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3.2 Controller
BDC/EGF	HJI<KMLNHJOPOQENLRH#LNFSC/E�TUKMLNVWKUE	TGV#I-X8F�H#I-X Y/F�KUTGKMC/EZHWKMC/E[LZF�HW\Z]AHJ^

I/E[I<KUTRH#_'KMC-E�VWX<VJ]/KM`QaWE8HJ]/KM`Q\G`Qb�V�KM`QHJIcTUd TUKUE�\�e4f:KGF	H HJLNX `PI-V�KUE�T

KMC/E*VWF�KM`QaW`QKM`QE	TRHJ_'KMC/EGLUY&I<KM`Q\gEh\RE�V�TMY&LNE	\RE[I<KUTZTMY&i/TUd TUKUE�\jV#I-X

KMC/EkLNE�F	HW\G]<`POQVWKM`QH#IlTMY<i/TUd TUKUE�\hemBDC-EnF�HJI<KMLNH#OPOQE[Ln`PI&`QKM`QV�KUE�T4VJOPO

LUY<I<KM`Q\RE�\RE	VWTMY<LNE�\RE[I<KDTMY<i/TUd TUKUE�\o]<LNHJp<OP`PI-q*V�F�KM`QaW`QKMdRi<dRX<E�KUE[LU^

\Z`PI&`PI/qhrDC/VWKD]&LNH#p&OP`PI/qhTMC/HJY<OQX8H F�F[Y<L#s-Y<I-X<E[L'rDC-V�KtF	HJI/Xu`QKM`QH#I-T�s

V#I-Xh_�HJLvC/H#rwOQH#I-q<e�f:KDLNE�F�E[`Qa�E�Tv`PI&_�HJLN\RV�KM`QHJIn_"LNHW\xKMC/EyLUY<I<KM`Q\RE

\gE�VWTMY<LNE�\RE[I<KgTMY&i/TUd TUKUE�\jV#I-X>z'{�|kX<VWKUV#i-V�TUEWs}VJI/X~Y/TUE�TZKMC&`QT

`PI<_:H#LN\RVWKM`QH#I•KUH*\RV#€ ERF	HW\G]<`POQVWKM`QH#I•X<E�F[`QTM`QHJI/T�e*f:Kv]-V�TUTUE�T�KMC/E�TUE

F	HW\G]<`POQVWKM`QH#I‚X&E	F[`QTM`QHJI/TkKUHƒKMC-EhLNE�F	HW\G]<`POQVWKM`QH#I‚TMY&i/TUd TUKUE�\hs„Xu`P^

LNE	F�KM`PI-q*KMC/E�VWF�KM`QH#I-T�H#_�KMC/EGa#V#LU`QHJY/TvF�H�\G]&`POQENLNT�e

…†VWTUE�X8H#I8`PI&_:H#LN\RVWKM`QH#Ik_‡LNHW\xKMC/EvLUY&I<KM`Q\REg\RE�VWTMY<LNE�\RENI<KUTvTMY<i&^

TUd TUKUE	\jVJI/X4KMC/E*zv{�|nX&V�KUVJi/VWTUEWs†KMC-E*F�H#I<KMLNHJOPOQE[L�F�V#I4]AE[LU_:H#LN\

KMC/E�_:HJOPOQH#rD`PI-q�V�F�KM`QHJI/T�ˆD‰�Š�`QK(F	VJI�`PI/TUKMLUY-F�K�KMC/E�LUY&I<KM`Q\RE†\RE�VWTMY<LNE[^

\gE[I<KUT�TMY&i/TUd TUKUE�\‹KUHvF�H#I<KM`PI Y-E�HJL}FUC/VJI/qWED`QKUT0]<LNHJp<OP`PI/qGTUKMLNV�KUE�qWdWs

rDC<`QFSCgF�H#Y&OQX�`PI-FNOPY-X<EDY-TM`PI/q�KMC-E�LNE�F�H�\G]<`POQVWKM`QHJI�TMY<i-TUd TUKUE	\ŒKUHD`PI&^

TUENLNK�`PI<KMLUY/TM`QaWED]&LNH#p&OP`PI/q&•�ŽWŠ-`QK(F�V#IGLNE�F	HW\G]<`POQE�HJI/E•H#L�\RH#LNE•\RE	KMC&^

H X<TtY/TM`PI/q•]<LNHJp<OP`PI/q8X&V�KUV‘KUHZ`Q\G]&LNH#a�EGKMC/E[`PLv]�E[LU_:HJLN\gVJI/F�EWeDBDC/E

F	HJI<KMLNHJOPOQENL�\RV#€ E�TDKMC/E�TUE'X&E�FN`QTM`QHJI/Tti/VWTUE�X*HJI�V#IhV#I-V#OQd KM`QFG\gH X&E[O

LNEN]&LNE�TUENI<KM`PI-q�KMC/E•F	HWTUKUT�VJI/XviAE[I/E[p/KUT�HJ_<]AE[LU_:H#LN\G`PI/q�KMC-E�TUE}KUVWTM€<T�e

