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In Thread mode, the CONTROL register controls whether the processor uses the main 
stack or the process stack, see CONTROL register on page 21. In Handler mode, the 
processor always uses the main stack. The options for processor operations are:

          

2.1.3 Core registers 

Figure 2. Processor core registers

Table 1. Summary of processor mode, execution privilege level, and stack use 
options 

Processor
mode

Used to
execute

Privilege level for
software execution Stack used

Thread Applications Privileged or unprivileged (1)

1. See CONTROL register on page 21.

Main stack or process stack (1)

Handler Exception handlers Always privileged Main stack

Low registers

High registers

Stack pointer

Link register

Program counter

MSv48364V1

R0

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

PSP* MSB* *Banked version 
of SP

Special registers

Program status register

Exception mask registers

CONTROL registerCONTROL

BASEPRI

FAULTMASK

PRIMASK

PSR

PC (R15)

LR (R14)

SP (R13)

General-purpose registers
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YY

6WDFN

• /DVW�,Q�)LUVW�2XW��/,)2��EXIIHU
• $OORFDWHG�PHPRU\
• 6WDFN�SRLQWHU

• 5HWXUQ�DGGUHVV
– FDOO��UHW

• 6DYH�UHVWRUH UHJLVWHUV
– SXVK��SRS

• 3DUDPHWHU�SDVVLQJ
• /RFDO�WHPSRUDU\�YDULDEOHV�LQ�VXEURXWLQHV

zwÆ

,QVWUXFWLRQV
• )XQGDPHQWDO�XQLW�RI�ZRUN
• &RQVWLWXHQWV

– 2SFRGH��RSHUDWLRQ�WR�EH�SHUIRUPHG
– 2SHUDQGV��GDWD�ORFDWLRQV�WR�EH�XVHG�IRU�RSHUDWLRQ
– H�J���$''�5����

• (QFRGHG�DV�D�VHTXHQFH�RI�ELWV�� MXVW�OLNH�GDWD��
– 6RPHWLPHV�KDYH�D�IL[HG�OHQJWK��H�J������RU����ELWV�
– &RQWURO�XQLW�LQWHUSUHWV�LQVWUXFWLRQ

*HQHUDWHV�FRQWURO�VLJQDOV�WR�FDUU\�RXW�RSHUDWLRQ
– $WRPLF��RSHUDWLRQ�LV�HLWKHU�H[HFXWHG�FRPSOHWHO\��RU�QRW
DW�DOO

• ,QVWUXFWLRQ�6HW�$UFKLWHFWXUH��,6$�
– &RPSXWHUĜV LQVWUXFWLRQV��WKHLU�IRUPDWV��WKHLU�EHKDYLRUV
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6WDFN

• /DVW�,Q�)LUVW�2XW��/,)2��EXIIHU
• $OORFDWHG�PHPRU\
• 6WDFN�SRLQWHU

• 5HWXUQ�DGGUHVV
– FDOO��UHW

• 6DYH�UHVWRUH UHJLVWHUV
– SXVK��SRS

• 3DUDPHWHU�SDVVLQJ
• /RFDO�WHPSRUDU\�YDULDEOHV�LQ�VXEURXWLQHV

zwÆ

,QVWUXFWLRQV
• )XQGDPHQWDO�XQLW�RI�ZRUN
• &RQVWLWXHQWV

– 2SFRGH��RSHUDWLRQ�WR�EH�SHUIRUPHG
– 2SHUDQGV��GDWD�ORFDWLRQV�WR�EH�XVHG�IRU�RSHUDWLRQ
– H�J���$''�5����

• (QFRGHG�DV�D�VHTXHQFH�RI�ELWV�� MXVW�OLNH�GDWD��
– 6RPHWLPHV�KDYH�D�IL[HG�OHQJWK��H�J������RU����ELWV�
– &RQWURO�XQLW�LQWHUSUHWV�LQVWUXFWLRQ

*HQHUDWHV�FRQWURO�VLJQDOV�WR�FDUU\�RXW�RSHUDWLRQ
– $WRPLF��RSHUDWLRQ�LV�HLWKHU�H[HFXWHG�FRPSOHWHO\��RU�QRW
DW�DOO

• ,QVWUXFWLRQ�6HW�$UFKLWHFWXUH��,6$�
– &RPSXWHUĜV LQVWUXFWLRQV��WKHLU�IRUPDWV��WKHLU�EHKDYLRUV
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,QVWUXFWLRQ�6HW

• $ULWKPHWLF�LQVWUXFWLRQV�VXFK�DV�DGG DQG�VXEWUDFW
• /RJLF�LQVWUXFWLRQV�VXFK�DV�DQG��RU��[RU��DQG�QRW
• 'DWD�LQVWUXFWLRQV�VXFK�DV�PRYH��LQSXW��RXWSXW�
ORDG��DQG�VWRUH

• &RQWURO�IORZ�LQVWUXFWLRQV�VXFK�DV�JRWR��LI��FDOO�
DQG�UHWXUQ

$95
,QVWUXFWLRQ�
6HW�����

#TKVJOGVKE
��� $KV�� 1VJGTU
��� 6TCPUHGT
��� ,WOR
�� $TCPEJ
�� %CNN
��
$''�5G��5U %6(7�V 029 5G��5U 5-03 .�� &36(�5G��5U 5&$//�.��
$'&�5G��5U %&/5�V 029:�5G���5G��5U���5U ,-03 ,&$//

