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BUDDY

BUDDY

BUDDY

DATA
COMMON
THREAD

(rtai, rtai_sched, lxrt, rtai_shm, rtai_fifos, rt_com_lxrt, 
rt_net_lxrt, rt_par_lxrt, rt_net, rt_com, rt_parport)

RTAI KERNEL SPACE SERVICES

munlockall()

FUN

mlockall()
rt_make_hard_real_time()

rt_task_init()
sched_setscheduler()

rt_task_delete()
rt_make_soft_real_time()

rt_task_make_periodic()
while {

}

...

rt_task_wait_period()

USER SPACE

pthread_create(..,fun,..)
start_rt_timer()

MAIN
rtai_malloc()
rt_task_init()

rtai_free()
stop_rt_timer()
rt_task_delete()
}

...
{while

pthread_create(.,linux_serv,.)

LINUX

LINUX SERVER
sched_setscheduler()
rt_task_init()
mlockall()
...

�xÖ ë™ózÝ…Ù¯û��Oâƒê•îzÖÅØ”å«ædó6èžÙKÞ«à[åÇà ózæ æ ê�à Ùbå}Ú…ózÝ…Ùbñ-ó6èžÙ”Ýºèžî6å™ØGÙ<Û6å«Ý|ñ-Ý…Ùbå«ædÚ…Ö ç¯ÙKîzÝ…Þ–ØGÙbè…è°é©Ö Ú…Û�å¯è…Ø|ÛzÙbñ–ózæ Ù”ÝVÚ…Ö ç¯Ù”Ý

BUDDY

BUDDY

(rtai, rtai_sched, lxrt, rtai_shm, rtai_fifos, rt_com_lxrt, 
rt_net_lxrt, rt_par_lxrt, rt_net, rt_com, rt_parport)

RTAI KERNEL SPACE SERVICES

DATA
COMMON

USER SPACE

MANAGER
TASK

TIMERS

(execs fun
at prior)

LINUX

MAIN
sched_setscheduler()

rt_task_delete()
stop_rt_timer()
rt_delete_timer()
rt_remove_timer()
}

...
{while

pthread_create(.,linux_serv,.)
rt_insert_timer(..,fun,.,prior)
rt_init_timer()
start_rt_timer()
mlockall()
rt_task_init()

munlockall()

LINUX SERVER
sched_setscheduler()
rt_task_init()
mlockall()
...

FUN

{ ...

}

�xÖ ë™ózÝ…Ù]ý��Bâƒê•îzÖÅØ”å«æ�ó6èžÙ<Þ«àBåÇÛ6å«Ý|ñ�Ú…Ö ç¯Ùbñ-Ú|å™è��•æ ÙGÚ]ø½Ú…Ö ç¯Ù”ÝYùVÖ ×Ró6èžÙ”Ýºèžî6å™ØGÙ



SHARED

MEMORY

BUDDY

BUDDY

BUDDY

DATA
COMMON
THREAD

(rtai, rtai_sched, lxrt, rtai_shm, rtai_fifos, rt_com_lxrt, 
rt_net_lxrt, rt_par_lxrt, rt_net, rt_com, rt_parport)

RTAI KERNEL SPACE SERVICES

rt_sem_signal()

TIMER

MAIN
rtai_malloc()
rt_task_init()
pthread_create(..,fun,..)
pthread_create(.,linux_serv,.)
while {

...

rt_task_delete()
rtai_free()

}

FUN
sched_setscheduler()
rt_task_init()
mlockall()
rt_make_hard_real_time()
while {

rt_sem_wait()

USER SPACE

...
}

rt_make_soft_real_time()
rt_task_delete()
munlockall()

LINUX SERVER

sched_setscheduler()
rt_task_init()
mlockall()
...

LINUX

�xÖ ë™ózÝ…Ù

�

�Oâƒê•îzÖÅØ”å«ædó6èžÙKÞ«à[åÇà ózæ æ ê�à Ùbå}Ú…ózÝ…Ùbñ-ó6èžÙ”Ýºèžî6å™ØGÙ<Û6å«Ý|ñ-Ý…Ùbå«æ#Ú…Ö ç¯Ù]îzÝ…Þ–ØGÙbè…è°é©Ö Ú…Û�å«×�ÙGí•Ú…Ù”Ý…×6å«ædÚ…Ö ç¯Ù”Ý

(rtai, rtai_sched, lxrt, rtai_shm, rtai_fifos, rt_com_lxrt, 
rt_net_lxrt, rt_par_lxrt, rt_net, rt_com, rt_parport)

RTAI KERNEL SPACE SERVICES

SHARED

MEMORY

BUDDY

DATA

COMMON

BUDDY

USER SPACE

TIMER
rt_find_tasklet_by_id(tname)

rt_tasklet_exec()

rt_delete_tasklet()
rt_remove_tasklet()

}
...
{while

rt_insert_tasklet(tname,fun,.)
rt_init_tasklet()

MAIN
rtai_malloc()
sched_setscheduler()
rt_task_init()
mlockall()
pthread_create(.,linux_serv,.)

rtai_free()

rt_task_delete()
munlockall()

LINUX SERVER

sched_setscheduler()
rt_task_init()
mlockall()
...

LINUX

FUN

{ ...

}

�xÖ ë™ózÝ…Ù �#�Bâƒê•îzÖÅØ”å«æ�ó6èžÙ<Þ«àBåÇÛ6å«Ý|ñ-Ö ×`Ú…Ù”Ý…Ý…ózî–ÚVÚ|å™è��•æ ÙGÚ®ø½Ú…Ö ç¯Ù”ÝYù°Ö ×Ró6èžÙ”Ýºèžî6å™ØGÙ



é°Þ™Ý|è@ÚbþBâVÛzÙ<çÆå}í–Ö ç®ózç

�

Ö ÚžÚ…Ù”Ýºç¯Ùbå™èžózÝ…Ùbñ�ñ–ózÝ…Ö ×zëÆå«æ æ�Ú…ÛzÙ

Ú…Ùbè@Ú|èVéVå™è<û21 S3è”þ

ãºæ æ]Ú…Ùbè@Ú|èÒé°Ù”Ý…Ù:Ý…óz×4ó6èžÖ ×zë Ùbå™Ø|Û$Þ«àÇÚ…ÛzÙ5è…Ø|ÛzÙ”ç¯ÙbèÒñ–ÙGð

è…ØGÝ…Ö Ü#Ùbñ�å«Ü#Þ}ï™Ù™þ âVÛzÙßèžî#ÙbØGÖ �#Ø7Ú|å™è��4î#Ù”Ý…Ö Þ–ñzè é©Ö æ æ¯Ü#Ù

ë™Ö ï™Ù”×3ì`à Þ™ÝVÙbå™Ø|Û-Ú…Ùbè@ÚºØ”å™èžÙ™ì–Ö ×-Ú…ÛzÙIà Þ™æ æ Þ}é©Ö ×zëÇî6å«ÝžÚ©Þ«àŸÚ…ÛzÙ