BDC/E•F	HJI<KMLNHJOPOQENLDF�H�\R\�Y&I<`QF�VWKUE	T•rD`QKMCZKMC/E•H�KMC-E[L’KMrDH�F�H�\G]AH#I-E[I<KUT

Y/TM`PI/qh]&LU`QH#LU`QKMdn“WY-E[Y/E�T�•A`QKvE[”<KMLNV�F�KUT�\RE�V�TMY&LNE	\RE[I<K�E�a�E[I<KUTt_"LNH�\

V*“WY/E[Y/EGKMC/VWK�`QTtp<OPOQE�X•i<d�KMC-E�LUY<I<KM`Q\RER\RE�V�TMY&LNE	\RE[I<KUTvTMY<i/TUd TM^

KUE	\jVJI/X4`PI-TUENLNKUT•LNE	F�HW\G]<`POQVWKM`QH#IŒX<E�F[`QTM`QH#I-Th`PI<KUHnVn“WY-E[Y/E8KMC/VWK

F	HW\G]<`POQVWKM`QH#I4KMC<LNE�VWX<T•]<LNH F�E�TUT�e}–—C/E[I�KMC-E�TUE�“WY/E[Y/E�T�VJLNE�E�\G]/KMdWs

KMC/ERX<E�“WY/E[Y&`PI/q8KMC<LNE�VWXA˜:TNŠvTMOQE�E[]2eZB™C/EZaJV#LU`QHJY/TGTUd TUKUE	\šF�HW\Z]AHJ^

I/E[I<KUT*VJOQTUHƒF�HW\R\�Y<I&`QF�V�KUEh`PI-X `PLNE�F�KMOQd•i<d4LNE�V�Xu`PI/q4V#I-X›r™LU`QKM`PI/q

`PI<_:H#LN\RVWKM`QH#Ik`PInKMC/E�z'{�|‘X<VWKUVJi/VWTUE�e

3.3 RecompilationSubsystem
BDC-E�LNE�F�H�\G]<`POQVWKM`QHJI�TMY<i-TUd TUKUE	\ŒF�HJI/TM`QTUKUT�HJ_<F	HW\G]<`POQVWKM`QH#IhKMC<LNE�V�X&T

KMC/VWK•`PI<a�HJ€ E�F	HW\G]<`POQE[LNT�eDBDC/EvF�H�\G]<`POQVWKM`QHJInKMC<LNE�V�X&T�E[”<KMLNV�F�K•V#I-X

E[”<E�FNY-KUE8F�H�\G]<`POQVWKM`QHJIc]<OQVJI/T‘KMC/VWKgVJLNE‘`PI/TUE[LNKUE�X>`PI<KUH4KMC/EhF�H�\G^

]<`POQVWKM`QHJIœ“WY/E[Y-E*i<d4KMC/EhF�H#I<KMLNHJOPOQE[L#e••�E�F	HW\G]<`POQVWKM`QH#IŒH F�FNY&LNTG`PI

TUE[]/VJLNV�KUERKMC&LNE	VWX<Tv_"LNHW\mKMC-EgVJ]<]&OP`QF�V�KM`QHJI2s}VJI/XkKMC Y/T�s(F	VJIƒH F�F[Y<L

`PI4]/VJLNV#OPOQE[O:enB™C<`QTZXu`PžAENLNTG_"LNHW\ŸKMC-ER`PI<`QKM`QVJOZ˜"OQVWb�d<Š�F�H�\G]&`POQV�KM`QHJI

HJ_ZVn\RE�KMC/H XAsvrDC<`QFSC H F�F[Y<LNThKMC/Ehp&LNTUK*KM`Q\RE8V4\gE�KMC-H X>`QT‘`PI<^

aWH#€ E�XAˆ*X Y&LU`PI/qkOQVWb	d4F�HW\Z]&`POQV�KM`QHJI2s�F�HW\G]<`POQVWKM`QH#IcH F�F[Y<LNTG`PI›KMC-E

VJ]<]<OP`QF�VWKM`QH#InKMC&LNE�V�X*KMC-V�K�VWKUKUE�\G]/KUE�X*KUHt`PI<a�HJ€�EvKMC/E™Y<I/F�HW\G]<`POQE�X

\RE�KMC/H XAe

¡}VWFUC‚F�HW\Z]&`POQV�KM`QHJIl]<OQVJI¢F�HJI/TM`QTUKUTkH#_*KMC<LNE�E4F�H�\G]AHJI/E[I<KUT�ˆœVJI

£[¤2¥"¦"§Z¦Q¨J© ¥"¦:£Wª8¤A«Q©Wª
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eRBDC/E*HJ]/KM`Q\G`Qb�VWKM`QH#I•]&OQV#I›TM]AE�F[`Pp/E�TRrDC<`QFSC›HJ]/KM`Q\G`Qb�V�KM`QHJI/T

