
g1r�oDnfjvu=o%r©����g2q�gv��o�r@g#x#odw`g#h�p�j2r©j2wtÃ#�QÉ
|¨¡=�(o	eVodo�z�l�o�r�cfkmo	q�p�e
eVcfkml(nf��eV�Fjvu¿p��Ug2pdp��Fo;p�u=jir�o	l(r�o�eVo	q�p@g2p�cfjQq(e-o	k/��j
���¬�(o	eVcfx#q
��o	h	cfeVcfjQq(e�u�c�p��;��cf��o%r�o	q�p�eVlUg#h�o5p�c9kmo,pVr@gQ�(o%��j2��e	|
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bdcoc�eXfdh wkj v {Likj z iL{I{ 
 moukmoz � mdyLuIn w
prqos�eXfLtot mImLj { zxmIj i wLyIw 
 {dvx{Lu � uIuL{km i
pr|oq�e ~^���I�^f l$j n ikj v zdvIv 
 moiIzdl � {kmoyLv i
pr|^b�e�}d~ nkj w nkj u vIn 
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J�lUg1rVpÄw�r�jQk¼p��(o+�(c���o�r�o�q
pBeVcf¹	o�g2qU�/g#h	h	o�eVeBp�cfkmo=h@�Ug1r@g#h�p�o%r�c9eYp�cfh	e	�
p��(o�p®u�j,r�o	l�r�o	eVo	q�p@g2p�cfj#qFe~g#nfeVj5cfkmlUg2h�pÄj#q/p��Fo=�(o	eVcfxQq/j#w�g2qUg2nf��eVcfe
g2nfxQj#r�c�p��(kmetp��Ug1ptu�cfnfnÄ{FeVo�p��Fo	k'|�_��Fcfnfo/��g2r�{(e	y etp�o	h@�FqFc9§�{Fo�e,cfe
eV{(c�p@g#�Fnfo+w`j2r=g2qUg2nf��eVcfe~j#w��(j#p~lUg1p��Fe�]¤c¤| o#|9��h	jQnfnfo	h�p�cfjQq7j2w��Fg1p@g,sUjvu
w`g#h�p�e+p��Fg2p��Fj#n9�-g#nfj#qFx�w�r�ov§�{Fo	q�p�n��7o�z�o	h	{�p�ov�dlFg2p��(e@b%�(j#{(r+r�o	l�r�o��
eVo�q
p@g1p�cfjQq;cfe,eV{(c�p@g#�Fnfo�w`j2rth�jQnfnfo	h�p�cfqFxd�Fj2pt�(g2p@g/sFjvu�w`g#h�p�e/]¥�Fg2p@g
sFjvuÑw¤g#h%p�e�p��Fg2p��(jQn9�;w�r�ov§�{Fo�q
p�n���g1p��Qg1r�cfjQ{Fe�l�r�jQx2r@g#kÓl�j#c9q�p�e@b%|
�tq(o/j2wBp��Fo/gQ�(�#g#q�p@g2xQo	e,j#w~jQ{�r�g#l(l(r�jQg#h@��cfetp��Fg2pt¡�_^a~a~e�g1r�o
cfq7p��Fo�w`j#r�k r�ov§�{Fc�r�ov�mw`j#r�l�r�j#ÏFn9o%��nfcfkmc�p�ov�dg#qUg2n��(eVcfe	|~�®q7h	j#q�pVr@g#eYp

p��Fomh�jQkml(r�o�eVeVov��_^a~a~e�l�r�j
�({Fh�ov�¨���¨Å�ov§�{Fc�p�{�r�r�ov§�{Fc�r�omeVjQkmo
g#kmj#{Fq�p�j#wBl�r�o	l(r�j�h�o	eVeVcfqFxm��o�w�j#r�o�p��Fo��Dhvg2q'��o�{FeVov�D�
�Dg2q;g#l��
lFnfcfhvg1p�c9j#q3|��®q�p��Fo;q(o�z
pmeVo	h�p�cfjQqËu�o��(o	kmj#qFeYpVr@g1p�o-p��Fo'{(eVo;j#w
¡�_^a~a~e�cfq-hvg1rVrV��c9q(xmjQ{�p�l(r�j#ÏFnfo��·n9cfkmc�p�ov�D�Fg2p@g"sUjvu�g#qUg2n��(eVcfe	|