î6å«î#Ù”Ýbþ

ä‚×ÇÚ…ÛzÙ©à Þ™æ æ Þ}é©Ö ×zë<î6å«Ý|å«ë™Ý|å«îzÛ6è[å<ÜzÝ…Ö ÙGà3ñ–Ùbè…ØGÝ…Ö î–Ú…Ö Þ™×¯Þ«à#Ú…ÛzÙ

ÙGí–î#Ù”Ý…Ö ç¯Ù”×`Ú|å«æ®å«îzîzæ ÖÅØ”å}Ú…Ö Þ™×6èRçÆå™ñ–Ù/å}Ú ôDä@ãDöƒ÷>ìDó6èžÖ ×zë

Ú…ÛzÙ �
�Iá[â�ç¯Þ–ñ–ózæ Ù ÖÅè-Ý…Ù”î#Þ™ÝžÚ…Ùbñ$þ �zÞ™Ý�ç¯Þ™Ý…Ù ñ–ÙGÚ|å«Ö æÅè

å«Ü#Þ™ó–ÚVÚ…ÛzÙKÝ…Ù”æÅå}Ú…Ùbñ�å™ØYÚ…Ö ï•Ö Ú…Ö Ùbè©èžÙ”Ù<Ú…ÛzÙKÝ…ÙGà Ù”Ý…Ù”×6ØGÙbè”þ

� �

Ô��RÎ�&IÍBÔGÏÇÌ Ó©ÏÇÌÇÍ[ÎBÏ��7Ï��+&���&]Ì ���

âVÛzÖÅè$èžÙbØYÚ…Ö Þ™×�ñ–Ùbè…ØGÝ…Ö Ü#ÙbèqÚ…ÛzÙ å™ØYÚ…Ö ï™Ù�ï•Ö ÜzÝ|å}Ú…Ö Þ™× èžózî–ð

îzÝ…Ùbè…èžÖ Þ™× ÙGí–î#Ù”Ý…Ö ç¯Ù”×`Ú Þ«à å�ò#å}Ú�å«æ ózç¯Ö ×•ózç î6å«×zÙ”æ

ø 38686}í���686«ç¯ç�ùYì<ó6èžÖ ×zëqå ÷�ózæ Ú…ÖÇä‚×zîzó–Ú:÷�ózæ Ú…Ö -Dó–Ú…îzó–Ú

øl÷�ä@÷ -<ùºèžózÜ–ðgÞ™î–Ú…Ö çÆå«æxØGÞ™×`Ú…Ý…Þ™æŸèžê–è@Ú…Ù”ç�å«×6ñRÚ…ÛzÝ…Ù”Ù®ØGÞ™ó–ð

îzæ Ùbè[Þ«àdîzÖ Ù”õ”Þ•Ù”æ ÙbØYÚ…Ý…ÖÅØ©èžÙ”×6èžÞ™Ý|è[å«×6ñ¯å™ØYÚ…ó6å}Ú…Þ™Ý|èBå«îzîzæ Ö ÙbñÇÞ™×

Ü#Þ«Ú…Û�Ú…ÛzÙ<Ú@é°Þ¯èžÖÅñ–Ùbè©Þ«àŸÚ…ÛzÙKî6å«×zÙ”æƒú �}ügþ
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�
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âVÛzÙ�ñ–ÙbèžÖ ë™×5Þ«àIÚ…ÛzÙÒØGÞ«ðgæ Þ–Ø”å}Ú…Ùbñ/ØGÞ™×`Ú…Ý…Þ™æ©èžê–è@Ú…Ù”ç ÖÅè¯Þ™Ü–ð

Ú|å«Ö ×zÙbñ à Ý…Þ™ç å�ç¯Þ–ñ–Ù”æ°é©ÛzÖÅØ|Û/ØGÞ™Ý…Ý…Ù”æÅå}Ú…ÙbèKÙGí–î#Ù”Ý…Ö ç¯Ù”×`Ú|å«æ

ñzå}Ú|å®å«×6ñ�×•ózç¯Ù”Ý…ÖÅØ”å«æ�èžÖ ç®ózæÅå}Ú…Ö Þ™×6è”þBâVÛzÙbèžÙ<å«Ý…ÙDÜ6å™èžÙbñ�Þ™×

å«×4Ö ×`Ú…Ù”ë™Ý|å}Ú…Ùbñ4è@Ú…Ý…ó6ØYÚ…ózÝ|å«æ ðgîzÖ Ù”õ”Þ•Ù”æ ÙbØYÚ…Ý…ÖÅØYðgÙ”æ ÙbØYÚ…Ý…ÖÅØ �6×zÖ Ú…Ù

Ù”æ Ù”ç¯Ù”×`ÚIç¯Þ–ñ–Ù”æ[ñ–Ùbè…ØGÝ…Ö ÜzÖ ×zëÆÚ…ÛzÙÇñ–ê•×6å«ç¯ÖÅØ]Ü#Ù”Û6åmï•Ö Þ™ózÝºÞ«à

Ú…ÛzÙÇè@Ú…Ý…ó6ØYÚ…ózÝ…Ù®å«×6ñ�Þ«àBÚ…ÛzÙ®Ù”ç®Ü#Ùbñzñ–Ùbñ�îzÖ Ù”õ”Þ•Ù”æ ÙbØYÚ…Ý…ÖÅØ®ñ–ÙGð

ï•ÖÅØGÙbè”þ ägÚ�Ø”å«×	å«æÅèžÞ7Ú|å��™Ù¼Ö ×`Ú…Þßå™Ø”ØGÞ™óz×`Ú�èžÖ ë™×6å«æ<ØGÞ™×6ñ–Ö ð

Ú…Ö Þ™×zÖ ×zë]ØGÖ Ý|ØGózÖ Ú|è”ì`î#Þ}é°Ù”Ýƒå«ç¯îzæ Ö �6Ù”Ý|èOå«×6ñÆå«×•ê®Þ«Ú…ÛzÙ”ÝƒÙ”æ ÙbØYð

Ú…Ý…Þ™×zÖÅØ<ñ–Ù”ï•ÖÅØGÙ<ó6èžÙbñ-Ú…Þ¯Ö ç¯îzæ Ù”ç¯Ù”×`Ú©Ú…ÛzÙ]ØGÞ™×`Ú…Ý…Þ™æ�èžê–è@Ú…Ù”çRþ

âVÛzÙ]èžózÜ–ðgÞ™î–Ú…Ö çÆå«æ�Ý…Ù”ë™ózæÅå}Ú…Þ™ÝVÛ6å™è©Ü#Ù”Ù”×�ñ–ÙbèžÖ ë™×zÙbñ�Ü•ê-ó6è@ð

Ö ×zëKå«×¯ÙGí–ÖÅè@Ú…Ö ×zë6ì«Ö ×–ðgÛzÞ™ó6èžÙ©ñ–Ù”ï™Ù”æ Þ™î#Ùbñ�ì™èžÞ«à½Ú@éVå«Ý…Ù™ì«çÆå«Ö ×zæ ê