$',:�5G���5G��.�6%,�$��E (,-03 6%5& 5U��E (,&$//
&%,�$� E ,1�5G��$ -03�.�� 6%56�5U��E &$//�.��

68%�5G��5U %67�5G��E 287�$��5U
68%,�5G��.� %/'�5G��E 6%,& $��E 5(7
6%&�5G��5U 386+�5U 6%,6�$��E 5(7,
6%&,�5G��.� 123 323�5U
6%,:�5G���5G��.� %5($. %5%& V��.�

6/((3 /',�5G��.� %5%6�V��.�
,1&�5G :'5 /'6�5G��.��
'(&�5G

/'�5G��;
$1'�5G��5U /'�5G���;
$1',�5G��.� /'�5G��;�
25�5G��5U
25,�5G��.� /''�5G��<�.�
(25�5G��5U /'�5G���<

/'�5G��<�
&20�5G
1(*�5G /''�5G��=�.�
&3�5G��5U /' 5G���=
&3&�5G��5U /'�5G��=�
&3,�5G��.�
6:$3�5G 676�.����5U

/65�5G 67�;��5U
525�5G 67��;��5U
$65�5G 67�;���5U

08/�5G��5U 67'�<�.���5U
08/6�5G��5U 67��<��5U
08/68�5G��5U 67�<���5U
)08/�5G��5U
)08/6�5G��5U 67'�=�.���5U
)08/68�5G��5U 67 �=��5U

67�=���5U

/30
/30�5G��=
/30�5G��=�
(/30
(/30�5G��=
(/30�5G��=�

630
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$GGUHVVLQJ�0RGHV
• ,PPHGLDWH

– /',�5����
• 'LUHFW

– /'6�5����
– -03��[����

• ,QGLUHFW
– /'�5�����[���� Æ 1RW�VXSSRUWHG�E\�$95

• 5HJLVWHU
– 029�5���5�

• 5HJLVWHU�,QGLUHFW
– /'�5���;

• 'LVSODFHPHQW��,QGH[HG�
– /''�5���<�T

• 3&�UHODWLYH
– 5-03����

&,6&�DQG�5,6&
• &,6&

– (DFK�LQVWUXFWLRQ�FDQ�H[HFXWH VHYHUDO�ORZ�OHYHO�RSHUDWLRQV��PLFURFRGH��
– ,Q�WKH�HDUO\�GD\V�RI�WKH�FRPSXWHU�LQGXVWU\��SURJUDPPLQJ�ZDV�GRQH�LQ�DVVHPEO\

ODQJXDJH�RU�PDFKLQH�FRGH��ZKLFK�HQFRXUDJHG�SRZHUIXO�DQG�HDV\ WR�XVH
LQVWUXFWLRQV�

– $Q�LPSRUWDQW�IRUFH�HQFRXUDJLQJ�FRPSOH[LW\�ZDV�YHU\�OLPLWHG�PDLQ�PHPRULHV�
– &38V�DOVR�KDG�UHODWLYHO\�IHZ�UHJLVWHUV���3HQWLXP����
– H�J���[��������

• 5,6&
– ORDG�VWRUH�DUFKLWHFWXUH
– 2QH�LQVWUXFWLRQ�SHU�F\FOH
– /DUJH�QXPEHU�RI JHQHUDO�SXUSRVH�UHJLVWHUV��$95�����
– /LPLWHG�DQG�VLPSOH�LQVWUXFWLRQ�VHW��(PSKDVLV�RQ�RSWLPL]LQJ�WKH�LQVWUXFWLRQ�SLSHOLQH�
– 5HJLVWHU�WR�UHJLVWHU�RSHUDWLRQV
– )HZ��VLPSOH�DGGUHVVLQJ�PRGHV
– )HZ��VLPSOH�LQVWUXFWLRQ�IRUPDWV
– +DUGZLUHG�GHVLJQ��QR�PLFURFRGH�
– )L[HG�LQVWUXFWLRQ�IRUPDW
– 0RUH FRPSLOH�WLPH�HIIRUW
– H�J���$95��$50��63$5&�6XQ�

• 7KH�WHUPV�5,6&�DQG�&,6&�KDYH�EHFRPH�OHVV�PHDQLQJIXO�ZLWK�WKH
FRQWLQXHG�HYROXWLRQ�RI�ERWK�&,6&�DQG�5,6&�GHVLJQV�DQG�LPSOHPHQWDWLRQV�
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1XPEHUV

• 2QO\�ELQDU\�QXPEHUV������
• 1R�PLQXV�VLJQ

• ,QWHJHU
– )L[HG�SRLQW
– %LWV�����������Æ E\WH�VKRUW�ZRUG�ORQJ�ZRUG
– VLJQHG�XQVLJQHG�Æ QHJDWLYH�QXPEHU"

• )ORDWLQJ�SRLQW��UHDO�

(QGLDQQHVV
• %\WH�RUGHULQJ�LQ�PHPRU\�Æ &38
• 06%�DQG�/6%
• %LJ�HQGLDQ���ELJ�HQG�ILUVW
• /LWWOH�HQGLDQ���OLWWOH�HQG�ILUVW

• %\WH�DGGUHVVDEOH�&38
• )LOH

• H�J���[���3&����OLWWOH�HQGLDQ���3RZHU3&���ELJ�HQGLDQ
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1XPEHUV