4. PROFILE-LIMITED DATA FLOWÊ o%z�p7u�o�l�r�o	eVo	q�pDg�eY��eYp�o	k7g2p�cfh�g#l(l(r�jQg#h@�Ëw`j#rdSUTYO��?P9R��·P £`Z�£�\�R�°
°�X#\·X � O#K¸X#¦�X#P ±#«�£`«"u��Fcfh@�ËcfeDg2cfkmov�¬g1pDg#qFeYu�o�r�cfqFx��(g2p@g�sFjvu
§�{Fo�r�cfo	e'u�c�p���r�o	eVl�o	h�p�p�jËgxQcf��o	q�_^a~aÄ| » zFg2kmlFnfo	e'j2wmeV{Fh@�
§�{Fo�r�cfo	e�g1r�o�!d°�O1R%«7X�°�X2\·X � O2K��	X�¢�\+M(OQPf°��ij2r�M(O#KÑO��%\�R%¦°�O1R%«
X^°�X#\·X � O#K��	X�¢�\mM(OQPf°�X#\-X�SUTVO�W#TYX#Z S�O#£`¦(\�� u�c�p���r�o	eVl�o	h%p
p�j�g;xQcf��o	qi_^a~aN|~Å�{(h%��g2qUg#n���eVcfe©cfe�{(eVo�w`{(n�w`j2rml(r�j2ÏUnfo��·xQ{(c���ov�
h	j#kmlFcfnfo��¥p�c9kmo/jQl�p�c9kmcf¹vg1p�cfjQq�j#w+l�r�jQx#r@g2kme©� È
�Ä¾
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���vÃ
�
�	Á��=�1Ív�¥�B����qUg2kmcfh�jQl�p�cfkmc9¹	g2p�cfjQq�j#w�l(r�j#x#r@g2kmem� Ã
�BÀ2�,]¤�Fo%r�o�p��Fo
l(r�j2ÏUnfo�r�o	l(r�o	eVo�q
p�e=g�lFg2rVp�c9g#n�o�z�o	h�{(p�cfjQq7�FcfeYp�j2rV�mj#w�p��Fo�l(r�j#x#r@g#k
u��Fcfh@��c9e�{FeVov�¨p�j�jQl�p�c9kmcf¹	o7p��Fomr�o	k7g2cfqU�(o%r©j#w�p��(oDl�r�jQx#r@g2k'y e
o�z�o	h	{�p�cfjQq�b%�Fg#qF�-��o	�F{(xQxQcfq(x©j#wBl�r�jQx#r@g2kme����v���3�1¾������¥|

¡=�Fo/g#qFg#n���eVcfetu=o"l(r�o	eVo�q
p,w`j�h	{(eVo	e5j#q�xQg2p��(o�r�cfqFx'M(O#\�°�X#\·X � O#K
�	X�¢�\¤«dp��Ug1p;�Fj#n9���({�r�cfqFx¬p��(o¨o�z�o	h�{(p�cfjQq�j#w©w�r�ov§�{Fo	q�p�n��^hvg#nfnfov�
w`{(qFh�p�cfj#qFe	|"Å
{Fh@��g#qUg2n��(eVcfe�hvg2q���o�{FeVo	�;p�j7h	nfj#qFo©g2qU�;h�r�ovg1p�o©g
eVl�o	h	c9g2n9cf¹	o	�]¤j#l(p�cfkmcf¹	ov�Ub=h	j#l��-j2w~p��(o�w`{Fq(h�p�cfjQq�|�ÇFj#r�p��Fcfe,g#qFg#n��
��eVcfe	�Fu=o"��j©qFj2p,q(o	ov�'g2h	h	o	eVe�p�j©p��Fo�o�q
p�c�r�o�¡�_^a~a��({(p�jQq(n��'g
eV{F�(eVo�p"j#w�cfq(w�j#r�k7g2p�cfj#qih	j#rVr�o	eVl�j#qU��c9q(x'p�j'p��Fo©w�{FqFh%p�c9j#q�{FqF�(o�r
h	j#qFeVc9�(o�r@g1p�cfjQq3|?�®qdlUg1rVp�cfh	{Fn9g2rv��u=ot{FeVo5g�p�cfkmo	eYp@g#kmlDg#q(qFj#p@g1p�ov�
����qFg#kmcfh/h�jQq�pVr�jQnÄsUjvuÑx2r@g#l(��w�j#r�p��Fo/xQcf��o	q�lUg1p���pVr@g2h	o�u��(c9h@�
cfe��(o	eVh�r�cf��ov�D��o	nfj1u�|