å«Ö ç¯Ùbñ-å}Ú©å«Ù”Ý…Þ`èžÙ”Ý…ï™Þ•Ù”æÅå™è@Ú…ÖÅØ©èžê–è@Ú…Ù”çÆè”ì•Ù™þ ë6þ[Ú…ÛzÙ<ñ–ÙbèžÖ ë™×-Þ«à

å™ØYÚ…Ö ï™Ù�ØGÞ™×`Ú…Ý…Þ™æƒà Þ™Ý¯å«Ù”Ý…Þ•Ù”æÅå™è@Ú…ÖÅØ-èžê–è@Ú…Ù”çÆè”þ/Õ•ó6Ø|Û5åÒîzÝ…Þ«ð

ë™Ý|å«ç¶å«æ æ Þ}éºèOÚ…ÞÆñ–ÙbèžÖ ë™×�Ý…Þ™Üzó6è@ÚºèžózÜ–ðgÞ™î–Ú…Ö çÆå«æ�Ý…Ù”ë™ózæÅå}Ú…Þ™Ý|è

Ú…Û6å}Ú<çÆå}Ú|Ø|Û ï}å«Ý…Ö Þ™ó6èDî#Ù”Ýžà Þ™Ý…çÆå«×6ØGÙ¯å«×6ñ è@Ú|å«ÜzÖ æ Ö Ú@êÒØGÝ…Ö Ú…ÙGð

Ý…ÖÅåzþ$ägÚ�ÖÅè-Ü6å™èžÙbñßÞ™× å>ç®ózæ Ú…Ö ðgç¯Þ–ñ–Ù”æTìºç®ózæ Ú…Ö ðgÞ™Ü

�

ÙbØYÚ…Ö ï™Ù

å«îzîzÝ…Þ`å™Ø|ÛßÚ…Û6å}ÚRç¯Ö ×zÖ ç¯Ö õ”Ùbè��`ó6å™ñ–Ý|å}Ú…ÖÅØ¼ØGÞ`è@Ú�à óz×6ØYÚ…Ö Þ™×6è”ì

Ö ×7Ú…Ö ç¯ÙRå«×6ñ>à Ý…Ù��`ózÙ”×6ØGê>ñ–Þ™çÆå«Ö ×6è�ú 1mügþ>âVÛzÙ”Ý…ÙGà Þ™Ý…Ù™ì[Ú…ÛzÙ

ñ–ÙbèžÖ ë™×zÙ”ÝKØ”å«× Þ™Ü–Ú|å«Ö ×:å�î6å«ÝžÚ…ÖÅØGózæÅå«ÝIÚ…Ö ç¯Ù¯Ý…Ùbèžî#Þ™×6èžÙ¯î#Ù”Ýžð

à Þ™Ý…çÆå«×6ØGÙ<Þ«àxÚ…ÛzÙ®ØGæ Þ`èžÙbñ•ðgæ Þ•Þ™îRèžê–è@Ú…Ù”ç�å«×6ñRå}Ú©Ú…ÛzÙ®è…å«ç¯Ù

Ú…Ö ç¯Ù�Ø”å«×>å™Ø|ÛzÖ Ù”ï™Ù¯åRï™Ù”Ý…ê¼å™Ø”ØGózÝ|å}Ú…ÙÇà Ý…Ù��`ózÙ”×6ØGê`ð‚ñ–Þ™çÆå«Ö ×

æ Þ•Þ™î–ð‚èžÛ6å«îzÖ ×zë6þ

âVÛzÙ�ç¯Þ`è@Ú�Ö ç¯î#Þ™ÝžÚ|å«×`Ú-å™ñ–ï}å«×`Ú|å«ë™ÙRÞ«àIÚ…ÛzÙ¼èžózÜ–ðgÞ™î–Ú…Ö çÆå«æ

å«îzîzÝ…Þ`å™Ø|Û4ÖÅè¼Ú…Û6å}Ú>Ö Ú7å«æ æ Þ}éºèÒÚ…Þ$å™è…èžÖ ë™×�å«×'å«Ý…ÜzÖ Ú…Ý|å«Ý…ê

è@Ú…Ý…ó6ØYÚ…ózÝ…Ù Ú…ÞMÚ…ÛzÙ>Ý…Ù”ë™ózæÅå}Ú…Þ™Ýbì<Ý|å«×zë™Ö ×zë/à Ý…Þ™ç åMèžÖ ç¯îzæ Ù

ñ–Ö Ý…ÙbØYÚÇà Ù”Ùbñ–Ü6å™Ø��>Þ«àºÚ…ÛzÙRç¯Ùbå™èžózÝ…Ù”ç¯Ù”×`Ú|è]Ú…Þ>å ñ–ê•×6å«ç¯ÖÅØ

ØGÞ™ç¯î#Ù”×6è…å}Ú…Þ™Ýbþ]ä‚× Ú…ÛzÖÅèKå«îzîzæ ÖÅØ”å}Ú…Ö Þ™×3ì3åRñ–Ö Ý…ÙbØYÚ<à Ù”Ùbñ–Ü6å™Ø��

è…Ø|ÛzÙ”ç¯ÙÒÛ6å™è-Ü#Ù”Ù”×	å™ñ–Þ™î–Ú…Ùbñ�ìDå«×6ñ å«× Þ™î–Ú…Ö ç¯Ö õbå}Ú…Ö Þ™× Þ«à

Þ™×zæ ê/Ú…ÛzÙ�Ú…Ö ç¯Ù ñ–Þ™çÆå«Ö × ØGÞ`è@Ú�à óz×6ØYÚ…Ö Þ™× Û6å™è�Ü#Ù”Ù”× î#Ù”Ýžð

à Þ™Ý…ç¯Ùbñ�ìÆÚ…Þ�Þ™Ü–Ú|å«Ö ×¶å4è��`ó6å«Ý…ÙMî#Þ`èžÖ Ú…Ö ï™Ù èžÙ”ç¯Ö ð‚ñ–Ù �6×zÖ Ú…Ù

à Ù”Ùbñ–Ü6å™Ø���çÆå}Ú…Ý…Ö í�þ��zÞ™ÝVà ózÝžÚ…ÛzÙ”Ýºñ–ÙGÚ|å«Ö æÅèºèžÙ”ÙÆú �«ügþ
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âxå«Üzæ ÙÒä�èžÛzÞ}éºè�ØGÞ™×`Ú…Ý…Þ™æºÝ…Ùbèžózæ Ú|è�Ö ×MîzÝ…ÙbèžÙ”×6ØGÙÒÞ«à]èžÖ ×zë™æ Ù

Û6å«Ý…ç¯Þ™×zÖÅØ¼ÙGízØGÖ Ú|å}Ú…Ö Þ™×$ØGÞ™×6ñ–Ö Ú…Ö Þ™×6è�å}ÚÒèžÙ”ï™Ù”Ý|å«æDà Ý…Ù��`ózÙ”×–ð