KMC/E‘F	HW\G]<`POQE[L*TMC/HJY<OQX>VJ]<]&OQd4X Y<LU`PI-q8LNE�F�H�\G]&`POQV�KM`QHJI�enBDC/EG]&LNH#^

p<OP`PI-q�X&V�KUV&s-`PI<`QKM`QVJOPO‡dkq�VWKMC/E[LNE�Xhi<dhKMC/E�LUY&I<KM`Q\REZ\RE�V�TMY&LNE	\RE[I<KUT

TMY<i-TUd TUKUE�\�sWX `PLNE�F�KUT�KMC/E•H#]-KM`Q\Z`Qb[`PI-qZF�H�\G]&`POQENL#³ T(_:E	E�Xui/VWFU€ ^´Xu`PLNE	F�KUE�X

HJ]/KM`Q\G`Qb�V�KM`QHJI/T�e*f"I-TUKMLUY/\RE[I<KUV�KM`QHJIn]&OQV#I-TZXu`QF	KUVWKUERrDC<`QFSC2s-`P_DV#I<dWs

`PI<KMLUY/TM`QaWEt`PI/TUKMLUY/\RE[I<KUVWKM`QH#I�KMC-EDF	HW\G]<`POQE[L†TMC-H#Y&OQXR`PI/TUE[LNK(`PI<KUH�KMC-E

qWENI-E[LNV�KUE�X8F�H X<EWe

BDC-E†F�HW\G]<`POQVWKM`QH#InKMC&LNE	VWX<T•KUV#€ E�T}KMC-E�H#Y-KM]<Y-K}HJ_�KMC-E�F�H�\G]&`POQENLDµ

VR¶ V#a#VGH#i�·[E�F�K�KMC/VWKDLNE[]<LNE�TUE[I<KUT�KMC-E�EN”<E�F[Y/KUVJi<OQEGF�H X<EZVJI/XhVWTUTUH#^

F[`QV�KUE�XGLUY<I<KM`Q\RE•`PI<_:HJLN\RV�KM`QHJI8˜:EN”<F�E[]/KM`QHJI�KUVJi<OQE•`PI<_:HJLN\RV�KM`QHJI*V#I-X

qWV#LUi-V�qWE*F�H#OPOQE�F�KM`QHJI \RVJ]/TNŠtµ¸VJI/Xk`PI/TUKUVJOPOQTG`QK�`PI>KMC/ER¶ ¹vº4sATUH

KMC/VWKDV#OPO�_‡Y-KMY<LNEvF�V#OPOQT�KUHGKMC<`QT�\RE�KMC/H X‘rD`POPOAY/TUEvKMC/EtI/E�r•aWE[LNTM`QH#I(e

f�IƒHJY<LZF[Y<LULNE[I<Kv`Q\G]<OQE�\RE[I<KUV�KM`QHJI2sDV#I<dh]&LNE�aW`QH#Y-TZVWF	KM`QaJV�KM`QHJI/TRHJ_

KMC/E‘\gE�KMC-H Xƒr™`POPO™F�HJI<KM`PI Y/EhKUH*Y-TUE*KMC/ERHJOQX>F�H�\G]&`POQE	X—F	H X&ER_:H#L

KMC/Et\gE�KMC-H XZY&I<KM`POAKMC/VWK�\gE�KMC-H XA³ T•V�F�KM`Qa#VWKM`QHJI�F�HW\Z]&OQE�KUE	T�e•»'HWKMC<^

`PI/q•`PI›HJY<LgX&E�TM`Qq#I•]<LNE�F[OPY/X&E	T•Y/TM`PI/qkTUKUV�FS€4_‡LNVW\RERLNE�rDLU`QKM`PI/qkKUH



¼N½-¾#¿&ÀQ¼8Á&ÂN¼	ÃWÄQÅJÆ/Ç‘¾�È�ÉMÄQÃ#¾WÉMÄQÅ#½-Ç8Å#ÊvÉMË/¼hÌg¼�ÉMË-Å Í›ÉUÅ•Æ/ÇU¼hÉMË/¼‘½/¼�Î

È	ÅWÌGÁ<ÄPÀQ¼�ÍhÃ�¼[ÂNÇMÄQÅJ½2ÏW¿<Æ-É}ÉMË<ÄQÇ0Ê"Æ<½/È�ÉMÄQÅJ½/¾JÀPÄQÉ´Ð‘Ë/¾WÇ(½/ÅWÉ}ÐW¼�É(¿A¼	¼[½RÄQÌGÑ