4.1 Timestamp annotated dynamic CFG¡=�Fcfe�r�o	l(r�o�eVo	q�p@g2p�cfjQqÑh	j#qFeVcfeYp�e¨j2wmp��Fo��
�(qFg#kmcfh�h	j#q�pVr�jQn/sFjvu
x#r@g2lF�cfq�u��(cfh%�Æ �=� e©g2r�o;g2qFqFj2p@g2p�ov��u�c�p���p�c9kmo�eYp@g#kmli��o	h%�
p�j#r�e	|¼¡=�Fcfe7r�o	l(r�o	eVo�q
p@g1p�cfjQq�cfe-§�{(cfp�o'gQ�(o	§
{Fg2p�o;w`j2r'�(g2p@g�sFjvu
g#qFg#n���eVcfeD��o	h	g#{FeVo;u�o;hvg#qËpVr@g2h	o'p��Fo'_^a~a {(eVcfqFx�p��FoDp�c9kmo�eY�
p@g#kmlD��o	h�p�j2r�e�g#eVeVj�h	c9g1p�ov�'u�cfp��Dp��Fo��
�(qFg#kmcfh5�Fg#eVcfh��Fnfj�h@ª�e�g2qU�
nfcfkmcfpdp��Fo�o�z�l(n9j2r@g2p�cfjQq^j2w/j#qFn���p��(jQeVo�h	j#q
pVr�j#n5eV{F�(lUg1p��Fe7p��Ug2p
g#l(l�ovg2r5g#e,lUg2rVp,j#wBp��(o�_�a?a���{(r�cfqFx7�(g2p@g�sUjvu¼g#qUg2n��(eVcfe	|,¡=�Fo
w`j#nfn9jvu�cfqFx-h%�Fg2r@g#h%p�o�r�cfeYp�c9h�e�k7g#ª�o�p��Fcfe,l(r�jQl�j#eVov�'r�o	l(r�o�eVo	q�p@g2p�cfjQq
lUg1rVp�cfh	{Fn9g2r�n��Dg2pVpVr@g2h�p�cf��otw�j#r�l(r�j2ÏUnfo��·nfc9kmc�p�ov�d�Fg1p@g"sFj1u�g2qUg2nf��eVcfe	|

ÇNc�r�eYpmc�p7g#nfnfjvu�e7o�/mh	cfo	q�pm�Fg#h@ª
u=g2r@�g#qF�iw�j#rVu=g2r@�pVr@gv��o%r�e�g#n�j#w
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cfq�u��(c9h@�¨k7g2q���g2rVr@g	���Fg1p@gdsUjvuÒg2qUg#n���eVcfe�p�o	h%�(qFc9§�{Fo	e5g#h@�Fcfo	��o
o�/mh�c9o�qFh��/���/l�r�jQlFg#x�g1p�cfqFx5r@g#q(xQo	eBr�o	l�r�o	eVo	q�p�cfqFx�g1rVr@gv�/eVo	h�p�cfj#qFe	�
g#e�jQlFl�j#eVov�5p�j�l(r�jQlFg#xQg2p�cfqFx,c9qF�(cf�
c9�({Ug2n�g1rVr@gv��o�n9o�kmo	q�p�e?���1È���È#¾1�¥|