ØGÖ ÙbèÇå«×6ñ7Ö ×/îzÝ…ÙbèžÙ”×6ØGÙ�Þ«àIåÒç®ózæ Ú…Ö ðTÚ…Þ™×zÙ�ÙGízØGÖ Ú|å}Ú…Ö Þ™×/èžÖ ë«ð

×6å«æTþ-âVÛzÙÆÝ…Ùbñ–ó6ØYÚ…Ö Þ™×:Ý|å}Ú…Ö Þ`è<Þ«à°Ú…ÛzÙ-èžÖ ë™×6å«æÅè<Þ«à°Ú…ÛzÙ�èžÙ”×–ð

èžÞ™Ý|è]å«Ý…ÙÆÝ…Ù”î#Þ™ÝžÚ…Ùbñ�þ�ägÚÇÖÅè®å«îzî6å«Ý…Ù”×`ÚKÚ…Û6å}Ú]Ú…ÛzÙ �6Ý|è@Ú]Ú@é°Þ

ç¯Þ–ñ–ÙbèOå«Ý…Ù©ØGÞ™×6èžÖÅñ–Ù”Ý|å«Üzæ ê®å}ÚžÚ…Ù”×•ó6å}Ú…ÙbñÇÜ•ê]Ú…ÛzÙDØGÞ™×`Ú…Ý…Þ™æ æ Ù”Ýbì

é©ÛzÙ”Ý…Ùbå™èŸÚ…ÛzÙVÚ…ÛzÖ Ý|ñ®ç¯Þ–ñ–Ù©ÖÅè[×zÙbå«Ý…æ êKóz×6å7"dÙbØYÚ…Ùbñ�ì™Ü#ÙbØ”å«ó6èžÙ

Ö ÚRÖÅè-Þ™×zæ êßî6å«ÝžÚ…ÖÅå«æ æ êßØGÞ™×`Ú…Ý…Þ™æ æÅå«Üzæ Ù�Ü•ê5Ú…ÛzÙ:ØGózÝ…Ý…Ù”×`Ú-ÙGí•ð

î#Ù”Ý…Ö ç¯Ù”×`ÚºèžÙGÚ…ózî�Þ«à3Ú…ÛzÙ<æ Þ–Ø”å}Ú…Ö Þ™×6è°Þ«à[èžÙ”×6èžÖ ×zë�
}å™ØYÚ…ó6å}Ú…Ö ×zë

îzÖ Ù”õ”Þ`èOø �xÖ ë6þ 1™ùYþ[Õ•ó6Ø|ÛKÝ…Ùbèžózæ Ú|è3å«Ý…ÙBÞ™Ü–Ú|å«Ö ×zÙbñIó6èžÖ ×zëºåºè…å«çÇð

îzæ Ö ×zë¯à Ý…Ù��`ózÙ”×6ØGê�Þ«à°ûmýT$ "ºõ™þ

CONTROL SOFTWARE

A/D boardD/A board

MECHANICAL

SHAKER

FILTERS
ANTI-ALIASING POWER

AMPLIFIERS

�xÖ ë™ózÝ…Ù 1���.Bí–î#Ù”Ý…Ö ç¯Ù”×`Ú|å«æ�èžÙGÚ…ózî

å}ÚžÚ…Ù”×•ó6å}Ú…Ö Þ™×:ú ñ �ƒü

à Ý…Ù��`ózÙ”×6ØGê å™Ø”Ø«þ �Dî3û �Dî#ý �Dî

�

��


Ûzõ ð|û21–þ û21 ð|û21–þ 1�3 ð|û6�6þ ý�3 ð|û21–þ

�

û6�•ý®Ûzõ ð|û

�

þ 3
� ð

�

þ 1 ð




þ

�

ð|ûmý–þ

�

û

ý™ý�4]Ûzõ ð




þ 1&� ð 1–þ 4 ð�4•þ

�

3 ð@ý–þ 6>4

ç®ózæ Ú…Ö à Ý…Ù�� ð�4•þ � 1 ð�3zþ 3 3 ð 1–þ 4 ð 1–þ

�

âxå«Üzæ Ù<ä��6ã°ÚžÚ…Ù”×•ó6å}Ú…Ö Þ™×-àlå™ØYÚ…Þ™Ý|èVé©Ö Ú…Û�èžózÜ#Þ™î–Ú…Ö çÆå«æ

ØGÞ™×`Ú…Ý…Þ™æ

�

� ÏÇÔI3 � Î��ºÐÒÑRÓ°ÍBÔGÏÇÌ Ô”Ì & ÐÒÑRÓ°Í

âVÛzÙºå™ØYÚ…Ö ï™Ù©ØGÞ™×`Ú…Ý…Þ™æ–Þ«à�èžÞ™óz×6ñ�ú 3}ü6Ö ×•ï™Þ™æ ï™ÙbèŸÚ…ÛzÙ©Ö ×`Ú…Ý…Þ–ñ–ó6ØYð

Ú…Ö Þ™×�Þ«à3åK×•ózç®Ü#Ù”ÝƒÞ«àŸØGÞ™×`Ú…Ý…Þ™æ6èžÞ™ózÝ|ØGÙbè”ì`Ø”å«æ æ ÙbñÆèžÙbØGÞ™×6ñzå«Ý…ê



Ö ×�æ Ö Ú…Ù”Ý|å}Ú…ózÝ…Ù™ì•ñ–Ý…Ö ï™Ù”×ÆÖ ×-èžó6Ø|Û-åKéVåmê®Ú…Û6å}ÚƒÚ…ÛzÙ �6Ù”æÅñÆë™Ù”×–ð

Ù”Ý|å}Ú…Ùbñ®Ü•ê®Ú…ÛzÙ”ç'Ö ×`Ú…Ù”Ýžà Ù”Ý…ÙbèBñ–Ùbè@Ú…Ý…ó6ØYÚ…Ö ï™Ù”æ ê®é©Ö Ú…Û¯Ú…ÛzÙ!�6Ù”æÅñ

Ø”å«ó6èžÙbñ�Ü•ê�Ú…ÛzÙK×zÞ™ÖÅèžÙKèžÞ™ózÝ|ØGÙbè”ì–Ø”å«æ æ Ùbñ-îzÝ…Ö çÆå«Ý…ê™þ

ä‚×:Ú…ÛzÖÅè®å«îzîzæ ÖÅØ”å}Ú…Ö Þ™×>å«×>ãDØYÚ…Ö ï™Ù

�

Þ™ÖÅèžÙ��ƒÞ™×`Ú…Ý…Þ™æºølã

�

�Vù

èžê–è@Ú…Ù”ç�Û6å™èƒÜ#Ù”Ù”×�ñ–Ù”ï™Ù”æ Þ™î#ÙbñÆÚ…Þ®Ý…Ùbñ–ó6ØGÙDÚ…ÛzÙ<èžÞ™óz×6ñ/�6Ù”æÅñ