• 2QO\�ELQDU\�QXPEHUV������
• 1R�PLQXV�VLJQ

• ,QWHJHU
– )L[HG�SRLQW
– %LWV�����������Æ E\WH�VKRUW�ZRUG�ORQJ�ZRUG
– VLJQHG�XQVLJQHG�Æ QHJDWLYH�QXPEHU"

• )ORDWLQJ�SRLQW��UHDO�

(QGLDQQHVV
• %\WH�RUGHULQJ�LQ�PHPRU\�Æ &38
• 06%�DQG�/6%
• %LJ�HQGLDQ���ELJ�HQG�ILUVW
• /LWWOH�HQGLDQ���OLWWOH�HQG�ILUVW

• %\WH�DGGUHVVDEOH�&38
• )LOH

• H�J���[���3&����OLWWOH�HQGLDQ���3RZHU3&���ELJ�HQGLDQ

Donghan Kim
ARM : Bi-endian
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([DPSOH

XQVLJQHG�VKRUW�SWU�
XQVLJQHG�ORQJ�[�\�
[ �[���������
SWU �XQVLJQHG�VKRUW��	[�
\ SWU�

\"

FKDU�D>�@ ^�[����[����[����[��`�
ORQJ�[�SWU�
SWU �ORQJ��D�
[ SWU�

["

6LJQHG�,QWHJHU
• �ĜV�FRPSOHPHQW

– %LWZLVH�127��%RROHDQ�FRPSOHPHQW�
– ��������������������������
– ������ ���������"
– ���������������������������"

• �ĜV�FRPSOHPHQW
– 1HJDWLQJ����ĜV�FRPSOHPHQW����

• �� ����������
• �ĜV FRPSOHPHQW�JLYHV ���������
• $GG���WR�/6% ����������Æ ��

– $ULWKPHWLF�ZRUNV�HDVLO\�DQG�FRQVLVWHQWO\
• ������� ����������
• ���� �����������ė ���������� ����������

– 7KH�06%�LV�D�VLJQ�ELW�
– ��ELWV�������a����������ELWV���������a�����
– ��ELWV�LQWHJHU�WR����ELWV

• 6LJQHG�H[WHQVLRQ
������Æ �������� ����������Æ �������������������

• 8QVLJQHG�H[WHQVLRQ
�������Æ ��������� ����������Æ �������������������

– �[II������������� ����RU����"

����� ����������
đ

��� ���������
��� ���������
��� ���������
��� ���������
��� ����������
��� ����������
��� ����������
đ

����� ����������
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)ORDWLQJ�3RLQW
• 9HU\�ODUJH�DQG�YHU\�VPDOO�QXPEHUV

– /DUJH�YDOXHV��������[����� �� UHTXLUHV����ELWV
– 6PDOO�YDOXHV��������[������ �� UHTXLUHV�!����ELWV

• 1XPEHUV�ZLWK�IUDFWLRQV
– &RXOG�EH�GRQH�LQ�SXUH�ELQDU\
– ���������� ��� ���������������� �����
– :KHUH�LV�WKH�ELQDU\�SRLQW"

• 8VH�HTXLYDOHQW�RI�ęVFLHQWLILF�QRWDWLRQĚ��)�[��(

• ,(((�����VWDQGDUG ����ELWV��ė VLQJOH�SUHFLVLRQ

• 1 ����V�[���IUDFWLRQ�[���H[SRQHQW����� ���� H[SRQHQW�������
• H�J�������������������������������������

– 6LJQ�LV����QXPEHU�LV�QHJDWLYH
– ([SRQHQW�ILHOG�LV���������� ������GHFLPDO�
– )UDFWLRQ�LV���������������đ� ��[���  �������GHFLPDO�
– 9DOXH� �������[�����������  �������[����� �������

• 'RXEOH�SUHFLVLRQ�����ELWV�
– ���ELW�H[SRQHQW�ILHOG�����ELW�IUDFWLRQ�ILHOG

m�������GO��������SG�����������Pl��������

YZG����_G����X

&KDUDFWHU
• )RU�WH[W
• $�FKDUDFWHU�LV�DOVR�D�QXPEHU�

• $6&,,�FRGH�����E\WH����ELWV���a����
– ě$Ĝ �[��
– ě$Ĝ�� ě%Ĝ

• ଞ̔ �������
– ��E\WHV�FRGH
– ۽ࠬ ��ěɼĜ��[E�D�

• .6&����������������
– ଢ࣏

• .6&���������

• 8QLFRGH
– �a�[��))))
– ��E\WHV�� ̔������
– ଞ̔ ۽ࠬ ����� ࢽؑ
– ଞ̔ ଢ࣏ ��+DQJXO�-DPR
– .6&����

• 6WULQJ
– 6HTXHQFH�RI�FKDUDFWHUV��WHUPLQDWHG�ZLWK�18//����
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)ORDWLQJ�3RLQW
• 9HU\�ODUJH�DQG�YHU\�VPDOO�QXPEHUV

– /DUJH�YDOXHV��������[����� �� UHTXLUHV����ELWV
– 6PDOO�YDOXHV��������[������ �� UHTXLUHV�!����ELWV

• 1XPEHUV�ZLWK�IUDFWLRQV
– &RXOG�EH�GRQH�LQ�SXUH�ELQDU\
– ���������� ��� ���������������� �����
– :KHUH�LV�WKH�ELQDU\�SRLQW"