Store X

Load X

Load X

WPP: (1.2.7.4.5)^20(1.2.3.4.5)^40 (1.6.7.5)^40

1−−>1:496:5

2−−>2:297:5

3−−>3:198:5

4−−>4:299:5

5−−>5:500:5

7−−>203:498:5

6−−>302:497:5
<[4:299:5],4>

<[3:198:5],3>

<[2:197:5],2>

<[1:196:5],1>

GEN

<[202:297:5],2>

<[201:296:5],1>

GEN

<[203:298:5],7>

(freq. = 40) (freq. = 20)
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4.3.2 Program DebuggingÆ5{�r�c9q(x���o	�F{(xQx#c9q(x/p��(o5{FeVo�r�p®��lFcfhvg2n9n��dcfq�p�o�rVr�{Fl�p�e=l(r�j#x#r@g#k¸o�z
�
o	h	{�p�cfjQq�g#qF�Dr�ov§�{Fo�eYp�e�cfq�w`j#r�k7g1p�cfjQq;eVl�o	h	c�ÏFh5p�j©p��Ug2p�lFg2rVp�cfh	{Fn9g1r
l(r�j#x#r@g2k o%z(o�h	{(p�cfjQq�|�¡=�Fo�¡�_^a~a h�j#rVr�o	eVl�j#qU�(cfq(x�p�j�lUg1rVp�c�g2n
l(r�j#x#r@g2k¶o�z�o	h	{�p�c9j#qD{(lmp�j"p��(o,��r�ovg#ª
l�jQcfq�p+hvg2qD��ot§�{Fc�p�o,{(eVo�w`{(n
cfqËg2h	h	{(r@g1p�o	n��Ëg2qFeYu�o�r�cfqFx�{(eVo�rD§
{(o�r�cfo	e	|^¡=�(o�r�o;g2r�o'p�u=j�eVl�o%�
h	c�ÏUh7��o	�F{(xQx#c9q(x;l(r�j#�Fnfo	kme5p��Ug1p"hvg#q�{(eVoml(r�j2ÏUnfo��·nfc9kmc�p�ov��g#qFg#n��
��eVcfe"!d°#±#¦UX#Z�£¤¢m«@P £¥¢�£�¦
W©g#qF��°#±2¦�X2Z�£¥¢d¢�²
T%TVR%¦�¢�±�°�R%\�R%T@Z�£`¦UX#\¤£¥O#¦
�({�r�cfqFx�eY��k/��jQnfcfh��(o	�({FxQx#cfqFx©j2wÄjQl�p�c9kmcf¹	o	�Dh	j
��oQ|

Dynamic program slicing.Å
p@g1p�cfh~�Fg#h@ª�u+g2r@��l�r�jQx#r@g2k^eVn9cfh	cfq(x�u=g#e3Ï(r�eYp�l�r�jQl�j#eVov���
��_�o�c9eVo%r
g#etgm�(o	�({Fx#xQcfqFx7g2c��i� ÈQÍv�¥|tJ�q'o	��o�q'kmj#r�o�l(r�o�h	cfeVo�w�j#r�k¿j#w~eVnfcfh��
cfqFx���hvg#nfnfov�m�
�(qFg#kmcfh+eVnfcfh	cfqFx5u+g2e�l�r�jQl�jQeVo	�©�
� ��j2r�o	nUg2qU�©�3g#eVª
c
���1¾v�·| � j#eYp�r�o	h	o�q
p�n��7J�x#r@g	u+g2n�g#qF�©Ðtj#r�xQg#q���������o	��o	nfj#l�ov�©p��(r�o	o
����qFg#kmcfh/eVnfcfh	cfqFx-g#nfxQj2r�c�p��Fkmetu��(c9h@��pVr@gQ�(o%��j2�il(r�o�h	cfeVc9j#q�cfq�p��Fo
h	j#kmlF{(p�o	�-eVnfc9h�o"u�c�p��;p��Fo�p�cfkmo�c�p,p@g2ª�o	e,p�jmh�jQkmlF{�p�o5p��Fo�eVnfcfh	oQ|
» g#h@�j2w+p��Fo	eVoDg#nfx#j#r�c�p��Fkme/h	jQq(eYpVr�{Fh�p�e/gi°#£ ],R%T�R%¦(\+eVl�o	h	c9g#nfcf¹	ov�
l(r�j#x#r@g2k���o	l�o	qF�(o	q(h	o'x#r@g2lF�¼]¥aBÆ 3�b/p�j�h	g#l(p�{�r�o'p��Fo���o	l�o	q(�
�(o�qFh	o	e�o%z(o%r�h	cfeVov��cfq�gDxQcf��o	q�o�z�o	h	{(p�cfj#q3|mJº�Ug2h%ª�u=g2r@��pVr@gv��o%rV�
e�g#n�j1��o%r-p��Fo�x2r@g#lF�^cfe-{(eVov�Ëp�j�h	jQkml({(p�o'p��Fo�����qFg#kmcfh;eVnfc9h�o