Á<ÀQ¼�ÌR¼N½<ÉU¼�Í�Ò†Ók¼'¼[Ô ÁA¼�È	ÉDÉMË-¾�ÉDÕ ¾JÀQ¾#ÁA¼ Ö ½/ÅRÎDÄPÀPÀ2¼�ÃW¼[½<ÉMÆ/¾JÀPÀQÐ*ÂN¼�ÎDÂUÄQÉU¼

¿/¾WÇU¼NÀPÄP½-¼ZÇUÉU¾WÈU×*Ê"ÂN¾WÌR¼	ÇDÉUÅGÅ#Á-ÉMÄQÌZÄQØ�¼�Í8ÇUÉU¾WÈU×RÊ"ÂN¾�ÌR¼�Ç�Ò†ÙÚÉ�ÄQÇ�¾WÇDÐ�¼�É

Æ<½/È[ÀQ¼�¾JÂ'ÄPÊ}ÉMË-¼NÂN¼vÄQÇtÇMÆ<Û*È[ÄQ¼N½<ÉvÌRÅ�ÉMÄQÃJ¾�ÉMÄQÅJ½ƒÉUÅRÇMÆ<Á&ÁAÅ#ÂNÉ�ÉMË-¼�ÌRÅ#ÂN¼

Í ÄPÛ*È[Æ<ÀQÉ�ÉMÂN¾J½/ÇMÄQÉMÄQÅJ½n¿A¼�É´ÎD¼�¼[½�ÉMÎDÅgÅJÁ/ÉMÄQÌGÄQØ�¼�ÍnÇUÉU¾WÈU×*Ê"ÂN¾WÌR¼	Ç�Ò

3.4 AOSDatabase
Ü

Ë/¼hÝ'Þ�ßkÍ<¾WÉU¾#¿-¾�ÇU¼hÁ&ÂNÅ#ÃWÄQÍ<¼�Ç*¾•ÂN¼[Á�ÅWÇMÄQÉUÅJÂNÐ>ÎDË/¼[ÂN¼hÉMË/¼h¾�Í&¾#Á&Ñ

ÉMÄQÃ�¼DÅJÁ/ÉMÄQÌGÄQØ�¾�ÉMÄQÅJ½�ÇUÐ ÇUÉU¼�Ì•ÂN¼�È�Å#ÂNÍ&Ç2Í&¼�ÈNÄQÇMÄQÅJ½/Ç�Ï&¼	ÃW¼[½<ÉUÇ�Ï�¾J½/Í�ÇUÉU¾WÉMÄQÈ

¾#½-¾#ÀQÐ ÇMÄQÇRÂN¼�ÇMÆ&ÀQÉUÇ�Ò

Ü

Ë/¼‘Ã#¾#ÂUÄQÅJÆ/ÇR¾WÍ<¾JÁ/ÉMÄQÃW¼8ÇUÐ ÇUÉU¼�ÌàÈ�Å�ÌGÁAÅ#½-¼[½<ÉUÇ

áWÆ/¼[ÂNÐ�ÉMË-¼�ÇU¼�¾#ÂNÉMÄPÊ:¾WÈ	ÉUÇv¾WÇD½/¼�¼�Í<¼�ÍAÒ

â

ÅJÂ}¼[Ô<¾�ÌGÁ&ÀQ¼�Ï&ÉMË/¼�È�ÅJ½<ÉMÂNÅ#ÀPÀQ¼[ÂDÆ/ÇU¼�Ç}ÉMË-¼�Ý'Þ�ßyÍ<¾WÉU¾#¿-¾�ÇU¼�ÉUÅvÂN¼�È�ÅJÂNÍ

È	ÅWÌGÁ<ÄPÀQ¾WÉMÄQÅ#½oÁ<ÀQ¾J½/Ç8¾J½/ÍcÉUÅ—ÉMÂN¾�ÈS× ÉMË-¼nÇUÉU¾WÉMÆ/Çh¾#½-Í•Ë<ÄQÇUÉUÅJÂNÐ•Å#Ê

Ìg¼�ÉMË-Å Í<ÇhÇU¼NÀQ¼�È�ÉU¼�Í•Ê:Å#ÂRÂN¼�È�Å�ÌGÁ<ÄPÀQ¾WÉMÄQÅJ½2Ò‚ÝvÇ*¾#½-Å�ÉMË-¼[Â�¼[Ô<¾�ÌGÁ<ÀQ¼WÏ

ÉMË/¼>È�ÅWÌZÁ&ÄPÀQ¾�ÉMÄQÅJ½mÉMË<ÂN¼�¾WÍ<ÇkÂN¼�È�Å#ÂNÍŒÇUÉU¾WÉMÄQÈ›¾J½/¾JÀQÐ ÇMÄQÇ>¾J½/ÍŒÄP½&ÀPÄP½<Ñ

ÄP½/ãnÇMÆ-ÌRÌg¾JÂUÄQ¼�ÇRÁ<ÂNÅ ÍuÆ/È�¼�Í4¿<Ð4ÉMË/¼*ÅJÁ/ÉMÄQÌGÄQØ[ÄP½/ã—È	ÅWÌGÁ<ÄPÀQ¼[Â#Ò

Ü

Ë/¼

È	ÅJ½<ÉMÂNÅJÀPÀQ¼NÂh¾#½-Í>Å#ÂNãW¾J½<ÄQØ�¼[Â�ÉMË<ÂN¼�¾WÍ<ÇRáWÆ/¼[ÂNÐ4ÉMË<ÄQÇGÄP½<Ê:ÅJÂNÌR¾�ÉMÄQÅJ½ ¾WÇ

½/¼�¼�Í<¼�Í•ÉUÅnãJÆ<ÄQÍ&¼8ÂN¼�È�Å�ÌGÁ<ÄPÀQ¾WÉMÄQÅJ½¢Í&¼�ÈNÄQÇMÄQÅJ½/Ç�ÒŒä8ÅJÂN¼8Í<¼�ÉU¾#ÄPÀQÇhÅJ½

ÉMË/¼�È[Æ<ÂUÂN¼[½<ÉtÄQÌZÁ&ÀQ¼�Ìg¼[½<ÉU¾WÉMÄQÅ#½>¾JÁ<ÁA¼�¾#ÂvÄP½ƒß ¼�È�ÉMÄQÅJ½ƒå Ò

4. MULTI­LEVEL RECOMPILA TION
Ü