• 8VH�HTXLYDOHQW�RI�ęVFLHQWLILF�QRWDWLRQĚ��)�[��(

• ,(((�����VWDQGDUG ����ELWV��ė VLQJOH�SUHFLVLRQ

• 1 ����V�[���IUDFWLRQ�[���H[SRQHQW����� ���� H[SRQHQW�������
• H�J�������������������������������������

– 6LJQ�LV����QXPEHU�LV�QHJDWLYH
– ([SRQHQW�ILHOG�LV���������� ������GHFLPDO�
– )UDFWLRQ�LV���������������đ� ��[���  �������GHFLPDO�
– 9DOXH� �������[�����������  �������[����� �������

• 'RXEOH�SUHFLVLRQ�����ELWV�
– ���ELW�H[SRQHQW�ILHOG�����ELW�IUDFWLRQ�ILHOG

m�������GO��������SG�����������Pl��������

YZG����_G����X

&KDUDFWHU
• )RU�WH[W
• $�FKDUDFWHU�LV�DOVR�D�QXPEHU�

• $6&,,�FRGH�����E\WH����ELWV���a����
– ě$Ĝ �[��
– ě$Ĝ�� ě%Ĝ

• ଞ̔ �������
– ��E\WHV�FRGH
– ۽ࠬ ��ěɼĜ��[E�D�

• .6&����������������
– ଢ࣏

• .6&���������

• 8QLFRGH
– �a�[��))))
– ��E\WHV�� ̔������
– ଞ̔ ۽ࠬ ����� ࢽؑ
– ଞ̔ ଢ࣏ ��+DQJXO�-DPR
– .6&����

• 6WULQJ
– 6HTXHQFH�RI�FKDUDFWHUV��WHUPLQDWHG�ZLWK�18//����



G
ZX

([DPSOHV
• $GGLWLRQ�RI����ELWV�QXPEHUV

VKRUW�D�E�F�
F D�E�

OGV U���[���
OGV U���[���
OGV U���[���
OGV U���[���
DGG�U��U�
DGF U��U�
VWV �[����U�
VWV �[����U�

W�XWW
W�XWX
W�XWY

W�XW[
W�XW\

W�XWZ

�

�

�

• 6XP�IURP�D�WR�E
VKRUW�D�E�F�
F ��
IRU��L D� L� E��L����F� L�

OGL U��� ��F �
OGL U���
OGV U���[��� ��L D
OGV U���[���
OGV U���[��� ��E
OGV U���[���
FS�U��U� ��E�D"
FSF U��U�
EUOW M�

M�� DGG�U��U� ��F� L
DGF U��U�
VEF U���[II ��L��
VEFL U���[II
FS�U��U� ��L� E"
FSF U��U�
EUJH M�

M�� VWV �[����U�
VWV �[����U�

%XV
• $OO�WKH�XQLWV�PXVW�EH�FRQQHFWHG
• 'LIIHUHQW�W\SH�RI FRQQHFWLRQ�IRU�GLIIHUHQW�W\SH�RI XQLW

– &38
– 0HPRU\
– ,QSXW�2XWSXW

• 6LQJOH�DQG�PXOWLSOH�%86�VWUXFWXUHV�DUH�PRVW�FRPPRQ
• 8VXDOO\�EURDGFDVW
• &RQWURO�$GGUHVV�'DWD�EXV���3RZHU�*1'�OLQHV
• :KDW�GR�EXVHV�ORRN�OLNH"

– 6HWV�RI�ZLUHV
– 3DUDOOHO�OLQHV�RQ�FLUFXLW�ERDUGV
– 5LEERQ�FDEOHV
– 6WULS�FRQQHFWRUV�RQ�PRWKHU�ERDUGV



G
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&RPSXWHU�0RGXOHV�DQG�%XV

ࢿ˕ �
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%XV
• 'DWD

– &DUULHV�GDWD��LQFOXGLQJ�LQVWUXFWLRQV�
– :LGWK�LV�D�NH\�GHWHUPLQDQW�RI�SHUIRUPDQFH����������������ELWV

• $95�����ELWV

• $GGUHVV
– ,GHQWLI\�WKH�VRXUFH�RU�GHVWLQDWLRQ�RI�GDWD
– &38�QHHGV�WR�UHDG�DQ�LQVWUXFWLRQ��GDWD��IURP�D�JLYHQ�ORFDWLRQ�LQ
PHPRU\�

– :LGWK�GHWHUPLQHV�PD[LPXP�PHPRU\�FDSDFLW\�RI�V\VWHP�
• 3HQWLXP������ELWV���*�DGGUHVV�VSDFH�
$95������ELWV����.�

• &RQWURO
– 0HPRU\�UHDG�ZULWH�VLJQDO

• $95����5'���:5��$/(
– ,QWHUUXSW�UHTXHVW

• $95���,17���
– &ORFN�VLJQDOV

$GGUHVVLQJ��5HDG�

&38

}��d\�

k�����GX
l�����GX

k���

k�����GY
l�����GY

k

h

k���

}��d\�

XWWG�������GÆ XWWG������G�����
XniG����� GÆ eXSWWWSWWWSWWWG������G�����H

ˈh������G��������ˉ aGZYG�������G�����GÆ [nG������G�����
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0HPRU\�,QWHUIDFH�ࠖ