g2e©g-pVr@g2qFeVc�p�cf��oDh�n9j#eV{(r�odj1��o�r/�Fg1p@g�g2qU�¨h�jQq�pVr�jQn+��o	l�o	qF�(o	q(h	o	e	|
» g#h@�-j2w3p��(o5g2��j2�Qo5����qFg#kmcfh,eVnfcfh	cfqFx�g#nfxQj2r�c�p��Fkme+hvg2qD��o,c9kml(nfo��
kmo�q
p�o	��{FeVcfqFx�j#qFo�h	jQkmkmj#q©r�o	l(r�o	eVo�q
p@g1p�cfjQq3��p��(o+p�c9kmo�eYp@g#kml�ov�
�
��qUg#kmcfh�h	j#q
pVr�j#ntsUjvu³x#r@g#l(�3�tg#qF��p���{(edu�o�h	g#q^gv��jQc9��h	j#q(�
eYpVr�{(h�p�cfqFx©eVl�o�h	c9g#nfcf¹	ov�'x#r@g2lF�(e,eV{(xQxQo�eYp�ov�-cfq������¥|

Ê o�z
p�u�o5�(o�eVh�r�cf��o,p��Fo�cfkmlFnfo	kmo	q�p@g1p�c9j#qFe?j#w�p��Fo,p���r�o	o,����qUg2kmc9h
eVnfcfh	cfqFx5g#nfxQj2r�cfp��(kmeNcfqD���%�Fg2qU��eV�Fjvu��(j1u¨p��Fo���h	g#q"c9kml(nfo	kmo	q�p�ov�
{(eVcfqFx�jQ{�rNg2lFl(r�jQg#h@�3|3_�oÄu�cfn9n�cfnfnf{FeYpVr@g1p�o?p��Fo�eVo?g2nfxQj#r�c�p��(kme�{FeVcfq(x
p��(o�o%zFg2kmlFnfo�l(r�j#x#r@g#k�g#qF�Ëc�p�e'o�z�o	h	{�p�c9j#q��FcfeYp�j#rV�ËeV�Fjvu�q^c9q
ÇNcfx#{(r�om�v�
|

