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:!;=<3>�?A@CB9D�EF@CDGBH;=IJI!K.@CK5LM:!:!NPORQTSAU=QVSAW�SAX8Y�ZFY\[^]AX.W�W�_.`ba3ZFWdcfeJg!hjiPk!eJg!hjZFX.lmZon8ZFQT[^SAY^p1]Hq=r8ZFY�s.tuS
qv]AQVwxZFY\WyZFQTS{z�SA`T]Awx[^X.|�[^X.`VQTSAZFW�[^X.|}t~p���[^l=SAW�U�QTSAZFl3[uX�ZjU�U=t^[^`TZFY�[^]HX.WyW�_.`ba�ZFW�|}SAX.]HwxS�l=ZFY�Z�z�ZFW�SAW�h
l=[^|}[^Y�Zjt�t^[ z�QTZFQV[^SHW�ZFX8l�SAtuSA`VY\QV]HX.[^`�`V]Hw1wxSHQV`VS��T�v������X.tu[ �dS�`V]AX}n8SAX.Y\[^]AX.Zjt�l=ZFY�Z�z�ZFW�SAW���aGSAQTS$ZmU=QVSHl�SH�
s.X.SHl�ZFX.l�s��8SAl�W�Y�QT_.`VY\_.QVS�[^W�QTSA�F_8[^QVSHl�h�WTSHw1[uWTY\QV_.`TY�_.QTSAl�l=ZFY�Z�QVSAU=QVSHWTSHX.Y�ZjY�[^]HX.W6ZFt^tu]C��YMaGSyW�Y�QT_.`V�
Y�_8QVS�]Hq�YMaGS�l�ZFY\Z3Y�]Pz	S�r.SC�8[~z�t^S�[^X�Y^aGS�W�SAX.W�S�YMaRZFY�SHt^SAwxSAX8Y�Wy[^X�Y^aGS�W�Y�QT_.`VY\_.QVS�`TZFXJz�S�Z�z�WTSHX.Y�h
`VZjX�`V]HX.Y�ZF[uX�`V]Hw1U=]AW�[^Y\SyZFX.lJwx_.t^Y�[~n8ZFt^_.SHl�l=ZFY�Z�ZFX.lJ`VZFX,`V]AX8Y�ZF[^X5]AYMaRSAQ6SHt^SAwxSAX8Y�W��1��X�ZFl=l�[^Y\[^]AX8h
W�SAwx[^W�Y�QV_8`VY�_8QVSAl{l=ZFY�Z6W�]A_8QV`VSHWGZjQVS�]Hq�Y\SAXm_.W�SAl{Y�]oWTY\]AQTS�l=ZFY�Z���aR]AW�S�W�`baGSAwxZ6[uWRS��8U�SH`VY\SAl6Y\]�`baGZjX.|}S
QVZjU�[^l=t p�z�SA`TZF_.W�S�]Aq�YMaRS�r.SC�8[ z	[^t^[^Y^p1]Aq�Y^aGS�W�Y�QV_8`VY�_8QVS��
��W$ZmQVSAW�_.t^Y\h�W�SAwx[^W�Y�QT_.`VY\_.QVSHl�l=ZFY�Zm[uX.Y�SH|}QVZFY\[^]AX�[^W$wx]AQTS�`baGZFt^tuSAX.|}[^X8|�Y^aGZFX�Y�QTZFl=[^Y�[^]HX.ZFt.l=ZFY\Z�z�ZFW�SAW
[^X.Y\SA|}QTZFY�[^]HX.�Jk=aGS�[uX.Y�SH|}QVZFY\[^]AX,w1_8WTY�ZF`T`V]H_.X.Y$q�]HQ�Y^aGS6aRSAY�SHQV]H|}SAX.SH[^Y�[^SHW�ZjX.l�ZF_.Y�]HX.]Awx[^SHWPZFwx]AX.|
l=ZFY�Z�W�]A_8QV`VSHW��5��l�l=[^Y�[u]AX.ZFtut pAh�[^Y�wx_.W�Y�z	S�Z�z�tuS�Y�]yaGZFX.l=t^S�Y^aGS�r8SC�8[ z�[ut^[^YMpAh�ZjX.l,[uw1U=]AQTY�ZFX8Y�t p�YMaRS
SCn8]Ht^_.Y\[^]AX�]Aq�W�_.`ba5W�]A_.QT`VSAWV�
k=aGSPZF[^w ]Aq�YMaG[uW6QVSHU�]HQVYR[^W6Y�]PU=QV]HU�]HWTS�Z�W�`baGSHw1Z1Y�QTZFX.W�q�]HQVwxZFY\[^]AX.�¡z�ZFW�SAlxZFU=U=QV]AZj`ba�Y\]{W�SAwx[^W�Y�QT_.`V�
Y�_8QVSAl{l=ZFY�Z�[^X.Y�SH|}QVZFY\[^]AX8��k=aGSoZjU�U=QV]HZF`ba�[^W�z�ZjWTSHl{]HXyYMaRSo_.W�S�]Hq�QTSCn8SHQVW�[ z�t^SoWTSH�F_.SAX8`VSAWR]Aq=U=QV[^wx[^Y\[ n8S
Y�QTZFX.W�q�]HQVwxZFY\[^]AX.WVh8`VZjt^t^SAl�¢�£.@C¤¥K.?m¦.>�;=§¨LM©RªG«POo¬veJ­!®F¯j°v�6��X�Y^aGSm±���²³ZFU=U�QT]AZF`´aGh.t^]H`VZFt�W�`baGSAwxZFW
ZFQTS$[uX.`VQTSAwxSAX.Y\ZFt^t p�Y\QVZFX8WTqv]AQTw1SHl�[uX.Y�]fZ{|}t^]Cz�Zjt�W�`baGSHw1Z�zFp�ZjU�U=t p8[^X.|�Y�]fYMaGSHwµZ�W�SA�j_.SAX.`TSo]Hq%U�QT[^wx�
[^Y\[ n8S�Y\QVZFX8WTqv]AQTw1ZjY�[^]HX.W��$k=aGS�±���²¶ZFU=U=QV]AZj`ba�aGZjWRz�SASHX�ZFU=U�tu[^SAl1Y�]PYMaRS�[^X8Y�SA|}QTZFY�[u]AX�]Hq�Y�QVZjl�[^Y\[^]AX8ZFt
l=ZFY�Z�z	ZFWTSHW6W�_.`ba�ZFW6YMaRS{QTSAt^ZjY�[^]HX.ZFt8wx]Hl�SHt^h�YMaGSP·�¸¹w1]Hl�SHt^h%��eJg!�.iPSAQTS�[uY�[^W�ZFU=U�t^[uSAlxY�]PYMaRS{[uX.Y�SH�
|}QVZjY�[^]HX�]Hq.WTSHwx[^WTY\QV_.`TY�_.QTSAlml=ZFY�ZPW�]A_.QT`VSHW��
k�]P[^X.Y\SA|}QVZjY�S�W�SAwx[^W�Y�QT_.`VY\_.QVSHl�l=ZFY\ZFh�s.QVW�Y�]Aq	ZFt^t^h8[^YG[uW�SAW�WTSHX.Y�[^Zjt�Y\]�aGZ�n8S�Z�l=ZFY�Z1wx]Al=SAt���aR[^`ba,`TZFX
z�S�X.ZFY�_8QVZFt^t~p¥QVSAU=QVSHWTSHX.Y�SHl3WTSHwx[^WTY\QV_.`TY�_.QTSAl,l�ZFY\ZF�º�»X¥YMaG[^W1QVSHU�]HQVY\h�Z�X.SC�¼wx]Al=SAtut^[^X.|Jt^ZFX.|}_8ZF|}S
Y�]yaGZFX.l=t^S�W�SAwx[^W�Y�QT_.`VY\_.QVSHl5l=ZFY�Z�`TZFt^t^SHl�½Fªf¾�¾=ª�h���aG[^`ba�[^WxZxn8ZjQV[^ZFY\[^]AX�]Hq�Y^aGS1½}ª�¾¿<3£8I!;�À�zFp
¬vÁ�Â�Ã8Ã8ÄjÅF°�h}[uW�[^X.Y\QV]Al=_.`TSAl=�9�ºW�SAY�]Aq�U=QV[^wx[^Y\[ n8S$Y�QVZjX.WTqv]AQTwxZFY�[^]HX�QT_.t^SHW�Y�]fwxZFX.[^U=_.t^ZFY\SfYMaG[^W�wx]Hl�SHtj[^W
ZFt^W�]�l=SAs8X.SAl=��k=aGS6[^l=SAZm[^W$Y�]�`V]Aw�z�[uX.S�WTSHwx[^WTY\QV_.`TY�_.QTSAl�l�ZFY\ZyW�]A_.QT`VSAWoQVSHU�QTSAW�SAX.Y\SAlm[^X�Y^aGS�Æ8�6k!k��
wx]Al=SAt^h}Y\QVZFX8WTqv]AQTwÇYMaGSHw¿[^X8Y�]fSA�F_8[ n8ZFt^SHX.Y�q�]HQVwxh}ZFX.lywxSHQV|}S$YMaGSHw¿[^X.Y\]�ZP|}t^]Cz�ZjtAn8[uSC��È´WT`baRSAwxZF�
k=aG[^W{QVSHU�]HQVY�[^WPW�Y�QT_.`VY\_.QVSHl�ZFW{q�]Ht^t^]C��WV�m�»X3Ã�SA`TY�[^]HX3ÉFh!Z�QV_.X8X.[^X.|1SC�8ZFwxU=t^Smqv]AQ6Y^aG[^W{QVSAU=]AQTY�[^W{l�SH�
W�`VQV[~z�SAl=��k=aGSAX�YMaGS�Æ8�6k!k��¶wx]Al=SAt�[^W�U=QV]HU�]HWTSHl�[^X�Ã8SH`VY�[u]AX�¯F����X�Ã8SA`TY�[^]HX�ÊFh�Y^aGS�U=QV[uw1[uY�[ n8S�Y�QVZjX.WT�
qv]AQVwxZFY\[^]AX8W$QT_.t^SHW$qv]AQdÆ8�6k!k��³ZFQTS�l=SAs8X.SAl=��k=aGS�wxSHYMaG]Hl�]Ht^]A|�p�qv]AQ�l=SAs8X.[^X.|mZ�WTSH�F_.SAX8`VS�]Hq�Y�QVZjX.WT�
qv]AQVwxZFY\[^]AX3[uW�ZFtuWT]�|}[ n8SAX3ZFX8l�[^tut^_.W�Y�QVZjY�SAlJ_.W�[^X.|�Y^aGSyQV_8X.X.[^X.|xS��8ZFwxU�t^SA�mË!_.QVY^aGSAQTw1]HQVS�hFaG]C�Ì]H_.Q