Ö ×6èžÖÅñ–ÙÇå�îzæ ÙGí–Ö ë™æÅå™èIñ–ó6ØYÚbìŸýÆç�æ Þ™×zë ø �xÖ ë6þ 3`ùYþ<âVÛzÙÇîzÝ…Ö ð

çÆå«Ý…ê<èžÞ™ózÝ|ØGÙOÖÅèxØGÞ™×6è@Ú…Ö Ú…ó–Ú…ÙbñKÜ•êKåºæ Þ™ó6ñzèžî#Ùbå��™Ù”Ý3ç¯Þ™óz×`Ú…Ùbñ

å}Ú©Þ™×zÙKÙ”×6ñ�Þ«àŸÚ…ÛzÙ]îzÖ î#Ù]å«×6ñRñ–Ý…Ö ï™Ù”×�Ü•ê-åÆèžÖ ë™×6å«æ�ë™Ù”×zÙ”Ýžð

å}Ú…Þ™Ýºé©Ö Ú…Û¼åÆîzózÝ…Ù®èžÖ ×zÙ®èžÖ ë™×6å«æTì6é©ÛzÞ`èžÙ<à Ý…Ù��`ózÙ”×6ØGê�ï}å«Ý…Ö Ùbè

Þ}ï™Ù”ÝVÚ…ÛzÙ]Ý|å«×zë™Ù¯ûQ686}ð���686 "ºõ™þ©âVÛzÙ®èžÙbØGÞ™×6ñzå«Ý…ê-èžÞ™ózÝ|ØGÙ<ÖÅè

å«×zÞ«Ú…ÛzÙ”Ýºæ Þ™ó6ñzèžî#Ùbå��™Ù”Ýbì6î#Ù”Ý…î#Ù”×6ñ–ÖÅØGózæÅå«ÝºÚ…Þ�Ú…ÛzÙÇñ–ó6ØYÚKå«×6ñ

îzæÅå™ØGÙbñ�å}ÚVÚ…ÛzÙKç¯ÖÅñzñ–æ ÙKÞ«àxÚ…ÛzÙ<Ú…ózÜ#ÙKæ Ù”×zë«Ú…Û3þ

�xÖ ë™ózÝ…Ù 3�� .Bí–î#Ù”Ý…Ö ç¯Ù”×`Ú|å«æ3èžÙGÚ…ózî
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�)èžê–è@Ú…Ù”ç�Ö ç¯îzæ Ù”ç¯Ù”×`Ú…Ùbñ ÛzÙ”Ý…ÙÒÖÅè�å/èžÞ/Ø”å«æ æ Ùbñ

� � �Ÿ÷¼Õ à Ù”Ùbñ•à Þ™Ý…éVå«Ý|ñ:å™ñzå«î–Ú…Ö ï™Ù�ØGÞ™×`Ú…Ý…Þ™æTþ�ä‚×:Ú…ÛzÖÅèÇØGÞ™×–ð

�6ë™ózÝ|å}Ú…Ö Þ™×¼ø �xÖ ë6þL4«ùYì`Ú…ÛzÙ<Ý…ÙGà Ù”Ý…Ù”×6ØGÙ<èžÖ ë™×6å«æ�ØGÞ™ç¯Ö ×zë®à Ý…Þ™ç

åKç¯ÖÅØGÝ…Þ™îzÛzÞ™×zÙºîzæÅå™ØGÙbñ�ØGæ Þ`èžÙºÚ…Þ]Ú…ÛzÙD×zÞ™ÖÅèžÙIèžÞ™ózÝ|ØGÙ©ÖÅèƒîzÝ…Þ«ð

ØGÙbè…èžÙbñ®Ü•êÇåKñ–Ö ë™Ö Ú|å«æzå™ñzå«î–Ú…Ö ï™Ù.�xÖ ×zÖ Ú…Ù©ä‚ç¯îzózæÅèžÙDá©Ùbèžî#Þ™×6èžÙ

ø �xä@áDù��6æ Ú…Ù”Ý°Ú…Þ®ë™Ù”×zÙ”Ý|å}Ú…ÙºÚ…ÛzÙ<ØGÞ™×`Ú…Ý…Þ™æ#èžÖ ë™×6å«æ6Ú…Û6å}ÚVÖÅèVå«î–ð

îzæ Ö Ùbñ-Ú…ÞÇÚ…ÛzÙ]èžÙbØGÞ™×6ñzå«Ý…ê�èžÞ™ózÝ|ØGÙ™þOãº×zÞ«Ú…ÛzÙ”Ý©ç¯ÖÅØGÝ…Þ™îzÛzÞ™×zÙ™ì

îzæÅå™ØGÙbñ<é©ÛzÙ”Ý…ÙƒÖ Ú|èxñ–ÙbèžÖ Ý…Ùbñ<Ú…Þ �™ØGÝ…Ùbå}Ú…ÙƒèžÖ æ Ù”×6ØGÙ��zìmç¯Ùbå™èžózÝ…Ùbè

Ú…ÛzÙ:Ý…ÙbèžÖÅñ–ó6å«æ<×zÞ™ÖÅèžÙ:å«×6ñ ÖÅèRó6èžÙbñ Ú…Þßå™ñ

�

ó6è@ÚRÚ…ÛzÙ7ØGÞ•ÙGà½ð

�#ØGÖ Ù”×`Ú|èÇÞ«àDÚ…ÛzÙ�å™ñzå«î–Ú…Ö ï™Ù��6æ Ú…Ù”Ýbì°Ü•ê>ç¯Ùbå«×6è¯Þ«àIå �3Ùbå™è@Ú

÷�Ùbå«×6èºÕ��`ó6å«Ý…Ù¯ø �Ÿ÷¼Õzù©å«æ ë™Þ™Ý…Ö Ú…ÛzçRþ
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Filter Filter

Amplifier

Actuator

Control
System

Reference Microphone Error Microphone

Primary Source of noise

�xÖ ë™ózÝ…Ù+4��	�ƒÞ™×`Ú…Ý…Þ™æ�å«Ý|Ø|ÛzÖ Ú…ÙbØYÚ…ózÝ…Ù

âVÛzÙÆàlå™ØYÚ®Ú…Û6å}Ú]Ú…ÛzÙ-Ù”æ ÙbØYÚ…Ý…ÖÅØ”å«æOÝ…ÙGà Ù”Ý…Ù”×6ØGÙ�å«×6ñ Ú…ÛzÙ-Ù”Ý…Ý…Þ™Ý

èžÖ ë™×6å«æÅèBå«Ý…ÙVÞ™Ü–Ú|å«Ö ×zÙbñ®à Ý…Þ™ç�Ú…ÛzÙDå™ØGÞ™ó6è@Ú…ÖÅØ°îzÝ…Ùbè…èžózÝ…ÙVó6èžÖ ×zë

å-ç¯ÖÅØGÝ…Þ™îzÛzÞ™×zÙ¯å«×6ñ�Ú…ÛzÙÆØ”å«×6ØGÙ”æ æ Ö ×zëRèžÞ™óz×6ñÒÖÅèIîzÝ…Þ–ñ–ó6ØGÙbñ