Ë<ÄQÇRÇU¼�È�ÉMÄQÅ#½•Í<¼�ÇUÈ[ÂUÄP¿A¼	Ç‘ÉMË/¼RÄQÌGÁ<ÀQ¼�ÌR¼[½<ÉU¾�ÉMÄQÅJ½œÅJÊ'ÉMË-¼*¾�Í&¾#Á-ÉMÄQÃ�¼

ÂN¼	È�ÅWÌGÁ<ÄPÀQ¾WÉMÄQÅ#½•ÇUÐ ÇUÉU¼�Ì�ÒZßu¼	È�ÉMÄQÅJ½›å*Í&¼	ÇUÈ[ÂUÄP¿A¼�Ç�Ë-Å#Î‚ÉMË<ÄQÇ�ÇUÐ ÇUÉU¼�Ì

ÄQÇn¼[Ô<ÉU¼[½/Í<¼�Í‚ÉUÅ•ÇMÆ&Á<ÁAÅJÂNÉƒÅJÆ<Âkæ<ÂNÇUÉ8ÅJ½<ÀPÄP½-¼•Ê�¼�¼�Í ¿-¾�ÈS× Ñ´Í ÄPÂN¼�È�ÉU¼�Í

Å#Á-ÉMÄQÌZÄQØ�¾WÉMÄQÅ#½(Ï�¾WÍ<¾JÁ/ÉMÄQÃW¼•ÄP½<ÀPÄP½&ÄP½�ã&Òçß ¼�È�ÉMÄQÅ#½‹è&ÒQékÁ<ÂNÅJÃWÄQÍ<¼�Ç>¾J½

Å#Ã�¼[ÂNÃWÄQ¼�ÎšÅ#Ê�ÉMË/¼‘ÄQÌGÁ<ÀQ¼�ÌR¼[½<ÉU¾�ÉMÄQÅJ½�Ò¢ßu¼	È�ÉMÄQÅJ½cè<ÒPêhÁ&ÂNÅ#ÃWÄQÍ<¼�ÇhÍ<¼[Ñ

ÉU¾#ÄPÀQÇ�È�ÅJ½/È�¼[ÂU½<ÄP½/ã‘Ë/ÅJÎ•Á<ÂNÅJæ<ÀPÄP½-ãhÄP½<Ê:ÅJÂNÌg¾WÉMÄQÅJ½nÄQÇvÅ#¿-ÉU¾#ÄP½-¼	Í�Ò'ß ¼�È[Ñ

ÉMÄQÅ#½nè&Ò ëRÍ ÄQÇUÈ[Æ-ÇUÇU¼	Ç�ÉMË-¼vÂN¼�È	ÅWÌGÁ<ÄPÀQ¾WÉMÄQÅ#½>ÌRÅ Í<¼[À:Ò

4.1 Overview
â

ÄQã#Æ&ÂN¼*ëRÁ<ÂNÅJÃWÄQÍ<¼�ÇR¾#½nÅ#ÃW¼[ÂNÃWÄQ¼�Î‹ÅJÊ†ÉMË-¼ZÄQÌGÁ&ÀQ¼	ÌR¼[½<ÉU¾WÉMÄQÅ#½(Ò

Ü

Ë/¼

È	ÅJ½<ÉMÂNÅJÀPÀQ¼NÂ�ÉMË&ÂN¼	¾WÍGÄQÇ�È[ÂN¼	¾WÉU¼�ÍRÍ Æ<ÂUÄP½-ãZÕ ìvä‚¿AÅ ÅWÉ}ÉMÄQÌR¼WÒ}Ù:É�ÇMÆ&¿/ÇU¼[Ñ

áWÆ/¼[½<ÉMÀQÐnÈ[ÂN¼�¾�ÉU¼�ÇGÉMË<ÂN¼�¾�Í&Ç�È�Å#ÂUÂN¼�ÇMÁAÅ#½-Í ÄP½-ãƒÉUÅ‘ÉMË/¼RÅ�ÉMË-¼[ÂZÇMÆ<¿/ÇUÐ ÇMÑ

ÉU¼	ÌRÇ�íhÅ#ÂNãW¾#½&ÄQØ�¼NÂhÉMË<ÂN¼�¾�Í&Ç*ÉUÅ8ÁA¼[ÂUÊ:Å#ÂNÌjÇU¾WÌZÁ&ÀQ¼[Ñ:¿/¾WÇU¼�Í•ÂUÆ<½<ÉMÄQÌR¼

Ìg¼�¾WÇMÆ<ÂN¼�ÌR¼[½<ÉUÇ�¾#½-Ín¾*ÇMÄP½-ã#ÀQ¼RÈ�Å�ÌGÁ&ÄPÀQ¾�ÉMÄQÅJ½›ÉMË<ÂN¼�¾WÍ<îRÉUÅRÁA¼[ÂUÊ:Å#ÂNÌ

ÂN¼	È�ÅWÌGÁ<ÄPÀQ¾WÉMÄQÅ#½�ÒšÝ�Ê:ÉU¼[Â�ÉMË-¼�ÇU¼ƒÉMË&ÂN¼�¾�Í&Ç8¾#ÂN¼kÈNÂN¼�¾WÉU¼�ÍAÏZÉMË-¼nÈ�Å#½&Ñ

ÉMÂNÅ#ÀPÀQ¼[Â'ÇMÀQ¼�¼[Á/ÇDÆ&½<ÉMÄPÀ’ÉMË-¼�ÂUÆ&½<ÉMÄQÌR¼�Ìg¼�¾WÇMÆ<ÂN¼�ÌR¼[½<ÉUÇ�ÇMÆ<¿-ÇUÐ ÇUÉU¼	ÌlÄP½&Ñ

ÇU¼NÂNÉUÇt¾#½n¼�ÃW¼N½<É™ÄP½nÉMË/¼�ÅJÂNã�¾J½<ÄQØ�¼[Â„¼�ÃW¼[½<É'áWÆ-¼NÆ-¼WÒ

Ü

Ë/¼R¾WÍ<¾JÁ/ÉMÄQÃW¼*Å#Á-ÉMÄQÌGÄQØ	¾WÉMÄQÅJ½›ÇUÐ ÇUÉU¼�Ìðï:Î™ÄQÉMË/ÅJÆ/ÉZ¾WÍ<¾JÁ/ÉMÄQÃW¼RÄP½&ÀPÄP½<Ñ

ÄP½/ã ñ�È[ÂN¼�¾�ÉU¼�ÇvÉ´ÎDÅRÅJÂNã�¾J½<ÄQØ�¼[ÂZÉMË<ÂN¼�¾WÍ<Ç�ÏA¾*ò-ó ô�õRö#ôQò-ó#÷Wø�óWù�úuûWü/ýQþJö�ù