Í



ZFU=U�QT]AZF`´a�aGZFX.l=t^SAWo�F_.SHQV[^SHW�ZFX.l�SCn8]Ht^_.Y�[u]AXx]Aq�WT]H_.QV`TSAW�[uW$l=[^W�`V_.W�W�SAl�[uX�YMaG[uWoW�SA`TY�[^]HX.�d��X�Ã8SH`VY\[^]AX�ÎFh
YMaRS�Y�QVZjX.WTqv]AQTwxZFY�[^]HX6z	SAYM��SHSAX�YMaGSRÆ���k!k��ÏZFX.lmQTSAt^ZFY\[^]AX8ZFt%w1]Hl�SHt^W�[^WoU�QTSAW�SAX.Y\SAl=��k=aG[^W�W�aG]C��W!aG]C�
Z�W�`baGSHwxZ�[^X�YMaGS{QVSHt^ZFY�[u]AX.ZFt�wx]Al=SAt.`TZFXmz�S�l�SHQV[ n8SHl�qvQV]Hw¶Æ8�6k!k����=Ë�[^X8ZFt^t pAh�Z�`V]AX8`�t^_.l=[^X.|mQTSAwxZFQ´�
ZFX.l�q�_.Y\_.QVS���]AQ��JZFQTSf|}[ n8SAX1[^XxÃ8SH`VY�[u]AX1ÐF�
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Ë�[^|}_.QTS Í [^t^tu_.WTY\QVZFY\SAW$SC�8ZFwxU=t^SAWo]Aq.W�SAwx[^W�Y�QT_.`VY\_.QVSHl�l=ZFY�Z�]Aq.Y^��]6WT]H_.QV`TSAW�h}ß!à1ZFX.lmß=á!h%YMaGZjY���[^t^t9z	S
_.W�SAl�ZFW�Z1QT_.X.X.[uX.|ySC�8Zjw1U=t^S�[^X�YMaG[^W�QVSAU=]AQTY��fk=aGSPSC�8Zjw1U=t^SHW$`T]AX.Y\ZF[^XJZxU�]HQVY�[u]AX�]Hq!WTY\_.l=SAX.Y�l=ZFY�ZF�
k=aGSfl=ZFY�Z{[^W�QTSAU=QVSAW�SAX8Y�SAl{[^X�aG_.wxZFX.�vQVSHZFl=Z�z�t^S$q�]HQVwº��[^Y^a�[uY�W�W�Y�QT_.`VY\_.QVSf[^X.`Vt^_.l=SAl=���»X8q�]HQVwxZFt^t pAh9YMaRS
W�Y�QV_8`VY�_8QVS�`VZjX6z�S�l=SAW�`VQT[ z�SHlmZFW�`T]AX.Y\ZF[^X.[^X8|�W�Y�_.l=SAX.Y�QTSA`V]HQVl=W�[^X�ß!à Í�â ZFã�ZFX.ly`T]A_.QTWTSfQTSA`V]HQVl=W�[^Xyß=á
Í�â z�ãv�
��X�ß!à=h�Y^aGS�W�Y�QV_8`VY�_8QVS6]Hq.WTY\_.l=SAX.Y!QTSA`V]HQVl=W�`VZjX�n8ZjQ´p�ZF`V`T]AQVl=[^X.|�Y�]6W�Y�_8l�SHX.Y�WoX.ZFY�[u]AX.ZFtu[^YMpA�	Ë�]AQ�aR]AwxS
W�Y�_.l=SAX.Y\W�h9SAZF`ba�QTSA`T]AQVl�`T]AX.W�[^W�Y�WR]AqFSHt^SAwxSHX.Y�W%��aR[^`ba�ZFQTS

name, sex
ZFX.l6W�_�z�QTSA`T]AQVl=W%��[^Y^a�SAt^SHwxSAX.Y\W

course, year
ZFX.l

grade
hRl=SAW�`VQT[ z�[^X8|�`T]A_.QTWTSxYMaRSCp�ZjY�Y�SHX.l=SAl=�5Ë�]AQm]�n8SAQTWTSHZFWmWTY\_.l=SAX.Y\W�h�ZFX�SC�8Y\QVZ

SAtuSAwxSAX.Y�ävåæ�»å
english score

[uWoZFl=l=SAl=��·	n8SHQ´p1QTSA`T]AQVlm[uX�ç�è�`V]HX.W�[^WTY\W�]Hq8Zm`V]Ht^t^SH`VY�[u]AX1]Aq8QTSAt^ZjY�SAl�l�ZFY\Z
n8ZFt^_8SAW6ZFX8l�SAZj`ba�n8ZFt^_.Sm`T]AQVQTSAW�U�]HX.l=W�Y�]yZ�U=ZFQVY\[^`V_8t^ZFQ6SHt^SAwxSAX8YR]HqdYMaRSyQVSH`V]AQTl���Ë�]AQ6S��8ZFwxU�tuS�h.YMaRS
s.QTWTYGSA[^|�aGY�t^[^X.SHW�[^X�Ë�[^|}_.QTS Í�â ZFã8ZjQVS6ZyQTSA`T]AQVl�q�]HQ�YMaGS6W�Y�_8l�SHX.Y

Mary Smith
h=Y^aGS6X.S��8Y!WT[~��t^[^X.SHW�ZFQTS

Z�QVSH`V]HQVl�qv]AQ�Y^aGSyW�Y�_.l=SAX.Y
Seiji Sato

�yk=aGSyQTSA`T]AQVl=W6ZFQTSywxZFl=Sy_.U�]Hq�SAtuSAwxSAX.Y\W6YMaRZFY�l=SAW�`VQT[ z�SmYMaRS
W�Y�_.l=SAX.Yd��[^YMaºWT_�z	QVSA`T]AQTl�W���k=aGSys.QTWTY$SA[u|�aGY�t^[^X8SAWP[^X�Y^aGSySC�8Zjw1U=t^SyW�Z�p5YMaRZFYoY^aGS�W�Y�_8l�SHX.Y�QTSA`V]HQVl=h
Mary Smith

hjaGZFW6Y^��]{SHt^SAwxSHX.Y�WG��aG[^`´aéZFQTS
name

ZFX.l
sex

h.ZFX.l�Y^��]�W�_�z�QTSA`V]HQVl=WR��aG[^`ba�l=SAW�`VQV[~z�S
YMaRS�`V]A_8QVW�SAW�W�aGS�ZFY�Y\SAX.l=SAl=h}YMaRS�p8SHZFQVW�W�aGS�Y\]A]���YMaGS�`T]A_.QTWTSHW�h}ZFX.l�YMaGS�|}QTZFl�SHW�]Cz�Y\ZF[^X.SHl��
��X�ß=á!h�SAZF`´a�QTSA`T]AQVl�`V]AX8WT[^W�Y�WR]Aq�SAt^SHwxSAX.Y\W%��aG[^`ba�ZjQVS

course
ZFX.l�WT_�z	QVSA`T]AQTl�W%��[uYMa�SAtuSAwxSAX.Y\W

name,

sex, year
ZFX.l

grade
h$l�SHWT`TQV[ z�[uX.|3WTY\_.l=SAX.Y{ZFY�Y\SAX.l=SAl�YMaRS�`V]H_.QVW�S���k=aGS�s.QVW�YPq�]H_.Qyt^[^X8SAWx[^X¥Ë�[^|}�

_.QTS Í�â z	ã�h�ZmQVSA`T]AQTlmq�]HQ�YMaGS
Math

`V]H_.QVW�S�hFW�Z�p�YMaGZjYdYMaGS
Math

`T]A_.QTWTSRaGZjW�ZFX�SHt^SAwxSAX8Y
course

ZFX.l�Z
W�_�z�QVSH`V]HQVl{]Aq=Z�W�Y�_.l=SAX8Y

Mary Smith
��aG]�ZFY\Y�SHX.l�SHl�W�_.`ba�`V]H_.QVW�So[uX�aGSHQ�s.QTWTY�p8SAZjQ�ZFX.lP|}]HY�Z�|}QVZFl=S