Ü•ê:Ú…ÛzÙ�Ù”æ ÙbØYÚ…Ý…ÖÅØ”å«æ°Þ™ó–Ú…îzó–Ú�èžÖ ë™×6å«æ°ó6èžÖ ×zë:åÒæ Þ™ó6ñzèžî#Ùbå��™Ù”Ý

Ö ×`Ú…Ý…Þ–ñ–ó6ØGÙ®åÆñ–Ù”æÅåmê�Ö ×RÚ…ÛzÙÇèžê–è@Ú…Ù”çRþ©âŸÞ-ØGÞ™ç¯î#Ù”×6è…å}Ú…Ù<à Þ™Ý

Ú…ÛzÖÅè �™èžÙbØGÞ™×6ñzå«Ý…ê`ðgî6å}Ú…Û �/Ú…Ý|å«×6è@à Ù”Ý�à óz×6ØYÚ…Ö Þ™×(ø Ö ×6ñ–ÖÅØ”å}Ú…Ùbñ

é©Ö Ú…Û¯Õ�ø õmù‚Ö ×]Ú…ÛzÙVè…Ø|ÛzÙ”ç¯ÙOÝ…Ù”î#Þ™ÝžÚ…ÙbñKÖ × �xÖ ë6þ
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ùYì}åºî#Þ`è…èžÖ Üzæ Ù

èžÞ™æ ó–Ú…Ö Þ™× ÖÅè<Ú…Þ�Ùbè@Ú…Ö çÆå}Ú…Ù¯Ö Ú�ø ÖTþ Ù™þ¯Ú…ÛzÙ¯Ú…Ý|å«×6è@à Ù”Ý<à óz×6ØYÚ…Ö Þ™×

Ü#ÙGÚ@é°Ù”Ù”×/Ú…ÛzÙ�ØGÞ™×`Ú…Ý…Þ™æ°æ Þ™ó6ñzèžî#Ùbå��™Ù”Ý¯å«×6ñ7Ú…ÛzÙRÙ”Ý…Ý…Þ™ÝÇç¯Ö ð

ØGÝ…Þ™îzÛzÞ™×zÙmù®é©Ö Ú…Û å«×ßÞ "#ðgæ Ö ×zÙÒÖÅñ–Ù”×`Ú…Ö �#Ø”å}Ú…Ö Þ™×5Ú…ÙbØ|Ûz×zÖ �`ózÙ™ì

ó6èžÖ ×zë�å��xä@á �6æ Ú…Ù”Ý<å«×6ñRÚ…Þ-îzæÅå™ØGÙÇèžó6Ø|Û¼å«×ÒÙbè@Ú…Ö çÆå}Ú…ÙÇå}à½ð

Ú…Ù”Ý®Ú…ÛzÙ�Ý…ÙGà Ù”Ý…Ù”×6ØGÙ-èžÖ ë™×6å«æTþ ä‚×/èžó6Ø|Û/åÒéVåmê>åÒèžÞ Ø”å«æ æ Ùbñ

�6æ Ú…Ù”Ý…Ùbñ•ð � �Ÿ÷¼Õ>ø � � �Ÿ÷¼Õzùºå«æ ë™Þ™Ý…Ö Ú…Ûzç(ÖÅèºÝ…Ùbå«æ Ö õ”Ùbñ�þ!�zÞ™Ý

ç¯Þ™Ý…ÙKñ–ÙGÚ|å«Ö æÅè©èžÙ”ÙÆú 3}ügþ
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ADAPTIVE CONTROL

W(Z) S(Z)

SECONDARY PATH

REFERENCE SIGNAL DISTURBANCE SIGNAL

SIGNAL
ERROR

SIGNAL
CONTROL

PRIMARY PATH
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�xÖ ë™ózÝ…Ù

�

���zÙ”Ùbñ•à Þ™Ý…éVå«Ý|ñ-è…Ø|ÛzÙ”ç¯Ù
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âxå«Üzæ ÙDäžäƒèžÛzÞ}éºèBÚ…ÛzÙ<å}ÚžÚ…Ù”×•ó6å}Ú…Ö Þ™×Æàlå™ØYÚ…Þ™Ý|èƒÖ ×�ñ–ÙbØGÖ Ü#Ù”æ#Þ™Ü–ð

Ú|å«Ö ×zÙbñ é©Ö Ú…Û Ú…ÛzÙ�� � �Ÿ÷¼ÕÒà Ù”ÙGà Þ™Ý…éVå«Ý|ñ¼ØGÞ™×`Ú…Ý…Þ™æOèžê–è@Ú…Ù”çRþ

âVÛzÙ©ë™Ý…Ùbå}ÚOå}ÚžÚ…Ù”×•ó6å}Ú…Ö Þ™×¯ÖÅèOñ–ózÙºÙ”Ö Ú…ÛzÙ”ÝBÚ…Þ<Ú…ÛzÙVà Ù”ÙGà Þ™Ý…éVå«Ý|ñ

è…Ø|ÛzÙ”ç¯ÙOé©ÛzÖÅØ|ÛKó6èžÙbè�Ú…ÛzÙOÖ ×–à Þ™Ý…çÆå}Ú…Ö Þ™×KÞ«à•Ú…ÛzÙƒñ–ÖÅè@Ú…ózÝ…Ü6å«×6ØGÙ

èžÖ ë™×6å«æVÚ…Þ>Ù”×zÛ6å«×6ØGÙÒØGæ Þ`èžÙbñ•ðgæ Þ•Þ™î5î#Ù”Ýžà Þ™Ý…çÆå«×6ØGÙbèÆå«×6ñ/Ú…Þ

Ú…ÛzÙÇèžÖ ç¯îzæ ÖÅØGÖ Ú@ê�Þ«à[Ú…ÛzÙ]îzæÅå«×`ÚbþºâVÛzÙ®è…å«ç¯îzæ Ö ×zë¯à Ý…Ù��`ózÙ”×6ØGê

à Þ™Ý<Ú…ÛzÖÅèKÙGí–î#Ù”Ý…Ö ç¯Ù”×`Ú]ÖÅè




$ "ºõ™ìŸÜ#ÙbØ”å«ó6èžÙ¯Þ«à°Ú…ÛzÙÆÛzÙbåmï•ê

ØGÞ™ç¯îzó–Ú|å}Ú…Ö Þ™×6å«æ�æ Þ`å™ñ-Þ«àŸÚ…ÛzÙ]å«æ ë™Þ™Ý…Ö Ú…ÛzçRþ
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âxå«Üzæ ÙKäžä��6ã°ÚžÚ…Ù”×•ó6å}Ú…Ö Þ™×-àlå™ØYÚ…Þ™Ý|èVé©Ö Ú…Û�à Ù”Ùbñ•à Þ™Ý…éVå«Ý|ñ
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âVÛzÙ”Ý…ç¯Þ«ð‚å™ØGÞ™ó6è@Ú…ÖÅØ Ö ×6è@Ú|å«ÜzÖ æ Ö Ú@ê�ÖÅè�å�é°Ù”æ æ ð �•×zÞ}é îzÛzÙGð