0LFURSURFHVVRU0LFURSURFHVVRU

���[���%LW�
65$0

���[���%LW�
65$0

hW
hX
hY
hZ

hW
hX
hY
hZ

���[���%LW�
65$0

���[���%LW�
65$0

hW
hX
hY
hZ

W�WWTW�Wm

W�XWTW�Xm

jz

h[

h\

kW
kX

kW
kX

vl ~l

kW
kX

yk

~l

jz vl ~l

WX

WW

W�YWTW�ZmGa

%XV�$UELWUDWLRQ
• 0RUH�WKDQ�RQH�PRGXOH�FRQWUROOLQJ�WKH�EXV
• &38���&38��đ��DQG�'0$�FRQWUROOHU
• 2QO\�RQH�PRGXOH�PD\�FRQWURO�EXV�DW�RQH�WLPH
• $UELWUDWLRQ�PD\�EH

– &HQWUDOL]HG
• 6LQJOH�KDUGZDUH�GHYLFH�EXV�FRQWUROOHU��DUELWHU��FRQWUROOLQJ�EXV
DFFHVV

• 0D\�EH�SDUW�RI�&38�RU�VHSDUDWH
– 'LVWULEXWHG

• (DFK�PRGXOH�PD\�FODLP�WKH�EXV
• &RQWURO�ORJLF�RQ�DOO�PRGXOHV

• FI��3&,��3HULSKHUDO�&RPSRQHQW�,QWHUFRQQHFWLRQ�



G
Z]

6\QFKURQRXV�7LPLQJ�'LDJUDP

$V\QFKURQRXV�7LPLQJ�
ė 5HDG 'LDJUDP
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6\QFKURQRXV�7LPLQJ�'LDJUDP

$V\QFKURQRXV�7LPLQJ�
ė 5HDG 'LDJUDP
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0HPRU\

• ,QWHUQDO�RQ�FKLS��DQG�H[WHUQDO
• 520�3520��(3520��)/$6+��DQG�5$0
• '5$0�6'5$0��''5�5$0��DQG�65$0
• &DFKH��0DLQ�PHPRU\��9LUWXDO�PHPRU\

5$0��5DQGRP�$FFHVV�0HPRU\�

• 0LVQDPHG�DV�DOO�VHPLFRQGXFWRU�PHPRU\
LV�UDQGRP�DFFHVV

• 5HDG�:ULWH
• 9RODWLOH
• 7HPSRUDU\�VWRUDJH
• 6WDWLF�RU�G\QDPLF
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0HPRU\

• ,QWHUQDO�RQ�FKLS��DQG�H[WHUQDO
• 520�3520��(3520��)/$6+��DQG�5$0
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• &DFKH��0DLQ�PHPRU\��9LUWXDO�PHPRU\

5$0��5DQGRP�$FFHVV�0HPRU\�
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• 5HDG�:ULWH
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• 6WDWLF�RU�G\QDPLF



G
[X

'5$0�YV�65$0
• %RWK�YRODWLOH

– 3RZHU�QHHGHG�WR�SUHVHUYH GDWD
• '\QDPLF�FHOO

– %LWV�VWRUHG�DV�FKDUJH�LQ�FDSDFLWRUV
– &KDUJHV�OHDN���1HHGV�UHIUHVK
– 6LPSOHU�WR�EXLOG��VPDOOHU��RQH�WUDQVLVWRU���RQH�FDSDFLWRU�
– 0RUH GHQVH
– /HVV�H[SHQVLYH
– /DUJHU�PHPRU\�XQLWV

• 6WDWLF
– )OLS�IORS����WR���WUDQVLVWRUV�
– )DVWHU
– &DFKH

• $FFHVV�WLPH�DQG�FRVW��IRU������
– 65$0�������QV���������SHU�*%
– '5$0������QV������SHU�*%
– 'LVN�����PLOOLRQ�QV�������SHU�*%

6'5$0��6\QFKURQRXV�'5$0�

• $FFHVV�LV�V\QFKURQL]HG�ZLWK�DQ�H[WHUQDO
FORFN

• 6LQFH�6'5$0�PRYHV�GDWD�LQ�WLPH�ZLWK
V\VWHP�FORFN��&38�NQRZV�ZKHQ�GDWD�ZLOO
EH�UHDG\

• $WTUV�OQFG�DOORZV�6'5$0�WR�VHW�XS
VWUHDP�RI�GDWD�DQG�ILUH�LW�RXW�LQ�EORFN

• ''5�6'5$0�VHQGV�GDWD�WZLFH�SHU�FORFN
F\FOH��OHDGLQJ�	�IDOOLQJ�HGJH�
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'5$0�YV�65$0
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• '\QDPLF�FHOO

– %LWV�VWRUHG�DV�FKDUJH�LQ�FDSDFLWRUV
– &KDUJHV�OHDN���1HHGV�UHIUHVK
– 6LPSOHU�WR�EXLOG��VPDOOHU��RQH�WUDQVLVWRU���RQH�FDSDFLWRU�
– 0RUH GHQVH
– /HVV�H[SHQVLYH
– /DUJHU�PHPRU\�XQLWV

• 6WDWLF
– )OLS�IORS����WR���WUDQVLVWRUV�
– )DVWHU
– &DFKH

• $FFHVV�WLPH�DQG�FRVW��IRU������
– 65$0�������QV���������SHU�*%
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• $FFHVV�LV�V\QFKURQL]HG�ZLWK�DQ�H[WHUQDO
FORFN