“B”
�
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²�ZFQV[^]H_.W�wx]Al=SAt^WRWT_8`baJZFWGñP¢�ò�;�Ej@�ó$ô.EF¤�K8õ�ö.;{÷�£.I!;=ÀGLMñPó$÷�OG¬v­!ø�eyù¹ÄjÎF°�hHó$I!ö.;=ú�û�K8¢	;=ÀbÀb;�I�@CB9;�;
¬v­8SAY\ÄFÐF°vh�ö.B9K.ü!¤�?AEj¤�;=<3Km¬v±�Â�Ë!Ã8ÄFýjh�Ã8±�Ã�®F®j°vh�NPK.@CK.þPD�>�I!;�?�¬vøRù¹ÄFýF°vh�ZFX.l�YMaGS�½}ª�¾�<3£.I!;=À=¬�Á�Â�Ã�Ã8ÄFÅj°
�V�b�»åjaGZ�n8SGz�SHSAX�U=QV]HU�]HWTSHl�Y\]fQVSAU=QVSHWTSHX.Y	WTSHw1[uWTY\QV_.`TY�_.QTSAlPl�ZjY�ZF��k=aGSAW�Sfw1]Hl�SHt^W���SAQTSo`T]AwxU�ZjQVSAl{ZFX.l
`V]HX.Y�QTZFW�Y�SAlJ[^X�¬vÿ�[^Y\®FÉF°vh=��aGSAQTSy[^Y��mZjW{SHWTY\Z�z�t^[uW�aGSHl�Y^aGZFY$YMaGS6Æ8�6k�wx]Al=SAt![uW{Y^aGS1w1]HWTYoU�QT]Awx[^W�[^X.|
qv]AQ�Y^aGS�Y\QVZFX8WTqv]AQTw1ZjY�[^]HX.� z	ZFWTSHl�ZjU�U=QV]HZF`ba,Y\]�W�SAwx[^W�Y�QT_.`VY\_.QVSHl�l=ZFY�Z�[^X.Y\SA|}QVZjY�[^]HX.��k=aGS�Zjl�n8ZFX8Y�ZF|}SHW
]Aq9Æ��6k�]�n8SAQ�]AY^aGSAQ�wx]Al=SAt^W�ZjQVS�YMaRZFY![^YdQTSAU=QVSAW�SAX8Y�W�]AQTl�SHQGZjX.ly`VZjQVl=[^X.ZFt^[uYMp�`V]AX8WTY\QVZF[^X8Y�W�hFZjX.ly[^Y!`TZFX
QVSHU�QTSAW�SAX.Y	l=ZFY�Zm[^Xxl=[^qvq�SHQVSAX8Y�t^S�n8SAt^W�]Hq�Z�z�W�Y�QTZF`VY\[^]AX.�
iP]C��S�n8SAQbhj[^X�]A_.Q�ZjU�U=QV]HZF`baGh=YMaGS�Æ8�6k�wx]Al=SAt9aRZFWfYM��]�l=[^W�ZFlAn8ZFX.Y�Zj|}SAW��RË�[^QVW�Y�h�Y^aGS�X.SHSAl�Y�]�W�U=SA`V[uq p
YMaRS�]AQVl=SAQR]Aq�X8]Al=SAW�[^XxYMaRS�Æ��6k�wx]Al=SAt=wxZ�pxtu[^wx[^Y!YMaGS�r8SC�8[ z�[ut^[^YMpx[^XxQVSHU�QTSAW�SAX.Y\[^X.|6W�SAwx[^W�Y�QT_.`VY\_.QVSHl
l=ZFY�ZF����Y	[uW�]AqvY�SAX�YMaGS$`VZjWTSfYMaRZFY�WT]Hw1SfW�SAwx[^W�Y�QT_.`VY\_.QVSHl{l=ZFY\Z�wxZ�p�X.]HY�X.SASHl�Y\]�z	S$]HQVl=SAQTSAl=��Ã�SA`V]HX.l=h
YMaRSdÆ���k�wx]Al=SAtjZjt^t^]C��W�l=ZFY�ZPY\]dz�SfQTSAU=QVSAW�SAX8Y�SAl�[^X�n8ZFQV[^]H_.W�t^SCn8SHt^W�]Aq%l=SAY�Zj[^t^W����»X�l�ZjY�Z{[^X.Y�SH|}QVZFY\[^]AX8h
[^Yd[uW�[^wxU�]HQVY\ZFX.Y!YMaRZFY!Zmwx]Al=SAt^t^[uX.|6t^ZFX8|}_.ZF|}Sf|}[ n8SAW�ZPU=QVSH`V[^W�Sfl�SHs.X.[^Y\[^]AX1]Aq�ZPl=ZFY�Z�z	ZFWTS�WT`baRSAwxZF�

É



name = Mary Smith
sex = female

course = Math
year = 1
grade = B
course = DB
year = 2
grade = A

name = Seiji Sato
sex = male
english score = 6.5

course = DB
year = 1
grade = B

���������
	

course = Math
name = Mary Smith
sex = female
year = 1
grade = B

course = DB
name = Mary Smith
sex = female
year = 2
grade = A
name = Seji Sato
sex = male
year = 1
grade = B

���
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Ë�[^|}_.QTS Í�� Ã�SAwx[^W�Y�QV_8`VY�_8QVSAl�l�ZFY\ZP`V]AX8Y�ZF[^X8[^X.|�W�Y�_8l�SHX.Y!QVSH`V]AQTl�W�Ã Í ZFX.ly`T]A_.QTWTS$QVSH`V]AQTl�W�Ã�ÉF�

��n8ZjQV[^ZFY\[^]AX�]Aq�Y^aGS�Æ8�6k¹wx]Hl�SHt^hd`VZjt^t^SAl�½Fªf¾�¾=ª â Æ���k¹q�]HQPk!QVZFX.qv]AQTwxZFY�[^]HX.�¡z�ZFW�SAl���U�U=QV]HZF`baGãvhd[^W
YMaRSAQVSHq�]HQVS�U=QV]HU�]HWTSHl��8Æ8�6k!k���SC�8Y\SAX.l=WoY^aGS�Æ��6k�wx]Al=SAt�Y�]{l=[^WTY\[^X.|}_.[uW�a�z	SAYM��SHSAX�]HQVl=SAQVSHl�ZFX8l�_.X8�
]AQTl�SHQVSHl�l=ZFY�Zj�x��t^W�]�h.Æ��6k!kj��QVSHWTY\QV[^`TY�WyY^aGS�Æ8�6kºw1]Hl�SHt�Y\]���_.WTY�Y^��]xt^SCn8SHt^Wm]Aq�Z�z	WTY\QVZF`TY�[^]HX � YMaRS
?AEj¤�;=<3K�Àv;=¦.;=À���aGSAQTS�ZyWTY\QV_.`TY�_.QTS6]Aq�l�ZjY�Zy[^W$QVSHU�QTSAW�SAX.Y\SAlyZjX.l�Y^aGS$I!K.@CK�Àv;=¦.;=À=��aRSAQVS�QTSAZFt8l�ZFY\Z
[^WoQVSAU=QVSHWTSHX.Y�SHl��

����� �������! "���# %$'&)(#�+*

k=aGSo½Fªf¾�¾=ªÇ<3£.I!;=À�`T]AX.W�[^W�Y�W$]Aq.Z�½Fªf¾�¾=ªµ?AEF¤G;�<3K�ZFX8l{½}ª�¾�¾=ª I!K8@CK	h�QTSAU=QVSHWTSHX.Y�[^X8|6YMaGS�W�Y�QT_.`V�
Y�_8QVSmZFX.l�`V]AX8Y�SAX8Y�]AqdW�SAwx[^W�Y�QT_.`VY\_.QVSHl�l�ZjY�Z�QVSHWTU=SA`TY�[ n8SHt pA�6k=aGSmwx]Hl�SHt^W6ZFQTSmQV]A]HY�SHl�Y�QVSHSAW���[^YMa�t^ZF�
z�SHt^t^SAlmX8]Al=SAW��.·�Zj`ba�X.]Al=So[uW�l=SAW�`VQV[~z�SAl$zFp�ZPY�_.U=t^S-,/.1032F�
.�48��576��98�[^XxZ$Æ8�6k!k��ÏWT`baRSAwxZPZFX.lmZPY�QT[^U�tuS
,:.�032F�
.�4���5;6��14)<=0>.�?.�98�[^X3ZPÆ8�6k!k��¿wx]Al=SAt^hj��aGSHQVS@.�0>2F��.�[^WPZ�W�Y�QT[^X.|�l=SAW�`VQT[ z�[^X.|���aGZFYoZ�X.]Hl�SmQTSAU=�
QVSHWTSHX.Y�WVh}��576��$QTSAU=QVSAW�SAX8Y�W�l=ZFY\ZyYMp8U=S�]Aq�ZyX.]Al=S�hFZjX.l-<=03.1?.�fQVSAU=QVSHWTSHX.Y�W�YMaGS�n8Zjt^_.S6ZFW�W�]A`V[uZFY�SHl6��[^Y^a
YMaRS�X.]Al=S���k=aGSo��576���`VZFX{z	S�ZFY�]Hw1[u`G�»å A�å

string
h
integer

�V�b�»å�]HQ�`V]AwxU=]A_.X8l�ävå ��å
set

â wxZFQ´�dSAlCBEDGFIH ãvh
listâ w1ZjQ´�dSAlJB ¬v°�H ã%]AQ

bag
â wxZFQ´�dSAlJB:,18
H ã��8�»X1ZoÆ8�6k!k��ºl=ZFY�ZjhF[^q�Z{X.]Al=So[uW�]Aq%`V]HwxU�]H_.X.l{YMp8U=S�hG<K03.1?8��[^W�ZFX

[^X.Y\SA|}SHQo[^l=SAX8Y�[^qvSAQ�ä1L��$k=aRS{]H_.Y�|}]H[^X.|ySHl�|}SHWf]Aq
list

X.]Al=SAW�ZFQTSP]AQVl=SAQTSAl1q�QT]Aw�t^SHq�Y�Y\]{QT[^|�aGY���aGSHQVSAZjW
YMaR]AW�S{]Hq

set
ZFX8l

bag
X.]Al=SAWfZFQTSP_.X.]AQTl�SHQVSHl��ok=aGSPSAl=|}SAWf]Aq�Z�Æ8�6k!k��³W�`baGSHw1ZxZFQTS�tuZ�z�SAtut^SAl{��[^Y^a