×zÞ™ç¯Ù”×zÞ™×-Ú…Û6å}ÚDØ”å«×�Þ–Ø”ØGózÝ©é©ÛzÙ”×�å®ò#å«ç¯Ù™ì–Þ™Ýºå«×•ê�Þ«Ú…ÛzÙ”Ý

ÛzÙbå}ÚOèžÞ™ózÝ|ØGÙ™ì}ÖÅè[æ Þ–Ø”å}Ú…Ùbñ®Ö ×6èžÖÅñ–Ù©å<Ø|Û6å«ç®Ü#Ù”ÝbþxâVÛzÙºØGÞ™×`Ú…Ý…Þ™æ

Þ«àOÚ…ÛzÖÅèKîzÛzÙ”×zÞ™ç¯Ù”×zÞ™×¼ÖÅèKå«×¼Ö ç¯î#Þ™ÝžÚ|å«×`Ú<Ú|å™è���Ö ×>å�ØGÞ™çÇð

Üzó6è@Ú…Ö Þ™×�èžê–è@Ú…Ù”çÆè”ì`Ü#ÙbØ”å«ó6èžÙDÞ«à�Ú…ÛzÙIñ–Ù”æ ÙGÚ…Ù”Ý…Ö Þ™ó6èOÙI"dÙbØYÚ|èƒÖ ×

Ú…Ù”Ý…ç�Þ«àdî#Ù”Ýžà Þ™Ý…çÆå«×6ØGÙ™ì«Ù”×•ï•Ö Ý…Þ™×zç¯Ù”×`Ú|å«æ•î#Þ™æ æ ó–Ú…Ö Þ™×Æñ–ózÙVÚ…Þ

Ú…ÛzÙƒÜ6å™ñ]ØGÞ™ç®Üzó6è@Ú…Ö Þ™×KîzÝ…Þ–ØGÙbè…èŸå«×6ñ<Ú…ÛzÙ°Ý…ÖÅè��IÞ«à6è@Ú…Ý…ó6ØYÚ…ózÝ|å«æ

ñzå«çÆå«ë™ÙbèƒÚ…Û6å}ÚDèžó6Ø|Û�Ö ×6è@Ú|å«ÜzÖ æ Ö Ú…Ö ÙbèºØGÞ™ózæÅñ-îzÝ…Þ–ñ–ó6ØGÙ™þ

âVÛzÙVÜ#Ù”×6Ø|ÛzçÆå«Ý��]îzÝ…Þ™Üzæ Ù”ç�Þ«à6Ú…ÛzÙ”Ý…ç¯Þ«ð‚å™ØGÞ™ó6è@Ú…ÖÅØƒÖ ×6è@Ú|å«ÜzÖ æ ð

Ö Ú…Ö ÙbèBÖÅè[Ú…ÛzÙDá©Ö
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�™ÙºâŸózÜ#Ù®ú 4bügþ[ägÚOÖÅèOèžÖ ç¯îzæ ê¯å<æ Þ™×zëKï™Ù”ÝžÚ…ÖÅØ”å«æ

Ú…ózÜ#ÙVØGÞ™×`Ú|å«Ö ×zÖ ×zëIåIØGÞ™ç¯î6å™ØYÚxÛzÙbå}ÚBèžÞ™ózÝ|ØGÙOÚ…Û6å}Ú[îzÝ…Þ–ñ–ó6ØGÙbè

å™ØGÞ™ó6è@Ú…ÖÅØÆÙ”ç¯ÖÅè…èžÖ Þ™×3ìBîzÝ…Þ}ï•ÖÅñ–Ùbñ Ú…Û6å}Ú®Ú…ÛzÙ�ÛzÙbå}Ú¯èžÞ™ózÝ|ØGÙ�ÖÅè

æ Þ–Ø”å}Ú…Ùbñ-Ö ×�Ú…ÛzÙKæ Þ}é°Ù”ÝVÛ6å«æ àxÞ«àxÚ…ÛzÙ<Ú…ózÜ#Ù™þ
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ä‚×¼Ú…ÛzÖÅèKå«îzîzæ ÖÅØ”å}Ú…Ö Þ™× å«×:å™ØYÚ…Ö ï™Ù¯å™ØGÞ™ó6è@Ú…ÖÅØ]à Ù”Ùbñ–Ü6å™Ø��ÒØGÞ™×–ð

Ú…Ý…Þ™æDÛ6å™è�Ü#Ù”Ù”×	ñ–Ù”ï™Ù”æ Þ™î#Ùbñ5Ú…Þ/Ý…Ùbñ–ó6ØGÙ�Ú…ÛzÙ¼×zÞ™ÖÅèžÙ¼Ù”ç¯ÖÅè@ð

èžÖ Þ™×6è-Þ«à¯å5á©Ö

�

�™Ù>âŸózÜ#Ù™þ�âVÛzÙ:îzÝ…Ö çÆå«Ý…êM×zÞ™ÖÅèžÙ:èžÞ™ózÝ|ØGÙ

îzÝ…Þ–ñ–ó6ØGÙbè<å«× å™ØGÞ™ó6è@Ú…ÖÅØ]ò6ó6ØYÚ…ó6å}Ú…Ö Þ™×¼Þ«àƒÚ…ÛzÙ¯îzÝ…Ùbè…èžózÝ…Ù®Ö ×–ð

èžÖÅñ–ÙRÚ…ÛzÙ�Ú…ózÜ#Ù™ìºç¯Ùbå™èžózÝ…Ùbñ/Ü•êßå:îzÝ…Ùbè…èžózÝ…Ù�Ú…Ý|å«×6è…ñ–ó6ØGÙ”Ýbþ

âVÛzÙ�èžÖ ë™×6å«æOØGÞ™ç¯Ö ×zëRà Ý…Þ™ç Ú…ÛzÖÅè]èžÙ”×6èžÞ™ÝKÖÅè]îzÝ…Þ–ØGÙbè…èžÙbñ¼Ü•ê

å7ñ–Ö ë™Ö Ú|å«æIØGÞ™×`Ú…Ý…Þ™æ æ Ù”Ý-å«×6ñßÚ…ÛzÙ”×qØGÞ™×z×zÙbØYÚ…ÙbñßÚ…Þ/å7æ Þ™ó6ñ•ð

èžî#Ùbå��™Ù”Ý-î#Ù”Ý…î#Ù”×6ñ–ÖÅØGózæÅå«Ý�Ú…Þ5Ú…ÛzÙ¼Ú…ózÜ#Ù7å}Ú�Ú…ÛzÙ:îzÝ…Ö çÆå«Ý…ê