• 6LQFH�6'5$0�PRYHV�GDWD�LQ�WLPH�ZLWK
V\VWHP�FORFN��&38�NQRZV�ZKHQ�GDWD�ZLOO
EH�UHDG\

• $WTUV�OQFG�DOORZV�6'5$0�WR�VHW�XS
VWUHDP�RI�GDWD�DQG�ILUH�LW�RXW�LQ�EORFN

• ''5�6'5$0�VHQGV�GDWD�WZLFH�SHU�FORFN
F\FOH��OHDGLQJ�	�IDOOLQJ�HGJH�
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6'5$0�5HDG�7LPLQJ

7\SHV�RI�520

• :ULWWHQ�GXULQJ�PDQXIDFWXUH
– 9HU\�H[SHQVLYH�IRU�VPDOO�UXQV

• 3URJUDPPDEOH��RQFH�
– 3520
– 1HHGV�VSHFLDO�HTXLSPHQW�WR�SURJUDP

• 5HDG�ęPRVWO\Ě
– (UDVDEOH�3URJUDPPDEOH��(3520�

• (UDVHG�E\�89
– (OHFWULFDOO\�(UDVDEOH��((3520�

• 7DNHV�PXFK�ORQJHU�WR ZULWH�WKDQ�UHDG
– )ODVK�PHPRU\

• (UDVH�ZKROH�PHPRU\�HOHFWULFDOO\
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6'5$0�5HDG�7LPLQJ

7\SHV�RI�520

• :ULWWHQ�GXULQJ�PDQXIDFWXUH
– 9HU\�H[SHQVLYH�IRU�VPDOO�UXQV

• 3URJUDPPDEOH��RQFH�
– 3520
– 1HHGV�VSHFLDO�HTXLSPHQW�WR�SURJUDP

• 5HDG�ęPRVWO\Ě
– (UDVDEOH�3URJUDPPDEOH��(3520�

• (UDVHG�E\�89
– (OHFWULFDOO\�(UDVDEOH��((3520�

• 7DNHV�PXFK�ORQJHU�WR ZULWH�WKDQ�UHDG
– )ODVK�PHPRU\

• (UDVH�ZKROH�PHPRU\�HOHFWULFDOO\
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0HPRU\�+LHUDUFK\

• 5HJLVWHUV
• /��&DFKH
• /��&DFKH
• 0DLQ�PHPRU\
• 'LVN�FDFKH
• 'LVN
• 2SWLFDO
• 7DSH

• +RZ�PXFK"
– &DSDFLW\

• +RZ�IDVW"
– 7LPH�LV�PRQH\

• +RZ�H[SHQVLYH"

9RQ�1HXPDQQ�%RWWOHQHFN

• 7KH�VHSDUDWLRQ�EHWZHHQ�WKH�&38�DQG�PHPRU\
Æ WKH�OLPLWHG�WKURXJKSXW��GDWD�WUDQVIHU�UDWH�
EHWZHHQ�WKH�&38�DQG�PHPRU\�FRPSDUHG�WR�WKH
DPRXQW�RI�PHPRU\

• ,Q�PRVW�PRGHUQ�FRPSXWHUV��WKURXJKSXW�LV�PXFK
VPDOOHU�WKDQ�WKH�UDWH�DW�ZKLFK�WKH�&38�FDQ�ZRUN�
Æ 7KH�&38�LV�FRQWLQXRXVO\�IRUFHG�WR�ZDLW�IRU
QHHGHG�GDWD�WR�EH�WUDQVIHUUHG�WR�RU�IURP
PHPRU\�

• 7KH�SHUIRUPDQFH�SUREOHP�LV�UHGXFHG�E\�D�ECEJG
EHWZHHQ�WKH�&38�DQG�WKH�PDLQ�PHPRU\�
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&DFKH
• )DVW�&38�Ȯ�6ORZ�PDLQ�PHPRU\
• 6PDOO�DPRXQW�RI�IDVW�PHPRU\
• %HWZHHQ�QRUPDO�PDLQ�PHPRU\�DQG�&38
• ([WHUQDO�RU�LQWHUQDO
• 'DWD�DQG�LQVWUXFWLRQ�FDFKH�Å +DUYDUG�DUFKLWHFWXUH
• &DFKH�PLVV�KLW
• ,QWHO�&RUH�L�

– ���.%�/��LQVWUXFWLRQ�DQG����.%�/��GDWD�FDFKH�SHU�FRUH
– ����.%�/��FDFKH��FRPELQHG�LQVWUXFWLRQ�DQG�GDWD��SHU�FRUH
– ��0%�/���FRPELQHG�LQVWUXFWLRQ�DQG�GDWD��VKDUHG�E\�DOO�FRUHV

9LUWXDO�0HPRU\
• 8VLQJ�GLVN�VSDFH�WR�H[WHQG�SK\VLFDO�PHPRU\�VL]H
• 3DJLQJ���WKH�SURFHVV�RI�VDYLQJ�LQDFWLYH�YLUWXDO�PHPRU\
SDJHV�WR�GLVN�DQG�UHVWRULQJ�WKHP�WR�UHDO�PHPRU\�ZKHQ
UHTXLUHG
– 'HPDQG�SDJLQJ

• 'R�QRW�UHTXLUH�DOO�SDJHV�RI�D�SURFHVV�LQ�PHPRU\
• %ULQJ�LQ�SDJHV�DV�UHTXLUHG

– 3DJH�IDXOW
• 5HTXLUHG�SDJH�LV�QRW�LQ�PHPRU\
• 2SHUDWLQJ�6\VWHP�PXVW�VZDS�LQ�UHTXLUHG�SDJH
• 0D\�QHHG�WR�UYCR RXW�D�SDJH�WR�PDNH�VSDFH
• 6HOHFW�SDJH�WR WKURZ�RXW�EDVHG�RQ�UHFHQW�KLVWRU\