`VZjQVl=[^X.ZFt^[uYMp�`V]HX.W�Y�QVZj[^X.Y�WVhV��aRSAQVSMBON�H�[uX.l�[u`VZFY\SAWQP�SAQV]�]HQ�wx]AQTS�]A`T`V_.QTQVSAX8`VSAWVhGB R+HT[^X.l=[^`VZjY�SAWG]AX.S�]AQdwx]AQTS
]A`T`V_.QTQVSHX.`VSHW�h}ZFX.l"B S
H�[^X.l=[^`VZFY\SAW!P�SAQV]f]HQ�]AX.S�]H`V`V_8QVQVSHX.`VSA�+T�]�t^Z�z�SAt�ZFX8l"B ��H�[^X.l=[^`VZjY�S6S��8ZF`VY\t px]HX.Sf]A`T�
`V_8QVQVSHX.`VSA�#B ��HF[^W{ZFt^W�]y_.W�SAl�Y�]y[ul�SHX.Y�[^q¡p3Z{�!S�p�X.]Al=SP[^X3ZPÆ8�6k!k��ÇWT`´aGSAwxZF�m��X3Z{Æ8�6k!k��Çl�ZjY�Z�YMaRS
SAl=|}S$[^W�QTSAU=SAZFY\SAlPYMaGS�X8_.w�z�SAQ�]Aq�Y\[^wxSAW�[uYd]A`T`V_.QTW�h}ZFX.lyl=ZFY\Z�n8Zjt^_.SAW�ZFQVSfW�aG]C��X1_.X.l=SAQ�t^SHZFq.X.]Hl�SHW��
��XmSC�8Zjw1U=t^S�]HqjYMaRS�Æ8�6k!k��¥WT`´aGSAwxZ�qv]AQdY^aGS�W�Y�_.l=SAX.Y�l�ZjY�Z6[^XmË�[^|}_8QVS Í�â ZFã�[^W�W�aG]���XP[^XyË�[^|}_.QTS�ÉF����X
YMaRS�SC�8Zjw1U=t^S�hHSAZF`´a�WTY\_.l=SAX.Y�QVSA`T]AQTl�[^W�_.X.[u�F_.SAt~pm[ul�SHX.Y�[^s8SAl�zjp�YMaGSoX.ZFwxS�]Aq=YMaRS�W�Y�_.l=SAX.Y�h�ZFX.l{YMaG_.W
[^XyË�[^|}_8QVS�É�YMaGSoSAl=|}S�]Aq

name
[^W�t^Z�z�SAt^tuSAl���[uYMaUB �1H �.Ã8[^X8`VS�Y^aGS�l=SAY\ZF[^t^W�Z�z�]H_.Y

sex
ZFX.l

english scoreZFQTSo]HU�Y\[^]AX.Zjt^h}YMaGSH[^QRSAl=|}SAWRZFQVSft^Z�z	SAt^t^SHlo��[^YMaVB S
H �.k=aGSfqvZF`VY	YMaGZjY	SHZF`ba3WTY\_.l=SAX.Y	wx_.WTY�aGZ�n8S$ZFY\Y�SAX8l�SHl
ZFYot^SAZFW�Y$]AX.Sm`T]A_.QTWTSy[uW�QTSAU=QVSAW�SAX8Y�SAl{zjpWB R+Hj]HX3YMaGS�SAl=|}S��m��X.q�]HQVwxZFY\[^]AX�Z�z�]H_.Y�`T]A_.QTWTSHW�[^WoaGSHt^l�ZFW

¯
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Ë�[^|}_.QTS$É � Æ8�6k!k��ÏWT`baRSAwxZPq�]HQ�çjz

{7|~}h���a�

���� ���G���a�9� ��� � ���9�I���9�

� �
� � � �a� ���W� �a�9} � � ���W� �a�9} � � � ��� � � ��� �a�9�;��� ���� � �a}h�
���W� ���G} � �

��� � }��� � �E� �9�
��� � ��� �E� �

� ���I� �;� � } �;} � �I� � �a��� �;� � } �;} � �I� ��� �a� ���� � ��� �
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Ë�[^|}_.QTSf¯ � ��Æ8�6k!k���l=ZFY\Z{qv]AQ�ç¡z

W�_�z�QVSH`V]HQVl=W�]Aq
student

h���aGSAQTS
code

_.X.[u�F_.SAt~p1[^l=SAX.Y\[^s.SHW�YMaGS�`T]A_.QTWTSfSAZj`ba�WTY\_.l�SHX.Y�ZFY�Y\SAX.l=SAl=h
year[^X.l=[^`TZFY�SHW$Y^aGS�p8SHZFQ�Y^aGS{WTY\_.l�SHX.Y�ZjY�Y�SHX.l=SAl1YMaGS{`V]H_.QVW�S�h=ZFX.l

grade
[^X.l=[^`TZFY�SHW$Y^aGS�|}QTZFl=S�]Cz	Y�ZF[^X8SAl=�

Ë�[^|}_.QTS$¯m[ut^t^_.W�Y�QTZFY�SHW�YMaRSRÆ8�6k!k���l=ZFY�ZPY^aGZFY!`V]HX.qv]AQVwxW�Y\]�YMaGSGÆ8�6k!k��ÏWT`baRSAwxZP[^XxË	[u|}_.QVS�ÉF�
k=aGSmW�p8X.Y�Z��J]Aq=Æ��6k!kj�µ[^W�WT[^wx[^tuZFQ6Y�]PY^aGZFY�]Hq=Æ8�6k}h.SC�8`TSAU=YGY^aGZFY�l=ZFY\Z1Y^p8U�SP[^W�X.]AY�QTSAU=QVSAW�SAX8Y�SAl1ZFW
Z�X.]Hl�S�[^XxÆ8�6k!k����j��t^WT]Ah!Z�X.]Al=Sy]Hq�`V]HwxU�]H_.X.l�Y^p8U�Sy[uW{l=SAX8]AY�SHlPzFp5[^Y\WPt^Z�z�SHt^t^SAlJqv]At^t^]���SAlPzjp5[^Y�W
`baG[ut^l�QTSAX�z�SAY^��SASHX�DGFVh�¬�°!]HQ-,18R[^q!Y^aGSPX.]Al=S�[uW6]Aq

set
YMp8U=S�h

list
YMp8U=S�]HQ

bag
YMp8U=S�QTSAW�U�SH`VY\[ n8SAt pA�$��q!Z

`V]HwxU�]H_.X.l1X.]Al=SP[^W6qv]At^t^]���SAl�zFp�[^Y�W�`baG[^t^l=QVSHX�[uXWDKFTh8Y^aGSP`baG[^tul�QTSAXJZFQVSP_.X.]HQVl=SAQTSAl1ZFX.l�SHZF`ba�`baG[^t^l
`VZjX�]HX.t pJ]H`V`T_.Qo]HX.`VSA�o��q![^Y�[^W�q�]Ht^t^]C��SHl6zjpJ[^Y\W�`baG[ut^l�QTSAX�[^X�¬�°vh.YMaRS{`´aG[^t^l=QVSHX�ZFQTS{]HQVl=SAQTSAl1q�QT]Aw�YMaRS
t^SHq�Y\w1]HWTY8Y�]�Y^aGS�QV[u|�aGY�wx]AW�Y�����q�[^Y8[^WRqv]At^t^]���SAlRzFp�[uY�WR`baG[^t^l=QVSHXP[^X¤,18�h�YMaGS�`´aG[^t^l=QVSHX{ZjQVS�_.X8]AQVl=SAQTSAlfZFX.l
SAZj`ba5`baG[^tul�`TZFX�]A`T`V_.Q�wx]HQVS�YMaRZFX�]AX.`TS��!k=aGS�Æ��6k!kj�×W�p8X.Y�Z���q�]HQ�YMaGS�Æ��6k!kj��W�`baGSHwxZm[^X�Ë�[^|}_.QTS6É
[^Wo[^t^t^_.W�Y�QTZFY�SHlfz�SHt^]C���

root ¥_¦ D student ¥ [ ¥¨§ name ¥ String,
¥ª© sex ¥ String,
¥ © english score ¥ Integer,
¥ª« course ¥ [ ¥ § code ¥ String,

¥ year ¥ Integer,
¥ grade ¥ String ] ]

F

Ê



��X5Y^aGS6Æ��6k!kj� w1]Hl�SHt^h!ZFt^tRX.]Hl�SHW�h!SC�8`TSAU=Y�YMaRS
root

X.]Hl�S�h�`TZFX5]HX.t p,S��8[^WTY���aGSHX�[^Y�WmU=ZFQTSAX.Y$X.]Al=S
SC�8[uWTY\W���ù,S6YMaRSAQVSHq�]HQVS$l�SHs.X.SfZ$Æ8�6k!k��×X.]Al=S­¬xZFW�ZFX�]HX.t p�`V]HX.WTY\QV_.`TY![^X�YMaRS�Æ8�6k!k���wx]Hl�SHt^��·�Zj`ba
Æ8�6k!k��ºX8]Al=S�[^W�[^l=SAX8Y�[^s.SHl�zjp�[^Y�W�?AEF¤G;�<3;.��k=aGS$WT`baRSAwxSo]Hq%Z�Æ���k!k��¹X8]Al=S�¬�[uWp, ,�®3¯°¬±¯°²7¯a³
8 8´h���aGSHQVS
®�[^WoY^aGS6W�SA�F_8SAX.`TS�]Aq8ZjX.`VSHWTY\]AQ�X.]Hl�SHW�]Aq�ZyX.]Hl�S­¬�l=SAX.]HY�SAl"®mzu´ ®�µ9´ ®�¶G´:´:´ ®G·��dË�]AQoSC�8ZFwxU=t^S�hm®{]Aq

name[^X�Ë�[^|}_.QTS{É1[^Wp¸
root.student ¹ ��k=aGSon8ZFtu_.SP]Aqº®m[^W�YMaGSon8ZFt^_8S{ZjWTW�]A`T[^ZFY�SHlP��[^Y^aéY^aGSmt^ZFW�Y�X.]Al=SJ®9·{[^XYMaRS�W�SA�F_.SHX.`VSAh���aG[u`ba�[^WfY^aGS�U=ZFQTSAX.YG]Aq»¬���k=aGS@²�[^WfYMaGS{l�ZjY�Z�Y^p8U�S�]Aq»¬�ZFX.l1YMaRS¼³�[^WfZ�`VZjQVl=[^X.ZFt^[uYMp