èžÞ™ózÝ|ØGÙ]æ Ù”×zë«Ú…Û3þIâVÛzÖÅè<è…Ø|ÛzÙ”ç¯Ù-ø �xÖ ë6þ




ù©îzÝ…Þ}ï•ÖÅñ–ÙbèDå-èžÙbØYð

Þ™×6ñzå«Ý…ê5×zÞ™ÖÅèžÙ èžÞ™ózÝ|ØGÙÒÖ ×6èžÖÅñ–Ù¼Ú…ÛzÙ¼Ú…ózÜ#Ù¼Ú…Û6å}ÚbìIÜ•êMØGÞ™×–ð

Ú…Ý…Þ™æ æ Ö ×zëßÚ…ÛzÙ>ò6Þ}éKì]Ö ×`Ú…Ù”Ýžà Ù”Ý…ÙbèÒñ–Ùbè@Ú…Ý…ó6ØYÚ…Ö ï™Ù”æ êqé©Ö Ú…Û4Ú…ÛzÙ

å™ØGÞ™ó6è@Ú…ÖÅØxò6ó6ØYÚ…ó6å}Ú…Ö Þ™×KÞ«à•îzÝ…Ùbè…èžózÝ…ÙBë™Ù”×zÙ”Ý|å}Ú…ÙbñIÜ•êºÚ…ÛzÙOÛzÙbå}Ú

èžÞ™ózÝ|ØGÙ®ølØGæ Þ`èžÙ”æ êÆé°Þ™Ý��•Ö ×zë]é©Ö Ú…Û-Ú…ÛzÙ<è…å«ç¯ÙIç¯ÙbØ|Û6å«×zÖÅèžç�Þ«à

Ú…ÛzÙ]ñ–ó6ØYÚ�� èºÙGí–î#Ù”Ý…Ö ç¯Ù”×`ÚYùYþ°ä‚×RÚ…ÛzÖÅèDØ”å™èžÙ<Ú…ÛzÙ]Ý…Ù”ë™ózæÅå}Ú…Þ™ÝVÖÅè

åÒèžÖ ç¯îzæ Ù-Ö ×•ï™Ù”ÝžÚ…Ù”ÝÇå«ç¯îzæ Ö �6Ù”ÝbìBé©ÛzÖÅØ|Û7Ö ×>Ú…ÛzÙ”Þ™Ý…ê>èžÛzÞ™ózæÅñ

Û6åmï™Ù©å«×¯Ö ×��6×zÖ Ú…Ùºë`å«Ö ×¯Ö ×ÆÞ™Ý|ñ–Ù”Ý[Ú…ÞKç¯Ö ×zÖ ç¯Ö õ”Ù©Ú…ÛzÙDØGæ Þ`èžÙbñ•ð

æ Þ•Þ™î>Ú…Ý|å«×6è@à Ù”Ý]à óz×6ØYÚ…Ö Þ™×ßå«ç¯îzæ Ö Ú…ó6ñ–Ù™þ>âVÛzÙ-Ö ×•ï™Ù”Ý|èžÖ Þ™×>Þ«à

Ú…ÛzÙIèžÖ ë™×6å«æ#ÖÅè°å™Ø”ØGÞ™ç¯îzæ ÖÅèžÛzÙbñ¯Ú…Þ®Þ™Ü–Ú|å«Ö ×-å]îzÛ6å™èžÙDÞ«àƒû
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ãº×ßÖ ç¯î#Þ™ÝžÚ|å«×`Ú�Ý…Þ™æ ÙRÖ ×5Ú…ÛzÖÅè-å«Ý|Ø|ÛzÖ Ú…ÙbØYÚ…ózÝ…ÙRÖÅè�å«æÅèžÞ>ØGÞ}ï`ð

Ù”Ý…Ùbñ¼Ü•ê�Ú…ÛzÙ�Ù”æ ÙbØYÚ…Ý…Þ«ð‚å™ØGÞ™ó6è@Ú…ÖÅØKÚ…Ý|å«×6è@à Ù”Ý<à óz×6ØYÚ…Ö Þ™×Mø½à Ý…Þ™ç

Ú…ÛzÙ-èžÙbØGÞ™×6ñzå«Ý…ê èžÞ™ózÝ|ØGÙ¯Ú…Þ�Ú…ÛzÙ�èžÙ”×6èžÞ™ÝYùDÚ…Û6å}Úbì[Ü6å™èžÖÅØ”å«æ æ ê™ì

Ý…Ù”îzÝ…ÙbèžÙ”×`ÚOå<Ú…Ö ç¯ÙDñ–Ù”æÅåmê�ø Þ™ÝƒåKîzÛ6å™èžÙºèžÛzÖ à½ÚYùBÜ#ÙGÚ@é°Ù”Ù”×¯Ú…ÛzÙ

îzÝ…Ö çÆå«Ý…ê-å«×6ñ�Ú…ÛzÙ®èžÙbØGÞ™×6ñzå«Ý…ê-èžÞ™ózÝ|ØGÙ™þ°âŸÞ-å™Ø|ÛzÖ Ù”ï™Ù<ë™Þ•Þ–ñ

Ý…Ùbñ–ó6ØYÚ…Ö Þ™×>Ý|å}Ú…Ö Þ�Þ«àVÚ…ÛzÙ-×zÞ™ÖÅèžÙ�Ù”ç¯ÖÅè…èžÖ Þ™×3ìxÚ…ÛzÙ�Ý…Ù”ë™ózæÅå}Ú…Þ™Ý

èžÛzÞ™ózæÅñMØGÞ™×6èžÖÅñ–Ù”Ý�Ú…ÛzÖÅè�ÙI"dÙbØYÚbìDÖTþ Ù™þ�Ü•ê5ó6èžÖ ×zë/å/ñ–Ö ë™Ö Ú|å«æ

îzÛ6å™èžÙ®èžÛzÖ à½Ú…Ù”Ýbþ "ºÞ}é°Ù”ï™Ù”ÝºÖ ×�Ú…ÛzÖÅèºÚ…Ùbè@Ú<Ö ÚIÛ6å™èºÜ#Ù”Ù”×¼ï™Ù”Ý…Ö ð

�6Ùbñ�Ú…Û6å}Ú<Ú…ÛzÙ¯îzÛ6å™èžÙ¯çÆå«Ý…ë™Ö ×ÒéVå™èIÜzÖ ë�Ù”×zÞ™ózë™ÛÒÚ…Þ�ØGÞ™çÇð

î#Ù”×6è…å}Ú…ÙIÚ…ÛzÙ]ñ–Ù”æÅåmê™þ
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âVÛzÙRÙ�D�ØGÖ Ù”×6ØGê7Þ«àDÚ…ÛzÙÒØGÞ™×`Ú…Ý…Þ™æ æ Ù”Ý¯Ø”å«×5Ü#Ù�å«îzîzÝ…ÙbØGÖÅå}Ú…Ùbñ

æ Þ•Þ �•Ö ×zë>å}Ú��xÖ ë6þ�ûQ6zìVñ–ÖÅèžîzæÅåmê•Ö ×zë Ú…ÛzÙÒîzÝ…Ùbè…èžózÝ…Ù�å}ÚÆÚ…ÛzÙ
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