� ������������3 ��� ¡=�(c9e~kmo�p��(j
�/k7g2r�ª
e~g#nfnUo%z(o�h	{(p�ov�/qFj
�(o�e?cfq�p��(o
aBÆ 3^�({�r�c9q(xtp��Fo�o�z�o	h�{(p�cfjQq�|B¡=�Fo��Ug2h%ª�u=g2r@�/pVr@gv��o�r�e�g2nFp�j5c9�(o�q(�
p�c�w���p��(o©eYp@g2p�o	kmo�q
p�etc9q�p��Fom�
�(qFg#kmcfh�eVnfcfh	omcfe"g#nfnfjvu=ov�¨p�jD��cfeVc�p
j#qFn��7p��Fo,k7g2r�ª�ov�mq(j
�(o	e	|~¡=�(o	eVo5k7g2r�ªQov�mqFj
�(o�e�g2r�o5o	eVeVo�q
p�c9g2n9n��
p��(o�qFj
�(o�edu�c�p���qFj#q(�·o	kml�p®�ip�cfkmo	eYp@g#kml�eVo�p�eDcfq�j#{(r-¡�_^a?a
r�o�l(r�o	eVo	q�p@g1p�c9j#q3|/¡=�Fo%r�o�w`j2r�omc9q�jQ{�r�cfkmlFnfo	kmo	q�p@g1p�c9j#q'p��Fo/�Ug#h@ª��
u=g2r@�mpVr@gv��o�r�e�g#n�j2wNg"§�{Fo�rV�/p��(r�jQ{(xQ�mp��Fo�p�cfkmo	eYp@g#kml7g2qFqFj2p@g2p�ov�
Ì=Ç 3¬cfeNg2n9nfjvu=o	��p�j+pVr@gv��o�r�eVo~jQq(nf�tqFj
��o	e3p��Fg2p3�Ugv��o~g+qFjQq��·o	kml(p��
p�cfkmo	eYp@g2kmlmeVo�pv|B_��Fo�qDg"�(o�l�o	qU��o	qFh	o�cfe+c9�(o	q�p�c�ÏUo	�©{FqU��o�r=eV{(h%�
g�pVr@gv��o�r�e�g#n¤�?p��Fo-eYp@g1p�o	kmo	q�p7g1p©u��Fcfh@�p��(o'�(o�l�o	qU��o	qFh	oDj#r�cfxQc��
qFg2p�o	e7cfedgQ�(�(ov��p�j¨p��Fo;�
��qUg#kmcfhDeVn9cfh	o#|���q�j#{(r7o�z(g#kml(nfoQ��g#nfn
eYp@g1p�o	kmo	q�p�e+g1r�o5o�z�o	h	{�p�ov��|B¡=�(o�r�o�w�j#r�otp��(o5����qFg#kmcfh,eVnfcfh	o5cfe=p��(o
e�g2kmo�g#e�g�eYp@g1p�c9h�eVnfcfh	oQ�(u��Fcfh@�'h	jQq�p@g2c9q(e�g#nfn�q(j
�(o	e�o�z�h	o	l�p�qFj
��o
�	��|

� ������������3 )*� ¡=�Fcfe�kmo%p��Fj
�©k7g2r�ª
e?g#nfn�o�z�o	h	{�p�ov�©ov��xQo	e?c9qmp��(o
aBÆ 3^�({�r�c9q(xtp��Fo�o�z�o	h�{(p�cfjQq�|B¡=�Fo��Ug2h%ª�u=g2r@�/pVr@gv��o�r�e�g2nFp�j5c9�(o�q(�
p�c�w���p��(o©eYp@g2p�o	kmo�q
p�e�cfq�p��Fom�
�(qFg#kmcfh�eVnfcfh	o7cfe"g#nfnfj1u�ov��p�j'j#qFn��
pVr@gv��o%r�eVo©k7g2r�ª�o	��ov��xQo	e	|��t{(r��Fg#h@ª�u+g2r@��g#qFg#n���eVc9e�{(eVo	e5p�cfkmo	eY�
p@g2kmlFe�p�j"ÏUqF�D��o	l�o	qU��o	qFh�o	e=hvg2qDhvg1rVrV�djQ{(p�g"eVcfkmc9n9g1r+pVr@g1�Qo�r�e�g#n
���"o	q(eV{(r�cfqFx�p��Ug2p~g2q�ov��xQo=w�r�jQkÑqFj
��o �7p�jtqFj
��o �¸cfeÄpVr@gv��o�r�eVov�
j#qFn���c�w�p��Fo©§
{(o�rV��g1p�qFj
�(o � h	j#q�p@g#cfqFe5p�cfkmo	eYp@g2kml:H5g#qF��p��(o
p�cfkmo	eYp@g2kmlEH17�5c9e�g2eVeVj�h	c9g2p�ov�-u�c�p��'q(j
�(o �Ä| � j#r�o�j1��o�r�eVcfq(h	o
p��(cfe+g#nfxQj2r�c�p��Fk �(j�o�e+qFj#p+�(cfeYp�cfqFxQ{(cfeV�D��o�p�u=o	o�q-��cf��o%r�o	q�p=p�cfkmo	eY�
p@g2kmlFe3h	j#rVr�o	eVl�j#qU��c9q(x,p�j,g�q(j
�(oQ�1u��(o	q�g��(o�l�o	qU��o	qFh	oBcfeNw`j#{FqF���
g2qU�-q(o�u�§�{Fo�r�cfo	e,g2r�o�x#o	qFo�r@g1p�ov�;g2p,g©q(j
�(oQ�Fg#nfn3p�cfkmo	eYp@g2kmlFe+j2w
p��Fg2p?qFj
��o�g2r�o�c9q(h	nf{U��ov��cfq©p��Fo+q(o�u�n��©xQo�qFo�r@g1p�ov�m§�{Fo�rV�"w`j2r?w�{(rV�
p��(o�r=l�r�jQlFg#x�g1p�cfjQq3|B��q©p��Fo�o�z(g#kml(n9o#�Qu=o�u�cfnfn���o�g2�Fnfo�p�j�x#o�p�p��(o
�
��qUg#kmcfh7eVnfcfh	oDu��(c9h@��cfqFnfh	{U��o	e©g2nfn+qFj
�(o�e�o�z�h	o	l�p�q(j
�(oDÃ�g#qU�
�	��|