¾#½-Íg¾R÷ öNÿ[û��'óWù:ú ûWü-ý þJö�ù Ò

Ü

Ë-¼}Ë-Å�É�ÌR¼�ÉMË/Å Í&Ç}ÅJÂNã�¾J½<ÄQØ�¼[ÂDÁ<ÂNÅ È�¼�ÇUÇU¼�Ç

Ìg¼�ÉMË-Å Í›ÇU¾WÌGÁ<ÀQ¼�Ç*¾J½/Í4ÄP½-ÇU¼NÂNÉUÇ•Ë/ÅWÉgÌR¼�ÉMË/Å Í•¼�Ã�¼[½<ÉUÇGÄP½›ÉMË-¼�ÅJÂUÑ

ã�¾J½<ÄQØ�¼[Â*¼	ÃW¼[½<É�áWÆ/¼[Æ/¼‘ÉUÅ�¾JÀPÀQÅ#ÎlÉMË/¼RÈ�Å#½<ÉMÂNÅJÀPÀQ¼[Â•ÉUÅhÈ�Å#½-ÇMÄQÍ<¼[Â*ÉMË/¼

Ìg¼�ÉMË-Å Í<Ç•Ê:Å#Â�ÂN¼�È�Å�ÌGÁ&ÄPÀQ¾�ÉMÄQÅJ½�Ò��}¾WÈUË*¼�Ã�¼[½<É}È�ÅJ½<ÉU¾#ÄP½-Ç�ÉMË/¼DÌR¼�ÉMË/Å Í

Ù��à¾J½/ÍwÄQÉUÇhÂN¼[ÀQ¾�ÉMÄQÃW¼4Ë/ÅWÉM½/¼�ÇUÇ�Ò

Ü

Ë/¼nÍ&¼�È	¾JÐ•Å#ÂNãW¾#½&ÄQØ�¼NÂnÍ&¼�È	¾JÐ Ç

È	ÅJÆ<½<ÉU¼[ÂNÇ•È	ÅJ½<ÉU¾JÄP½/¼�ÍRÄP½*ÉMË/¼•ÂUÆ<½<ÉMÄQÌR¼�ÌR¼�¾WÇMÆ<ÂN¼�ÌR¼N½<ÉUÇ•ÇMÆ<¿-ÇUÐ ÇUÉU¼	ÌhÒ

ßWÆ/ÈSË*È	ÅJÆ<½<ÉU¼[ÂNÇ0ÄP½/È[ÀPÆ/Í&¼'ÉMË-¼DË/ÅWÉ�ÌR¼	ÉMË-Å ÍRÈ	ÅJÆ<½<ÉU¼[ÂD¾#½-ÍZÉMË/¼tÈ	ÅJÆ<½&Ñ

ÉU¼NÂNÇD¾WÇUÇUÅ È[ÄQ¾�ÉU¼�Í8ÎDÄQÉMË8È�¾#ÀPÀ�ã#ÂN¾JÁ<Ë8¼�Í<ãW¼�Ç�Í ÄQÇUÈ[Æ/ÇUÇU¼�ÍhÄP½nß ¼�È�ÉMÄQÅ#½ƒåuÒ

Ü

Ë/¼DÍ<¼�È�¾#ÐGÅ#ÂNãW¾#½&ÄQØ�¼NÂDÍ<Å ¼�Ç(½/ÅWÉ}È�ÅWÌRÌ�Æ<½&ÄQÈ�¾�ÉU¼�ÍuÄPÂN¼�È	ÉMÀQÐRÎDÄQÉMËRÉMË/¼

È	ÅJ½<ÉMÂNÅJÀPÀQ¼NÂ#Ò

î��
Æ&ÂUÂN¼[½<ÉMÀQÐ�ÏvÕ ¾#ÀQ¾JÁA¼ Ö ½/Å4Æ-ÇU¼	Ç‘¾ƒÇMÄQÌGÁ&ÀQ¼nÈ�Å�¾JÂNÇU¼[Ñ´ãJÂN¾#ÄP½-¼	ÍwÀQÅ ÈU× ÄP½-ã

ÇUÈUË/¼�ÌR¼nÉUÅkÈ�Å#½<ÉMÂNÅJÀ„¾WÈ�È�¼	ÇUÇhÉUÅ4¾kÊ�¼�ÎxÕ ìvä ÇU¼NÂNÃWÄQÈ�¼�Ç�Ò‚Ù"½•Á/¾JÂUÑ

ÉMÄQÈNÆ&ÀQ¾#Â#Ï�¾WÈ�È�¼	ÇUÇMÄP½-ã>È�¼[ÂNÉU¾#ÄP½•È[ÀQ¾�ÇUÇRÀQÅW¾WÍ<¼[Â�Í<¾WÉU¾nÇUÉMÂUÆ-È�ÉMÆ<ÂN¼�Ç*ÉMË/¾WÉ

Õ ¾#ÀQ¾JÁA¼ Ö ½-Å	� Ç8È�Å�ÌGÁ<ÄPÀQ¼[ÂNÇ•½/¼�¼�Í•ÉUÅ4ÂN¼�¾�Í•ÍuÆ<ÂUÄP½/ã•È�ÅWÌGÁ<ÄPÀQ¾WÉMÄQÅ#½‚ÂN¼[Ñ

áWÆ<ÄPÂN¼�Ç}ÉMË-¾�É�ÉMË-¼†Õ ìväxÌR¾�ÇUÉU¼[Â�ÀQÅ ÈS×Z¿A¼•Ë/¼[ÀQÍAÒ

Ü

Ë<ÄQÇ(ÀQÅ ÈU× ÄP½-ãZÇUÉMÂN¾WÉMÑ

¼	ãWÐRÁ&ÂN¼	ÃW¼[½<ÉUÇ'ÌyÆ<ÀQÉMÄPÁ&ÀQ¼gÈ�ÅWÌGÁ<ÄPÀQ¾WÉMÄQÅ#½4ÉMË<ÂN¼�¾�Í&Ç�Ê"ÂNÅWÌ‚¿A¼[ÄP½/ã‘¼�
A¼�È[Ñ

ÉMÄQÃ�¼WÏ-¾#½-Í8È	¾J½8ÄP½<ÉMÂNÅ Í Æ-È�¼�ÀQÅ ÈU×8È�Å#½<ÉU¼[½<ÉMÄQÅJ½n¿A¼�É´ÎD¼�¼[½�ÉMË-¼�È�Å�ÌGÁ<ÄPÑ

ÀQ¾�ÉMÄQÅJ½ƒÉMË&ÂN¼	¾WÍ8¾J½/Íh¾#Á&Á<ÀPÄQÈ�¾�ÉMÄQÅW½>ÉMË&ÂN¼	¾WÍ<Ç�Ò

Ü

Ë-¼nÈ�Å�ÌGÁ&ÄPÀQ¾�ÉMÄQÅJ½‚ÉMË<ÂN¼�¾�Í ¼[Ô<ÉMÂN¾�È�ÉUÇ‘Á<ÀQ¾J½/ÇhÊ"ÂNÅ�Ì ÉMË/¼8È�ÅWÌZÁ&ÄPÀQ¾#Ñ

ÉMÄQÅJ½›áWÆ/¼[Æ/¼‘¾#½-ÍnÄP½<ÃWÅJ×�¼�ÇRÉMË/¼*ÅJÁ/ÉMÄQÌGÄQØ[ÄP½/ã—È	ÅWÌGÁ<ÄPÀQ¼[ÂRÁ/¾WÇUÇMÄP½/ã•ÄP½

ÉMË/¼‘È	ÅWÌGÁ<ÄPÀQ¾WÉMÄQÅ#½•Á&ÀQ¾#½(Ò

Ü

Ë/¼*È�ÅWÌGÁ<ÄPÀQ¾WÉMÄQÅ#½cÉMË&ÂN¼	¾WÍ4ÂN¼�È�Å#ÂNÍ&ÇZÉMË-¼

È�Å�ÌGÁ&ÄPÀQ¾�ÉMÄQÅJ½‹ÉMÄQÌR¼kÊ�ÅJÂ8ÉMË/¼kÂN¼�È	ÅWÌGÁ<ÄPÀQ¼�Í‚ÌR¼�ÉMË/Å ÍwÄP½œÉMË/¼kÝ'Þ�ß

Í<¾WÉU¾J¿/¾WÇU¼*ÉUÅ*¾JÀPÀQÅ#Î‚Ê:ÅJÂ„ÌRÅJÂN¼R¾�È�È[Æ<ÂN¾WÉU¼RÌgÅ Í&¼[ÀPÄP½/ãnÅJÊ}Ê"Æ-ÉMÆ<ÂN¼�ÂN¼[Ñ

È�Å�ÌGÁ&ÄPÀQ¾�ÉMÄQÅJ½>Í<¼�È[ÄQÇMÄQÅ#½-Ç�Ò

4.2 Sampling
Ü

Ë-¼8ÇU¾�ÌGÁ<ÀPÄP½-ã>ÄQÌGÁ&ÀQ¼	ÌR¼[½<ÉU¾WÉMÄQÅ#½‚ÉU¾J×�¼�Ç*¾WÍ<Ã#¾J½<ÉU¾Wã�¼kÅ#Ê�¼[Ô ÄQÇUÉMÄP½/ã

ÌR¼�ÈUË/¾J½<ÄQÇUÌRÇ•ÄP½*ÉMË/¼DÕ ¾JÀQ¾#ÁA¼ Ö ½/Å�Õ ìvä4Ò
�D¼[Ê:Å#ÂN¼DÇUÎDÄQÉUÈSË<ÄP½/ãGÉMË<ÂN¼�¾WÍ<Ç�Ï

¾�È�ÅJÆ<½<ÉU¼[Â’¾WÇUÇUÅ È[ÄQ¾�ÉU¼�ÍRÎDÄQÉMËZÉMË-¼}È[Æ<ÂUÂN¼[½<É(Ìg¼�ÉMË-Å Í�ÄQÇ�ÄP½/È[ÂN¼�Ìg¼[½<ÉU¼�ÍAÒ

Ü

Ë-¼'ÇUÐ ÇUÉU¼�Ìl¾�ÉUÉMÂUÄP¿&Æ/ÉU¼�Ç�¾�ÇU¾WÌZÁ&ÀQ¼�ÉU¾#× ¼[½�ÅJ½�¾�¿-¾�ÈS×•¼�Í&ã�¼vÉUÅZÉMË-¼

È[Æ<ÂUÂN¼[½<ÉRÌR¼	ÉMË-Å ÍAÒnÝxÇU¾WÌGÁ<ÀQ¼hÉU¾#× ¼[½>ÄP½›¾8ÌR¼�ÉMË/Å Í4Á&ÂNÅ#ÀQÅWãJÆ/¼8ÄQÇ

È[ÂN¼�Í ÄQÉU¼�ÍnÉUÅG¿AÅ�ÉMË4ÉMË/¼GÈ	¾JÀPÀPÄP½/ã8¾J½/Í8È[Æ&ÂUÂN¼N½<ÉvÌR¼�ÉMË/Å ÍAÏAÈ�¾JÁ/ÉMÆ&ÂUÄP½/ã

ÉMË/¼hÊ:¾WÈ�É*ÉMË/¾WÉ�È�ÅJ½<ÉMÂNÅ#ÀvÄQÇ‘ÄP½cÉMÂN¾#½-ÇMÄQÉMÄQÅ#½ ¿�¼�ÉMÎD¼	¼[½•¿AÅ�ÉMËcÌR¼�ÉMË<Ñ