• 3K\VLFDO�9LUWXDO�DGGUHVVHV
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• 3URJUDPPHG�,2

– &38�KDV�GLUHFW�FRQWURO�RYHU�,�2
• 6HQVLQJ�VWDWXV
• 5HDG�ZULWH�FRPPDQGV
• 7UDQVIHUULQJ�GDWD

– &38�ZDLWV�IRU�,�2�PRGXOH�WR�FRPSOHWH�RSHUDWLRQ
– :DVWHV�&38�WLPH

• '0$��GLUHFW�PHPRU\�DFFHVV�
– 0HPRU\�,2�DFFHVVHV�DUH�GRQH�LQGHSHQGHQWO\�RI�&38�
– ,2�WR�,2��,2�WR�PHPRU\��PHPRU\�WR�PHPRU\
– $�'0$�FRQWUROOHU�+:��LV�UHTXLUHG���%XV�DUELWUDWLRQ�
– )DVW�EORFN�WUDQVIHU
– 1R�EXUGHQ�WR &38

$GGUHVVLQJ�,2
• 0HPRU\�PDSSHG�,2

– 0HPRU\�DQG�,�2�VKDUH�WKH�VDPH�DGGUHVV�VSDFH�
�,2�DGGUHVV�VSDFH�LV�SDUW�RI�PHPRU\�DGGUHVV�VSDFH��

– ,2�UHDGV�DQG�ZULWHV�DUH�GRQH�LQ�WKH�VDPH�ZD\�DV�PHPRU\
PRY�D[��>�[���@�����PRY�>�[���@��D[

– 'HFRGLQJ���DGGUHVV�EXV���5�:�PHPRU\�
• ,2�PDSSHG�,2

– ,2�KDV�LWV�RZQ�DGGUHVV�VSDFH���$�&38�KDV�H[WUD�,2�UHDG�ZULWH
SLQV�

– 'HFRGLQJ���DGGUHVV�EXV���5�:�,2�
– $�&38�KDV�,2�LQVWUXFWLRQV��H[��LQ��RXW�

LQ�D[���[������ RXW��[�����D[
– *HQHUDOO\�VORZ
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– &38�KDV�GLUHFW�FRQWURO�RYHU�,�2
• 6HQVLQJ�VWDWXV
• 5HDG�ZULWH�FRPPDQGV
• 7UDQVIHUULQJ�GDWD

– &38�ZDLWV�IRU�,�2�PRGXOH�WR�FRPSOHWH�RSHUDWLRQ
– :DVWHV�&38�WLPH
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– 0HPRU\�,2�DFFHVVHV�DUH�GRQH�LQGHSHQGHQWO\�RI�&38�
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$GGUHVVLQJ�,2
• 0HPRU\�PDSSHG�,2

– 0HPRU\�DQG�,�2�VKDUH�WKH�VDPH�DGGUHVV�VSDFH�
�,2�DGGUHVV�VSDFH�LV�SDUW�RI�PHPRU\�DGGUHVV�VSDFH��

– ,2�UHDGV�DQG�ZULWHV�DUH�GRQH�LQ�WKH�VDPH�ZD\�DV�PHPRU\
PRY�D[��>�[���@�����PRY�>�[���@��D[

– 'HFRGLQJ���DGGUHVV�EXV���5�:�PHPRU\�
• ,2�PDSSHG�,2

– ,2�KDV�LWV�RZQ�DGGUHVV�VSDFH���$�&38�KDV�H[WUD�,2�UHDG�ZULWH
SLQV�

– 'HFRGLQJ���DGGUHVV�EXV���5�:�,2�
– $�&38�KDV�,2�LQVWUXFWLRQV��H[��LQ��RXW�

LQ�D[���[������ RXW��[�����D[
– *HQHUDOO\�VORZ

Donghan Kim

Donghan Kim

Donghan Kim
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,QWHUDFWLQJ�ZLWK�H[WHUQDO�GHYLFHV

• 7KH�SURFHVVRU�FDQQRW�DIIRUG WR�FRQWLQXDOO\�ZDWFK
GHYLFH�WR�GHWHUPLQH�LI�LW�KDV�VRPH�LQIRUPDWLRQ�DQG�LV
UHDG\�WR�UHFHLYH�WUDQVPLW�LQIRUPDWLRQ�

• 3ROOLQJ

• ,QWHUUXSW

3URFHVVRU3URFHVVRU 'HYLFH'HYLFH

3URFHVVRU3URFHVVRU 'HYLFH'HYLFH

y��� f

y������

3ROOLQJ�
�SROOHG�,2��VRIWZDUH�GULYHQ�,2�

• SROO�>SRXO@�YW��£ �ձ��߱Ь�¤ �ָּ�ࢷ� �ձ��ыएЬ�¥ ۴ʠ
ࢉ ߾ָٕ ҟԼଜЬ�¦ ࢂؕ Խࠆ ձی࣏ ଜЬ�

• 5HIHU�WR�DFWLYHO\�VDPSOLQJ�WKH�VWDWXV�RI�DQ�H[WHUQDO�GHYLFH�DV�D
V\QFKURQRXV�DFWLYLW\

• 5HIHUV�WR�WKH�VLWXDWLRQ�ZKHUH�D�GHYLFH�LV�UHSHDWHGO\�FKHFNHG�IRU
UHDGLQHVV�

• 6LPSOH��EXW�LQHIILFLHQW
• 3ROOLQJ�ORRS

:KLOH����
^���LI��GHY�BVWDW  ���VHUYH����
LI��GHY�BVWDW  ���VHUYH����
đ

`

3URFHVVRU3URFHVVRU
'HYLFH��'HYLFH��

y��� f

'HYLFH��'HYLFH��

6WDWXV

6WDWXV
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y��� f
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3ROOLQJ�
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• SROO�>SRXO@�YW��£ �ձ��߱Ь�¤ �ָּ�ࢷ� �ձ��ыएЬ�¥ ۴ʠ
ࢉ ߾ָٕ ҟԼଜЬ�¦ ࢂؕ Խࠆ ձی࣏ ଜЬ�
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• 5HIHUV�WR�WKH�VLWXDWLRQ�ZKHUH�D�GHYLFH�LV�UHSHDWHGO\�FKHFNHG�IRU
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• 3ROOLQJ�ORRS
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,QWHUUXSW
• LQWHUUXSW�>LQWŧU㶱SW@�YW��£ ɼԻւЬࢵ��एଜЬ��؏ ϪЬ���̛ߞࢇ Ҭࡢձ�

ࣸЯੁݤЬ�LQ��GXULQJ���¤ �ˬ Ҭࡢձ��؏ଥଜЬ��८ЯଜЬ��ᇾ৷ଈਫ਼ᇿ ɼԻ
ॹ̛ଜЬ�

• $Q�DV\QFKURQRXV�VLJQDO�IURP�KDUGZDUH LQGLFDWLQJ�WKH�QHHG�IRU�DWWHQWLRQ
• $�ZD\�WR�DYRLG�ZDVWLQJ�WKH�SURFHVVRU
V�YDOXDEOH�WLPH�LQ�SROOLQJ�ORRSV�

ZDLWLQJ�IRU�H[WHUQDO�HYHQWV�
• $�KDUGZDUH�LQWHUUXSW�FDXVHV�WKH�SURFHVVRU�WR�VDYH�LWV�VWDWH�RI�H[HFXWLRQ

YLD�D�FRQWH[W�VZLWFK��DQG�EHJLQ�H[HFXWLRQ�RI�DQ�LQWHUUXSW�KDQGOHU�
• (IILFLHQW��EXW�KDUGZDUH�LV�UHTXLUHG�
• 7KH�SURJUDP�LV�QRW�VHTXHQWLDOO\�H[HFXWHG�

• ,54��LQWHUUXSW�UHTXHVW�
0DVNDEOH LQWHUUXSW�ė ,05
,$&.��LQWHUUXSW�DFNQRZOHJH�

• ,QWHUUXSW�YHFWRU
• ,QWHUUXSW�VHUYLFH�URXWLQH��,65��LQWHUUXSW�KDQGOHU�

3URFHVVRU3URFHVVRU
'HYLFH��'HYLFH��y������

'HYLFH��'HYLFH��

pyxW
pyxX

YHF���MXPS�,QW+DQGOHU�
YHF���MXPS�,QW+DQGOHU�
đ

,QW+DQGOHU���
^ đ
`
,QW+DQGOHU���
^ đ
`

PDLQ��
^ 6HWXS,QWHUUXSW���

đ�
[ \���
] [���
đ�
đ�

`

ྙ pyxW ྚ

ྜ

ྛ

p��������G
}������
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• $Q�DV\QFKURQRXV�VLJQDO�IURP�KDUGZDUH LQGLFDWLQJ�WKH�QHHG�IRU�DWWHQWLRQ
• $�ZD\�WR�DYRLG�ZDVWLQJ�WKH�SURFHVVRU
V�YDOXDEOH�WLPH�LQ�SROOLQJ�ORRSV�
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• ,54��LQWHUUXSW�UHTXHVW�
0DVNDEOH LQWHUUXSW�ė ,05
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'HYLFH��'HYLFH��y������

'HYLFH��'HYLFH��

pyxW
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^ đ
`
,QW+DQGOHU���
^ đ
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,2�3RUWV
• *HQHUDO�'LJLWDO�,2

– %LGLUHFWLRQDO�SDUDOOHO�,2�SRUWV�����ELWV�
• 3257$a3257)����ELWV��3257*����ELWV
• 0D[�����P$ �/('�˱Ѱ ɼМ�
• 2SWLRQDO�SXOO�XS�UHVLVWRUV�IRU�LQSXW��6),25�ELW�����38'�
• ''5[��3257[��3,1[

– ''5[ ��GDWD�GLUHFWLRQ�UHJLVWHU�� LQ����RXW���
– 3257[ ��RXWSXW
– 3,1[ ��LQSXW

• $OWHUQDWH�3RUW�)XQFWLRQV

3XOO�XS�GRZQ�5HVLVWRUV
�� ,QSXW

� ԯ Ϣչʅࡶ +�/�Ի ࠠծʯ ɼଜ̛ࢉ ଥ۰ࡢ

�� 2XWSXW
� 2SHQ�FROOHFWRU ӖЕ 2SHQ�GUDLQ ୣԻࢂ ˁࡉ
� ষԯ զձࢷ ऎоੁݤԮЕ ˁࡉ

�� ট̛ʅࡶ ଜʯࢽ ࠆٕ