� ������������3 ;B� ¡=�Fcfe�kmo�p��Fj
���({(lFnfcfhvg2p�o	e�o�z�o	h�{(p�ov��qFj
�(o©g#qU�
c�p�e?�(o	l�o�qU�(o�qFh	o?ov�(x#o	e���{(r�cfqFx�p��Fo+o�z�o	h�{(p�cfjQq/eVj5p��Ug2pBc�p~hvg2qm�(cfeY�
p�cfq(xQ{FcfeV����o%p®u=o�o	q¨p��Fo�c9q(eYp@g#q(h	o	e"j#w�g'x#c9�Qo	q¨eYp@g1p�o	kmo	q�pv|d¡=�Fcfe
o%z(lFg#qF�(ov��x#r@g2lF��cfe'pVr@g1�Qo�r�eVov��p�jÏFqU�Ëp��Fo�l(r�o	h�c9eVo�����qUg2kmc9h
eVnfcfh	oQ| �t{(r��Ug2h%ª�u+g1r@�¬g2qUg2nf��eVcfem{FeVo�e�p�cfkmo	eYp@g#kml(e/p�j�ÏUqU�i��o��
l�o�qU�(o�qFh	o	e�g#qF�mu��(o	qdg/��o	l�o	qF�(o	q(h	o�c9e?w`jQ{(qU�©u=o�jQq(n��7g"eVcfq(xQnfo
p�cfkmo	eYp@g2kml/cfeBg#�F�(o	�"p�j,p��(o=qFo%u�nf�"x#o	qFo�r@g1p�ov�©§�{Fo%r�c9o�e	|N�®q/j#p��(o�r
u�j#r@��e~u�o�c9��o	q�p�cfw���p��Fo+l(r�o�h	cfeVo�cfq(eYp@g#qFh�o�j2wUp��Fo�g2eVeVcfxQqFkmo�q
p�]`w�j#r
�(g2p@g��(o�l�o	qU��o	qFh	ovbdg2qU�Ël(r�o	�(cfhvg2p�o]`w`j2r'h	j#q�pVr�jQn��(o�l�o	qU��o	qFh	ovb
u��(cfh%�;cfe�p��Fo�eVjQ{�r�h	o�j#wÄp��(o��(o	l�o	qF�(o	q(h	o�g2qU�'xQo�qFo�r@g1p�o/§�{(o�r�cfo	e
j#qFn���w`j2rdp��(o'h	j2rVr�o	eVl�jQqF�(cfqFx�cfq(eYp@g#qFh�o	e7j#w��#g2r�c9g#�(nfo	emp��Ug2pdg1r�o
r�o	gQ���
�Dp��Fo/g#eVeVcfxQq(kmo	q�p5j2r�l(r�ov��cfhvg2p�oQ|5�®q�jQ{�r5o�z(g#kml(nfoQ��qFj2p�o
p��Fg2p�g#n�p��Fj#{Fx#�meYp@g2p�o	kmo	q�p�e~��g#qF�mÃ�g2r�o�o�z�o	h	{�p�ov���Qp��Fo���g2r�o�qFj2p
cfq(h	nf{U�(o	��cfq�p��(o�eVnfcfh	om��o	hvg2{FeVo�p��(o��#g#nf{Fo�j#w��ºg2pm�	Ã-��o	l�o	qU��e
j#qFn��7{Fl�j#qdp��(ot�#g#nf{Fo�e=j#w�� g2qU����h	j#kmlF{�p�ov�m�
�©eYp@g2p�o	kmo	q�p�e=¾
g2qU���#�Q|