Å Í<Ç�Ò•Ón¼DË-¾#Ã�¼t¼NÔ ÁA¼[ÂUÄQÌR¼[½<ÉU¼	ÍhÎDÄQÉMË*ÅWÉMË/¼[Â†ÇU¾WÌGÁ<ÀPÄP½/ãR¾WÉUÉMÂUÄP¿<Æ-ÉMÄQÅ#½

ÇUÉMÂN¾WÉU¼	ãJÄQ¼�Ç�¾J½/ÍRË-¾#Ã�¼tÊ:Å#Æ&½/Í*ÉMË&ÄQÇ�ÅJ½/¼vÉUÅv¿�¼vÌRÅ�ÇUÉ•¼�
�¼�È�ÉMÄQÃW¼�Ò

Ü

Ë-¼

¾WÈ	È[Æ&ÂN¾�È�Ð8ÅJÊ}ÉMË<ÄQÇvÇU¾�ÌGÁ<ÀPÄP½-ã8ÉU¼�ÈUË<½&ÄQáWÆ/¼RÄQÇtÄP½<ÃW¼	ÇUÉMÄQãW¾WÉU¼	ÍkÄP½nÌRÅJÂN¼

Í<¼�ÉU¾JÄPÀ�ÄP½�� ���´Ò

Ü

Ë&ÄQÇ'ÇU¾WÌGÁ<ÀPÄP½/ã8ÉU¼�ÈSË<½<ÄQáWÆ-¼GÁ<ÂNÅ#ÃWÄQÍ&¼	ÇG¾G¿/¾WÇMÄQÈgÌR¼�ÈUË-¾#½&ÄQÇUÌšÉUÅg¼�ÇMÑ

ÉMÄQÌR¾�ÉU¼RÉMË-¼ZÉMÄQÌR¼RÇMÁ�¼[½<ÉvÄP½4¼NÔ<¼�È[Æ/ÉMÄQÅJ½>Å#ÊD¼�¾�ÈSËƒÌR¼�ÉMË/Å ÍAÒRÙ"½nÉMË-¼

¾WÍ<¾JÁ/ÉMÄQÃW¼nÅJÁ/ÉMÄQÌGÄQØ�¾�ÉMÄQÅJ½œÇUÐ ÇUÉU¼�ÌhÏ†ÉMÎDÅ8Å#ÂNãW¾J½<ÄQØ�¼[Â�ÉMË&ÂN¼	¾WÍ<ÇGÁA¼[ÂUÄPÑ

Å Í ÄQÈ�¾JÀPÀQÐ8Á&ÂNÅ È	¼�ÇUÇvÉMË/¼vÂN¾#Î Í<¾WÉU¾<Ò

Ü

Ë-¼Zæ&ÂNÇUÉ�Å#ÂNãW¾J½<ÄQØ�¼[Â•ÉMË&ÂN¼�¾�Í•ï:ÉMË/¼*ò-ó ô•õgöJôQò-ó#÷8óWù:ú ûWü-ý þJö�ù ñ[Ï&ÈNÂN¼[Ñ

¾WÉU¼	Í8ÍuÆ<ÂUÄP½-ã8ÇUÐ ÇUÉU¼	Ì ÇUÉU¾#ÂNÉMÆ&Á2Ï-ÄP½-ÇUÉU¾#ÀPÀQÇR¾*ÇU¾WÌGÁ<ÀPÄP½/ã8ÅJ¿��[¼�È�ÉZï:ÉMË-¼

õgöJôQò-ó#÷��Pý"ø�ô:ö�üAö�ù ñ(ÉUÅyÂN¼�È	ÅJÂNÍRÂN¾#Î•Í&¾�ÉU¾yÂN¼�ã�¾JÂNÍ ÄP½-ã*ÉMË/¼v¼[Ô<¼	È[Æ-ÉMÄQÅ#½

Á<ÂNÅJæ<ÀQ¼WÒ���Æ&ÂUÄP½/ã*¾�ÉMË&ÂN¼�¾�ÍhÇUÎDÄQÉUÈUË(Ï<ÉMË/¼vìvämÄP½<ÃWÅJ×�¼�ÇvÉMË/¼����	�	���	 

ÌR¼�ÉMË/Å Í4Å#ÊvÉMË<ÄQÇ�ÀPÄQÇUÉU¼[½-¼NÂ#ÏDÎDË&ÄQÈUË4ÂN¼�È	ÅJÂNÍ<ÇGÉMË/¼*È[Æ&ÂUÂN¼N½<ÉMÀQÐ4¾WÈ�ÉMÄQÃ�¼

ÌR¼�ÉMË/Å ÍhÄP½8¾ZÂN¾JÎcÍ<¾WÉU¾G¿<Æ!
�¼[Â#Ò

Ü

Ë<ÄQÇv¾WÈ	ÉMÄQÃWÄQÉMÐhÈ	ÅWÇUÉUÇvÅ#½&ÀQÐ�¾GÊ:¼�Î

¾WÍ<Í ÄQÉMÄQÅJ½/¾JÀ}È�Ð È[ÀQ¼	ÇtÍ Æ<ÂUÄP½-ã*¼�¾�ÈSË�ÉMË<ÂN¼�¾WÍ�ÇUÎ™ÄQÉUÈUË2Ï&¾#½-Í�ÉMË-¼�ÁA¼[ÂUÊ:Å#ÂUÑ
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6.1 Experimental Methodology
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