¡=�(ot��o�p@g#cfnfov�©l�r�jQlUg2x�g1p�c9j#q7j#w3§�{Fo�r�cfo	eBw`j2r�p��Fo=p���r�o	o�g#nfxQj2r�c�p��Fkme
g1r�o�eV�Fjvu�q-cfq-ÇNc9x#{(r�o��#�Q|?¡=�Fo5§
{(o�r�cfo	e+j#w�p��Fo,w�j#r�k � �9J	� ���
u��(o�r�o �Ócfe�p��(odp�cfkmo	eYp@g2kmli��o	h�p�j2rv� ��c9e/p��FodqFj
�(oDg2p�u��Fcfh%�

p��Fod§�{Fo%rV��cfe"p�j;��odo��Qg2n9{Fg2p�ov���~g#qF�	�½cfe/p��(om�Qg1r�c�g2�Fnfo7u��FjQeVo
�(o%ÏUqFc�p�cfjQqDcfe�p�j©��o,w`jQ{(qU��|~¡=�Fo�r�o�w�j#r�oQ��g/r�ov§�{Fo	eYp+w�j#rtg�eVnfcfh	o�jQq
�ºg2p�nfcfqFo-��Á-cfe5pVr@g#q(eVn�g1p�ov��cfq�p�j7p��Fom§�{Fo%rV� �¸� Ã#�2� J1�	Á_��
~|/�®q
hvg2eVo�j#wNp��(otÏFr�eYp�g2n9x#j#r�c�p��Fk¯p��(otp�cfkmo	eYp@g#kml7cfe�qFj#p�q(o	ov��ov�-g2qU�
p��Fo%r�o�w`j2r�oDp��FoD§�{Fo�rV�¨�Ug2e/p��Fo7w`j2r�k ��� J	��Á ��
~|¨J,nfn+§�{Fo%r�c9o�e
xQo�qFo�r@g1p�ov�ig2r�o7xQcf��o�qic9q�p��Fo©ÏFr�eYp"h	j#nf{Fkmq�j2w�ÇNc9x#{(r�o��Q�#|;¡=�Fo
{Fl��(g2p�ov�deVnfc9h�o/g1w�p�o�r�p��Fotl(r�j�h	o	eVeVcfq(xdj2wBg©§�{Fo%rV�Dcfe�xQcf��o�q'cfq-p��Fo
h	j2rVr�o	eVl�jQqF�(cfqFx;o	q�pVrV��j#w�p��Fo©eVo	h�jQqU��h	jQnf{Fkmq¨g#qF��p��Fo�p���l�o©j#w
�(o�l�o	qU��o	qFh	o7]¤h	j#q�pVr�jQnNj2r��Fg1p@g�b+p��Ug2p,hvg2{FeVov�'p��Fo/gQ�(�(c�p�cfjQq�j#w?g
eYp@g2p�o�kmo	q�p+p�j�p��Fo5eVnfcfh	o�cfe�g#nfeVjmcfqU�(cfhvg1p�ov��|
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ÇNcfqUg2n9n��;p��(o/u=j2r�eYp�hvg2eVo/p�cfkmo/h�jQkmlFnfo�z�c�p®�'j#w?jQ{(r5c9kml(nfo	kmo	q�p@g2�
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