`V]HX.W�Y�QVZj[^X.Y�]AX�ZFX�SHl�|}S�z�SHYM��SASHXC®G·�ZFX.l-¬�����tut�Y^aGSf`V]AX8WTY\QV_.`TY�W�]Aq%Y^aGSGÆ8�6k!k��ºW�`baGSAwxZ�[^X�Ë�[^|}_8QVSfÉ
ZFX.l�YMaGSH[^Q�[^X.W�Y�ZFX.`TSAWoZFQVSfW�aG]C��X�z�SAtu]C� �
½ ½
root, student, list, X�¾ ¾ =

\G½
&0, &1 ¾ , ½ &0, &2 ¾ ]½ ½

root.student, name, string, - ¾ ¾ = [
½
&1, “Mary Smith” ¾ , ½ &2, “Seiji Sato” ¾ ]½ ½

root.student, sex, string, ? ¾ ¾ = [
½
&1, “female” ¾ , ½ &2, “male” ¾ ]½ ½

root.student, english score, real, ? ¾ ¾ = [
½
&2, 6.5 ¾ ]½ ½

root.student, course, list, + ¾ ¾ = [
½
&1, &11 ¾ , ½ &1, &12 ¾ , ½ &2, &13 ¾ ]½ ½

root.student.course, code, string, ¾ ¾ = [
½
&11, “Math” ¾ , ½ &12, “DB” ¾ , ½ &13, “DB” ¾ ]½ ½

root.student.course, year, integer, ¾ ¾ = [
½
&11, 1 ¾ , ½ &12, 2 ¾ , ½ &13, 1 ¾ ]½ ½

root.student.course, grade, string, ¾ ¾ = [
½
&11, “B” ¾ , ½ &12, “A” ¾ , ½ &13, “B” ¾ ]

iPSAQTS�YMaRS!¸�¿ ¹ qv]At^t^]���SAl�zFp�Z�X8_.w�z�SAQGQVSAU=QVSHWTSHX.Y�WRYMaRSoX.]Hl�So[^l=SAX.Y\[^s.SAQ!ä1L���aG[^`ba�[^W�YMaGS�n8ZFt^_8S�]Aq=YMaRS`V]HwxU�t^S���X.]Hl�S���Ë�]HQ�[^X.W�Y�ZFX8`VS�hÀ¿{®P[^W�ZPQV]H]AY!X.]Hl�S$[^l=SAX.Y\[^qvSAQb�

����Á ÂÃ�+ÄpÅ��ÇÆ+�+È¼ÉGÊ�È@ËÍÌp�+ÎÏÊ�Æ=ÉGÅjÐ�Ñ3ÉKÐ@Å��Ç(ÓÒÕÔÖÉ3Ô_Ê�È×�� "�C�@ 

��XxYMaGS�U=QVS�n8[^]A_.W�W�SA`TY�[^]HX.hFY^aGSRÆ8�6k!k��×w1]Hl�SHt�aRZFW!z�SHSAX1l�SHWT`TQV[ z	SAl=�8k=aG[^W$W�SA`VY\[^]AXxl=[^W�`V_.W�WTSHW!aG]��³Y\]
QVSHU�QTSAW�SAX.Y	W�SAwx[^W�Y�QV_8`VY�_8QVSAl�l�ZFY\ZP[^XxYMaGSRÆ���k!k��Ïwx]Al=SAt^�
Ã8SHwx[^WTY\QV_.`TY�_.QTSAl1l�ZjY�Z1YMp8U=[^`VZFtut p�`V]HX.Y�Zj[^X.WfZ�W�SA�F_8SAX.`TS�]Aq	QVSH`V]HQVl=W���·�ZF`baéQVSA`T]AQTl�`T]AX.W�[^W�Y�W�]Aq	Z1`V]Atu�
t^SH`VY�[u]AX�]AqdQTSAt^ZjY�SAl�l�ZFY\Z{n8ZFt^_.SHW�h}��aRSAQVSPSHZF`ba3n8ZFt^_8Sm`V]AQTQVSHWTU=]AX.l=WfY�]yZ�U=ZFQTY�[^`T_.t^ZFQ�SHt^SAwxSAX8Y�]Aq!YMaRS
QVSH`V]HQVl=�=¸�SH`VZFtutFYMaGSoSC�8ZFwxU=t^S�]Aq=W�SAwx[^W�Y�QV_8`VY�_8QVSAl�l�ZjY�Z�Ë�[^|}_8QVS Í�â ZFãvh�YMaGSoSC�8ZFwxU=t^S�`V]HX.Y�ZF[uX.WGZ�QVSH`V]AQTl
qv]AQ�YMaGS�W�Y�_8l�SHX.Y

Mary Smith
qv]At^tu]C��SAlGzFpmZ�QVSH`V]HQVlfq�]HQ!YMaGS�W�Y�_8l�SHX.Y

Seiji Sato
�.·�ZF`ba�W�Y�_8l�SHX.Y�QVSH`V]AQTl

`V]HX.W�[^WTY\W�]Aq=SAt^SHw1SHX.Y�WRYMaRS�W�Y�_.l=SAX.Y�H WGX8ZFwxS â
name

ãvh9Y^aGS�W�Y�_8l�SHX.Y°H W�W�SC� â
sex

ãvhAY^aGS�W�Y�_.l=SAX8Y°H WR·�X.|}t^[^W�a
W�`V]AQTS â

english score
ã�h�ZFX.l�YMaGSf`V]H_.QVW�SAW�W�Y�_8l�SHX.Y!ZFY�Y\SAX.l=SAl$��aR[^`ba3ZFQVSfl=SAW�`VQV[~z�SAlm[^XxY^aGSfWT_�z	QVSA`T]AQTl

â
course

ã���k=aGS
course

W�_�z�QTSA`T]AQVl,`V]HX.Y�ZF[uX.W�SHt^SAwxSAX8Y�W�Y^aGS�`T]A_.QTWTSKH W�`V]Hl�S â
code

ãvh�YMaGSmp8SAZFQTW�YMaRS
W�Y�_.l=SAX.Y!Y\]A]���YMaGS�`T]A_.QTWTSHW â

year
ã8ZFX.lmYMaRS�|}QVZFl=SAW�]�z�Y�ZF[uX.SAl â

grade
ã��

k�]1QVSAU=QVSHWTSHX.Y�Z�W�`baGSHwxZ�SAw�z�SHl�l=SAl�[^X�W�SAwx[^W�Y�QV_8`VY�_8QVSAlJl=ZFY�Z�[^X�ZmÆ��6k!kj�¿W�`baGSHwxZFhdZ�Y\]AU=��l=]C��X
wxSAY^aG]Al=]At^]H|�p�[^W�ZjU�U=t^[^SHlmZFX.lm[^Wol�SHs.X.SAlPZFW�q�]Ht^t^]C��W �

Í ��Â�SAs.X.SoQVSH`V]AQTl�W�[uX�W�SAwx[^W�Y�QT_.`VY\_.QVSHlml�ZFY\ZPZFW�`V]HwxU�]H_.X.l{X.]Al=SAW�ZFX8lmZFWTW�]A`T[^ZFY\S�YMaGSHw���[^YMa3YMaRS
QV]A]HY�X.]Al=S��.��XxYMaGS�S��8ZFwxU�tuS�h}YMaGS�W�Y�_8l�SHX.Y!QVSH`V]AQTl�W�ZjQVS�l=SAs.X.SHlPZFW�`T]AwxU�]H_.X.lPX.]Hl�SHW�t^Z�z�SHt^t^SHl
��[^YMa

student
ZFX.lmtu[^X��dSAlyY\]�YMaGSfQT]A]AY!X8]Al=SoZFWoW�aR]C��X1[^XxË	[u|}_.QVSfÉF�

Ë�]AQRSAZF`ba�`V]Hw1U=]A_8X.l�X.]Hl�SAhH[^q%Y^aGSo]HQVl=SAQG]Aq%[^Y�W�SHt^SAwxSHX.Y�WR[^W�X.]HY�[^wxU=]AQTY�ZFX.Y	ZFX.lPSHZF`baJSHt^SAwxSHX.Y
`VZFX�X.]HY�z�SmQVSHU�SHZFY�SHl�h�[^Y�W{YMp8U=Sm[^W

set
YMp8U=S�����qGYMaGSm]HQVl=SAQ�]Aq�[^Y�W{SAt^SHwxSAX.Y\W6[^W�[uw1U=]AQTY�ZFX8Y�h	[^Y�W

YMp8U=So[^W
list
YMp8U=S�����q.YMaGSHQVSf[^W�Y^aGS�QVSHU�SHY�[^Y\[^]AX�]Aq�SHt^SAwxSAX8Y�W�ZFX.lmSHt^SAwxSHX.Y�W�ZFX8lyYMaGSf]HQVl=SAQR]Aq�YMaRS

SAt^SHw1SHX.Y�W$[^W6X8]AYR[^wxU�]HQVY�ZjX.Y�h.[uY�W�YMp8U=S{[^W
bag

YMp8U=S��o�»X�YMaGS{SC�8Zjw1U=t^S�h%Z
student

X.]Al=S�`TZFXmz	S
l�SHWT`TQV[ z�SHlyZFWoZyY�_.U=t^SC,

student,list
8��!k=aGS6X.]Hl�S�[^W$]Aq8YMp8U=S

list
WT[uX.`VS6Y^aGS6]HQVl=SAQ�]Aq�SAt^SHw1SHX.Y�W�[^X

YMaGSfW�SAwx[^W�Y�QV_8`VY�_8QVSAlml=ZFY\Zm[^W�[^wxU=]AQVY\ZFX.Y\�

Î
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name = Mary Smith

Ë�[^|}_.QVSfÊ � ��tu[^X.S�]Aq�W�SAwx[^W�Y�QT_.`VY\_.QVSHlml�ZjY�Zmqv]AQ�WTY\_.l=SAX.Y�QVSH`V]HQVl=W��

Éj��¸�SAU=QVSAW�SAX8Y.SAZF`´a�SAt^SHwxSAX.Y�]Aq=Z�QVSH`V]HQVl�ZjW�Z�`baG[ut^l�X8]Al=S��%k=aGSo`´aG[^t^lPX.]Hl�S�[uWR]Hq�ZjY�]Awx[^`RYMp8U=S�[uq=[uY
[^W�X.]AY	Z�W�_�z�QTSA`T]AQVl���å A�å

name
h
sex

ZFX.l
english score

�+à�Y^aGSAQ���[^WTSAh9Y^aGS$`baG[^t^lPX.]Hl�So[^W�l=SAs.X.SHl
ZFW�Z5`V]AwxU=]A_.X8l�X.]Al=S�ZFWx[^X�W�Y�SHU Í ��[^YMa¶Y^aGSA[uQ�SAtuSAwxSAX.Y\W�ZFW1`baG[ut^l,X8]Al=SAW��¹Ë�]AQ�S��8ZFwxU�tuS�h
course

h9Z{W�_�z�QVSH`V]HQVl{]Aq
student

hF[uW�Z�`T]AwxU�]H_.l{X.]Al=S!��[^Y^a�`´aG[^t^lmX.]Hl�SHW
code, year

ZFX.l
grade

·�ZF`ba�X.]Al=S�[^W�t^Z�z�SHt^t^SAl{��[uYMa�[^X.qv]AQVwxZFY\[^]AX�Y�]Pl�SHWT`TQV[ z	S{Y^aGS{SAt^SHw1SHX.Y��$��X�Y^aGSPSC�8ZFwxU=t^S�hs.1032F��.
l�SHWT`TQV[ z�[uX.|�Y^aGSxSAt^SHw1SHX.Y�Wm`TZFX�z�S�l=SAQV[~n8SAl�q�QT]Aw¼Y^aGS�l=ZFY�Z�W�]A_.QT`VS��3·�ZF`´aÏtu[^X.S�[^XéYMaRS�l�ZFY\Z
WT]H_.QV`TS{`TZFX�z�SyS��8U�QTSAW�WTSHl1ZjW�ZxU=ZFY�Y\SAQVX�¸
.1032F��.±áâ<=03.1?.� ¹ h	Ë�[^|}_.QVSmÊjhF��aGSHQVS name

[^W�Z�t^Z�z�SHt
q�]HQRY^aGSfX.]Al=SfZFX.l

Mary Smith
[uW�Z$n8ZFt^_.Sf]Hq�WT_.`´a3X8]Al=S��

k=aGSo`VZFQTl�[^X8ZFt^[^Y^p�`V]AX8WTY\QVZF[^X8Y�]HqjSAZj`ba�X.]Hl�S�l=SAU=SAX8l�WG]AXm]A`T`V_.QTSAX.`TSAWd]Hq�QTSA`T]AQVl=W�[uXyZ�W�SAwx[^W�Y�QT_.`VY\_.QVSHl
l=ZFY�Z�W�]A_.QT`VS�[^q�Y^aGS�X.]Al=Sx[^W�]Hq�`V]Hw1U=]A_8X.l�YMp8U=S�h�ZFX8l�l�SHU�SHX.l=W{]HX,]H`V`T_.QVSHX.`VSHW{]Hq�SAtuSAwxSAX.Y\Wm[^XéZ
QVSH`V]HQVlP[^q�YMaRS�X.]Al=So[uW�]Aq�ZFY\]Awx[^`�YMp8U=S�����q.QTSA`V]HQVl=W�]AQ�SAt^SHwxSAX.Y\W�]A`V`T_.QRSC�8ZF`TY�t px]AX.`TS�h�YMaGSf`VZjQVl=[^X.ZFt^[uYMp
`V]HX.W�Y�QVZj[^X.Y�]Hq�Y^aGSyX.]Hl�Sm[^W{[^X.l=[^`TZFY�SHlmzFp�X.]HYMaG[^X8|�z	_.Y�[^qGYMaGS�SAt^SHw1SHX.Y�[^W{_.X.[u�F_.SAt~p�[^l=SAX8Y�[^s.SHl�YMaRS
QVSH`V]HQVl=hFYMaGS�`VZFQTl�[^X8ZFt^[^Y^p�`V]AX8WTY\QVZF[^X8Yd[^W$[^X.l=[^`VZFY\SAl6zFp~B ��H �d��q8Y^aGSAQTS�ZFQVS�]AX.S6]HQ�wx]AQVS�]A`V`T_.QVSHX.`VSHW�h}YMaRS
`VZjQVl=[^X.ZFt^[uYMp�`V]HX.WTY\QVZF[uX.Y�[^W�[^X.l=[^`VZFY\SAlPzjp�¸�R ¹ �m��q�Y^aGSAQTSm[^W#P�SHQV]m]HQ6]AX.SP]H`V`V_8QVSAX8`VS�h.Y^aGSm`VZjQVl=[^X.ZFt^[uYMp`V]HX.W�Y�QVZj[^X.Y�[^W�[^X.l=[^`TZFY�SHl�zFp�¸°S ¹ �.��q%YMaGSHQVS$ZFQVS�P�SAQT]�]HQGwx]AQTS�]H`V`V_8QVSAX8`VSAWVhHY^aGSo`TZFQVl=[^X.Zjt^[^YMp1`V]AX8WTY\QVZF[^X8Y[^Wo[^X.l=[^`VZFY\SAl$zFpã¸äN ¹ �
��Æ8�6k!k���l�ZFY\Z�[^WRZFXP[^X.W�Y�ZFX.`TS�]AqjZRÆ8�6k!k���W�`baGSHwxZ�q�]HQ!Z�U�ZFQTY�[^`T_.t^ZFQ�WTSHw1[uWTY\QV_.`TY�_.QTSAl6l=ZFY�Z�WT]H_.QV`TS��
·�ZF`baº]Cz���SH`VY�[^X5ZPÆ8�6k!k��¿l�ZjY�Z�[^W{ZFW�WT]H`V[^ZjY�SAl���[^Y^a¥YMaGS�]Cz���SH`VY�[uX.WT[ul�SyZmÆ8�6k!k��¿WT`baRSAwxZFh=��aGSHQVS
YMaRSRn8ZFt^_.SHW�]Aq�YMaRS�X.]Al=So[uX1ZoÆ���k!k��Ïl�ZjY�ZmZFQTS$l=ZFY\Z$n8ZFt^_.SHW�[^XxYMaGS�W�]A_.QT`VSf[^q�Y^aGS�X.]Al=S$[^W�]Hq�ZFY�]Hw1[u`
YMp8U=S6ZFX8l�YMaRS�n8ZFt^_.SHW�ZFQTS6[^X.Y\SA|}SHQ�[^l�SHX.Y�[us.SAQTW�[^q�YMaGS6X8]Al=S�[^Wo]Hq8`T]AwxU�]H_.X.lmY^p8U�S�����W$[^t^t^_8WTY\QVZFY\SAl1[^X
YMaRS$U=QVS�n8[^]A_8WGW�SA`TY�[^]HX.h}YMaGSGÆ���k!k���l�ZFY\ZPË	[u|}_.QVSf¯{`V]AX8q�]HQVwxW�Y�]fYMaGS�Æ8�6k!k��ºW�`baGSHwxZ{Ë�[^|}_8QVS$ÉF�}z�_8Y
`V]HX.Y�Zj[^X.W�ZFtut=Y^aGS�l=ZFY�Zon8ZFt^_8SAW�[^XxY^aGS�WTSHwx[^WTY\QV_.`TY�_.QTSAlml=ZFY�ZPW�]A_.QT`VSfË�[^|}_.QTS Í�â Zjã��
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k=aGS�]�z���SA`TY�[ n8S3]Hq�l=ZFY\Z�[^X.Y\SA|}QVZjY�[^]HXº[uWJY\]5U=QV]�n8[^l�S�ZFX�[^X.Y�SH|}QVZFY\SAl¹|}t^]Cz�Zjt�WT`baRSAwxZ�Y�],YMaGS5t^]A`TZFt
W�`baGSAwxZFW8��aG[^`´a�QVSAqvSAQ!Y\]�SC�8[uWTY\[^X.|fl�ZjY�Z6W�]A_.QT`VSHW���Â�ZFY�Z�[^X.Y�SH|}QVZFY\[^]AXPY^aGSAQTSAqv]AQVS�[^X}n8]At n8SHW�YMaRS�U�QT]A`TSAW�W
]Aq!Y\QVZFX8WTqv]AQTw1[uX.|�l=ZFY�ZxqvQV]HwÌYMaGSon8ZFQT[^]A_8W6q�]HQVwxZFY\W�ZFX.l�W�Y�QT_.`VY\_.QVSHW6[^X���aG[^`ba�[^Y�[^W�QVSHU�QTSAW�SAX.Y\SAl1[^X
YMaRSyt^]A`TZFt!W�`baGSAwxZFW�[^X.Y\]yZ�q�]HQVw ]Aqd`T]AwxU�ZjY�[ z�tuSf��[^YMa¥Y^aGSm|}t^]�z�ZFt!W�`baGSAwxZF�mk=aR[^W�U=QV]H`VSAW�W�[uW�`TZFt^t^SHl
@CB9K.õ�?Kí�£.B9<3K.@C>�£.õ5U=QV]H`VSAW�W��
à�_.Q�ZjU�U=QV]HZF`ba�[^WGz�ZFW�SAl�]AX�YMaRS6±��	²×ZFU=U=QV]AZj`bax��aG[^`ba5W�_.U=U�]HQVY�W$Y�QTZFX.W�q�]HQVwxZFY\[^]AXxU=QV]A`TSAW�W�[^X�l�ZFY\Z
[^X.Y\SA|}QTZFY�[^]HX�zFpxl=SAs8X.[^X.|�ZFWTW�]A`T[^ZFY\[^]AX.Wdz�SAY^��SASHX�`T]AX.W�Y�QT_.`VY\W�[^X�l=[^qvq�SHQVSAX8Y	W�`baGSHwxZFW�_.W�[^X.|{Y�QTZFX.W�q�]HQ��
wxZFY�[u]AXJQV_.t^SHW��6k=aGSPZFU=U=QV]AZj`ba�aRZFW�z�SHSAXJ_.WTSHl�]AXJZxX._.w�z�SAQf]Hq	W�Y�QT_.`VY\_.QVSHl�l=ZFY�Zxwx]Al=SAt^WfW�_.`ba�ZFW
YMaRS�QVSHt^ZFY\[^]AX.Zjt8wx]Al=SAt�ZFX8l1Y^aGS�·�¸¥w1]Hl�SHt�ZFW�l=SAW�`VQV[~z�SAl�[^X�¬ve�­!ÄjÄ�z	°v��i{SHQVS�YMaGS{±��	²�ZjU�U=QV]HZF`ba5[^W
ZFU=U�tu[^SAlm]HX�W�SAwx[^W�Y�QT_.`VY\_.QVSHlyl�ZjY�ZPwx]Al=SAt^h�Æ���k!k����

Ð



k=aG[^W�W�SA`TY�[^]HXyU�QTSAW�SAX.Y\W�U=QV[^wx[^Y\[ n8S�Y\QVZFX8WTqv]AQTw1ZjY�[^]HXmQV_.t^SHWG]HX$Æ8�6k!k��¥ZFX.l{[^t^t^_8WTY\QVZFY\SAW	aG]��ÏY^aGS�QT_.t^SAW
`VZjX�z	S�ZFU�U=t^[^SHlmY�]fY�QTZFX.W�q�]HQVw×Æ8�6k!k���W�`baGSHw1ZjW�]Aq�t^]H`VZFt%W�]A_.QT`VSHW�[^X.Y\]�YMaGSf|}t^]�z�ZFt%WT`´aGSAwxZF�

î���� ï¤Å¡Ê
Î×Ê
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k=aGSxU=QV[^wx[^Y\[ n8S�Y\QVZFX8WTqv]AQTw1ZjY�[^]HX5QV_8t^SAWm]HX,Y^aGS6Æ��6k!kj� wx]Al=SAt�ZjQVSxq�_8X.`VY\[^]AX.WPY^aGZFYfY�Z��dS�ZJWT]H_.QV`TS
Æ8�6k!k��ÏWT`baRSAwxZFhFU=SAQTq�]HQVwµZPY�QTZFX.W�q�]HQVwxZFY�[u]AX1ZFX.lyQTSAY�_8QVX1Z{X8SC�¥Æ��6k!kj�ÏW�`baGSAwxZF�
k=aGS�U=QV[^wx[^Y\[ n8SfY�QTZFX.W�q�]HQVwxZFY�[u]AX1QV_.t^SHW�]AX1YMaRSRÆ8�6k!k���wx]Al=SAt=ZFQTS$l=SAs8X.SAlPZFWoq�]Ht^t^]C��W �

ó¨ô:õGö�÷=ø�õ
ùú÷Iû
û°÷Àü»ýÀþKõGÿ , ,1®3¯�¬jz�¯°²7¯a³
8 87¯�, ,�®>¯�¬�µ9¯�²7¯�³
8 8���QTSAX.Zjw1SHW�ZPX.]Al=S­¬jzGY�]RaGZ�n8SfZPX.SC� X.ZFwxS­¬�µ��
óW÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , ,1®3¯�¬±¯°²7¯�³�8 8;¯���¯�����ZFl�l=W�ZPX.S��¶X.]Al=S�¬�t^[uX��dSAlmY�]fZFXxS��8[^WTY\[^X.|�X.]Al=S�®G·�h���aGSHQVS­®9·
[^WoY^aGS�tuZFWTYRX.]Hl�S6[uX¤®9��k=aGS�n8ZFt^_.S6]Hqj®{[^WfYMaRS�n8ZFt^_8S6]Aq»®9·��Rk=aGS��F_8SAQ´p��fW�U�SH`V[^s8SAW�Y^aGS�S��8Y�SHX.Y
]Aq�YMaRS�z	[^X.ZFQ�pxQTSAt^ZFY\[^]AX8W�aG[uUfz�SAY^��SASHX�®G·oZFX.lC¬��
�»qÖ® · [^W�]Aq	YMp8U=S¼²	�

list
h�Y^aGSAX�Y�]{ZFl=l1Y^aGS{X.]Al=S#¬�Y^aGSAQTS�wx_.W�Y�z�S�Z�U�]HWT[uY�[^]HX��F_.SHQ´p
�1WTY\ZFY�[uX.|

YMaGSPU=]AW�[^Y�[^]HXV¬�QTSAt^ZFY\[ n8SPY�]m]HYMaGSHQ$W�[ z�tu[^X.|xX.]Al=SAW�]Hqº®G·���k=aG[^W�U�]HWT[^Y\[^]AXJ�F_.SHQ´p�w1Z�p3SA[uYMaGSHQ�z	S
before(

¬��
)
h

after(
¬��

)
h�]AQ

any
h9��aRSAQVS@¬��%[^W�W�]AwxS�]HYMaGSHQoX.]Hl�S�t^[^X��dSHl1Y\]¼®G·�ZFX8l

any
wxSAZjX.Wf[^X

ZFX�p1U=t^ZF`TS�QVSHt^ZFY�[~n8S$Y\]�]AY^aGSAQ�W�[ z�t^[^X8|}W��
�»q�® · [uW�]Aq�Y^p8U�S­²�
� list

hjYMaRSAX1YMaGSHQVSfwx_.WTY=z	S�X.]��m�F_.SAQ�p1s.SHt^l=�
óWþGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , ,�®3¯°¬±¯�²7¯�³
8 87¯���¯����Rl=SAtuSAY�SHW6ZFX3S��8[^WTY\[^X.|1X.]Al=SJ¬�ZFX.l�[^Y\W�QTSAt^ZjY�[^]HX.W�aR[^UP��[^Y^a ®9·
��aGSAQTS ®G·�[^W�YMaGS�t^ZjWTY6X8]Al=S�[^X¨®9��k=aGSx�F_8SAQ´p���Y\SAt^tuWfaG]C� YMaGSxS��8Y�SAX8Y$]Hq�YMaGSxX.]Hl�Sx`TZFX�z	S
QVSAW�Y�]HQVSHlyq�QT]Aw YMaGS6QTSAwxZF[^X8[^X.|P`V]HX.WTY\QV_.`TY�W���k=aGS6U=]AW�[^Y�[^]HX��F_.SHQ´p���wx_.W�Y�z�S6U=QV]�n8[^l=SAlm[^qÖ® · [^W
]Aq%YMp8U=S­²��

list
�}��U�QT]Cn8[^W�]$ZFWTW�]A`T[^ZFY\SAlf��[^Y^a�YMaGSfY�QTZFX.W�q�]HQVwxZFY\[^]AX1[^W�Y^aGZFY!YMaRS$X8]Al=S!¬1l�]HSAW�X.]HY

aGZ�n8SfZFX�p1`´aG[^t^lyX8]Al=SAW��

��X�l=ZFY\Z�[^X8Y�SA|}QTZFY�[u]AX.h}[^Y![uW�]AqvY�SAX�YMaGSf`TZFWTS�Y^aGZFY�W�]A_.QT`VS$WT`baRSAwxZFW�wxZ�p1X8]AY�z�SfU�QTSA`T[^WTSHt p�SH�F_.[ n8ZFtuSAX.Y\�
k=��]xwx]AQVS1Y�QTZFX.W�q�]HQVwxZFY\[^]AX,QV_.t^SHW$��aG[^`baÏZFt^tu]C� Y\QVZFX8WTqv]AQTw1ZjY�[^]HX.W$z�SAY^��SASHX�]Cn8SHQVt^ZFU=U=[^X.|{Æ8�6k!k��
W�`baGSAwxZxZFQTS{U=QV]�n8[^l=SAl=�ok=aGSHWTSPQT_.t^SAW�`TZFX�z�Sml�SHs.X.SHl�[^X�Y\SAQVwxW�]Hq!YMaGS

add
ZFX8l

delete
QT_.t^SPZ�z�]�n8S

��aGSHQVS$YMaGS��F_8SAQ´p���`TZFXxX.]AY�QTSAY�_8QVX1ZFt^t9n8ZFt^_8SAW�ZFW�W�]A`V[uZFY�SHlf��[^YMa�Y^aGSf`V]AX8WTY\QV_.`TY�W��

óªõ���û�õ9öuþ9ù+÷Iû
û°÷Àü»ý�þKõGÿ , ,�®3¯°¬±¯°²7¯a³
8 87¯���¯����$ZFl=l=WyZ�X.SC� X.]Al=S�¬��5k=aGS�SC�8Y\SAX.Yf]AqM¬,[^W�]HX.t péU�ZFQTY�[^Zjt^t p
l�SHs.X.SAl6zFpJY^aGS{Y�QVZjX.WTqv]AQTwxZFY�[^]HX.�$�»q�X.]�n8ZFt^_8SAW�`VZjXyz�S{l=SAY�SHQVwx[^X.SHl6zjp�ZFX�p��F_.SAQ�pAh%YMaGSHX�YMaRS
WTU=SA`T[^ZFt=n8ZFt^_8S

void
wxZ�p1z	Sy_.W�SAl�qv]AQ���h	]HQ�Y^aGSy�F_.SHQ´p3s.SAtul�]Awx[^Y\Y�SHl�`V]HwxU�t^SHY�SHt pA�P�»qQ®G·�h�YMaRS

t^ZFW�YdX.]Al=S$[^Xã®Hhj[^W�]Hq�YMp8U=S�²��
list
hFY^aGS�U�]HWT[uY�[^]HX��F_8SAQ´p��mwx_.WTY=z	S�U�QT]Cn8[^l=SAl=�

ó �;ýmöIû7ô/÷!�7û
ù+÷Iû
û°÷ÀüjýÀþKõGÿ , ,�®>¯�¬±¯°²7¯a³
8 8;¯���¯�����l=SAtuSAY�SHWGZjXySC�8[^W�Y�[uX.|�X.]Al=S)¬��+à�X.t~p�WT]Hw1S!n8ZFt^_.SHWG]Hq>¬mwxZ�p
z�S�QVSHWTY\]AQVSHl$zFp�YMaGS6Y\QVZFX8WTqv]AQTw1ZjY�[^]HX.�8k=aGSRn8Zjt^_.S

void
wxZ�p�z�S�_8WTSHlf��aGSAQTSfX.]Rn8ZFt^_.SHW�`VZjX�z	S

l�SHY�SAQTwx[^X.SAl=hA]HQ�YMaGS$�F_.SHQ´p�s.SHt^lP]Awx[^Y�Y\SAl=�.k=aGS$U�]HWT[uY�[^]HX��F_.SHQ´p��Pwx_.W�Y�z�SoU=QV]�n8[^l=SAl�[uq�®9·�h}YMaRS
t^ZFW�Y�X.]Hl�So[^XC®9h}[^W�]Aq=YMp8U=S�²"�

list
���¹U=QV]�n8[^W�]�ZFW�WT]H`V[^ZjY�SAlo��[^Y^a�YMaRSoY\QVZFX.W�qv]AQVwxZFY\[^]AX�[^W�YMaGZFY	YMaRS

¬�l=]ASAW�X.]AY�aGZ�n8S�ZFX}p1`baG[ut^lyX.]Hl�SHW��

��`V`T]AQTl�[^X8|�Y�]1±8��² ZjU�U=QV]HZF`baGhdY^aGSAQTS�S��8[^W�Y�WmZxB9;=¦.;�B9?A;3ü!B9>�<3>�@C>�¦.;3@CBHK8õ�?Gí\£.B9<3K.@C>�£.õÏq�]HQ�S�n8SAQ´p
U=QV[^wx[^Y\[ n8S�Y�QTZFX.W�q�]HQVwxZFY�[u]AXé¬�eJ­!ÄFÄFZ�°���k=aGS�W�ZFwxS�`V]HX.`VSHU�Y�[^W�ZFU=U�t^[uSAl1aGSHQVS � k�Z�z�t^S Í W�aG]���WyYMaRS
QVS�n8SAQTWTS$U�QT[^wx[^Y�[~n8S�Y�QVZjX.WTqv]AQTwxZFY�[^]HX�qv]AQ�SHZF`baxÆ8�6k!k���U=QV[uw1[uY�[ n8SfY�QTZFX.W�q�]HQVwxZFY\[^]AX.�

ý



k!QVZjX.WTqv]AQTwxZFY�[^]HX ¸�SCn8SHQVW�Sok!QTZFX.W�q�]HQVwxZFY\[^]AX
ô õ9öu÷=ø�õ;ù+÷Iû
û°÷Àü»ý�þKõGÿ , ,�®3¯°¬jz�¯�²7¯�³
8 87¯I, ,�®3¯°¬�µG¯°²7¯�³�8 8�� ô õ9öu÷=ø�õ;ù+÷Iû
û°÷Àü»ý�þKõGÿ , ,�®3¯°¬�µ9¯�²7¯�³
8 87¯I, ,�®3¯°¬jzu¯°²7¯�³�8 8��
÷uþ=þ9ù+÷Iû
û°÷Àü»ý�þKõGÿ , ,�®3¯°¬±¯°²7¯a³
8 87¯���¯���� þKõ#� õ;û�õ
ùú÷Iû
û°÷Àü»ýÀþKõGÿ , ,1®3¯�¬±¯°²7¯�³�8 8;¯���¯����
þKõ#� õ;û�õ
ùú÷Iû
û°÷Àü»ýÀþKõGÿ , ,1®3¯�¬±¯°²7¯�³�8 8;¯���¯���� ÷uþ=þ9ù+÷Iû
û°÷Àü»ý�þKõGÿ , ,�®3¯°¬±¯°²7¯a³
8 87¯���¯����
õ���û�õ9öuþGùú÷Iû
û°÷Àü»ýÀþGõKÿ , ,1®3¯°¬±¯�²7¯�³
8 87¯���¯���� �;ýsö�û7ô/÷!�7û
ù+÷Iû
û°÷Àü»ýÀþGõGÿ , ,�®3¯°¬±¯�²7¯�³
8 87¯���¯����
�;ýsö�û7ô/÷!�7û
ù+÷Iû
û°÷Àü»ýÀþGõGÿ , ,�®3¯°¬±¯�²7¯�³
8 87¯���¯���� õ���û�õ9öuþGùú÷Iû
û°÷Àü»ýÀþGõKÿ , ,1®3¯°¬±¯�²7¯�³
8 87¯���¯����

k�Z�z�t^S Í�� ¸�SCn8SHQVW�SoY\QVZFX.W�qv]AQVwxZFY\[^]AX
î���Á  'Î%��ÉG�ã&)(p&Ö*G&±Ë%$Õñm&ÖÅ�ÉG�ã���� "�C�@ $ &)(p��*�ÉKÅQÔÖÈãÆ=ñm&ÖÅ¡Î ÔÖÉGÊ�&ÖÈ�Æ

k=aG[^WGWTSH`VY\[^]AXPl=SAW�`VQV[~z�SAWdZ�wxSHYMaG]Hl�]Ht^]A|�p�qv]AQ!l=SAY\SAQVwx[^X8[^X.|�Z�W�SA�F_8SAX.`TSR]Hq}U�QT[^wx[^Y�[~n8S�Y�QVZjX.q�]HQVwxZFY\[^]AX.WVh
`VZjt^t^SAl�Z6ü!K8@C¤�§xK�&	�
ø�[ n8SHX5YM��]xwx]Al=SAtuW�' ZFX.l '(� hGY^aGS1w1SHYMaG]Hl�]Ht^]A|�p5Y\]xl�SHs.X.S�Z�U=ZFYMa8�mZ�p�q�QT]Aw ]AX8S�wx]Al=SAt�' Y\]
ZFX.]HYMaGSHQ�w1]Hl�SHt�'(�F[^W�ZFWoq�]Ht^t^]C��WV�
Í ��Á�]AX.l=_.`VY8Z�z�QVSHZFl=YMa�s.QTWTY	[^Y\SAQVZjY�[^]HXy]Cn8SHQdYMaGSoX.]Al=SAWò¬��9]Aq)'(�¡h�ZFX.l{qv]AQdSHZF`ba�X.]Hl�S�¬��HX8]AY8qv]A_8X.l
[^X*' �
â ZFãP��q±¬��%[^W�]Aq!`T]AwxU=t^SC��Y^p8U�S�h%l=SAY\SAQVwx[^X8S�[^q!Y^aGSAQTS�[^W�Z��F_8SAQ´p+�6]AX+'ÛW�_.`ba�YMaGZjYRY^aGSAQTS�[uW6Z

]AX8S{Y\]P]AX.SPwxZFU=U�[^X8|fz�SAY^��SASHXmn8ZFt^_8SAW6QTSAY�_8QVX.SHl6zFp,��ZFX.l{n8ZFt^_8SAW�ZFW�WT]H`V[^ZjY�SAl�Y�]-¬�� �6��q
YMaRSAQVSf[^WVhFYMaGSHX�ZPX.S��¶X.]Al=S�¬��}[^W�ZFl=l=SAlP[^X.Y\]-' zFp1ZjU�U=t p8[^X.|�Z{QT_.t^S ÷uþKþGù+÷Iû
û°÷ÀüjýÀþKõ h���[^Y^a
YMaRS�W�U�SH`V[^ZFt�q�_.X8`VY�[u]AX

generateId
_.W�SAlJ]AX3Y^aGSfn8ZFt^_8SAW{QVSAY\_.QVX8SAlPzFp.�PY\]y|}SAX8SAQVZjY�SmYMaRS

[^l=SAX.Y\[^s.SHQVW�]Aq�Y^aGSP`V]AwxU=t^SC�JX.]Al=S��$k=aG[^W6qv_.X.`TY�[^]HX�ZF`TY�W�ZjW6Z6�d[^X8l�]Aq�aGZFW�aG[^X8|�qv_.X.`VY\[^]AX8h
��aG[^`´a¹ZFt �yZ�p8W{QVSAY\_.QVX8W�Y^aGS�/�010x�P[ul�SHX.Y�[^s8SAQ6qv]AQ6Y^aGS�W�ZFwxS�[uX.U�_8Y!n8ZFt^_8SAW�h!ZFX8l�ZFt~�mZ�p8W
QVSHY�_.QTX.WQL.ä2/V�bä23.�V��[^l�SHX.Y�[us.SAQTW�q�]HQRl=[^W�Y�[^X8`VYd[^X8U�_.Y�n8ZFtu_.SAW��

â z�ãP��qº¬��.[uW�]Aq!W�[^wxU=t^SyYMp8U=S�h.l=SAY\SAQTw1[uX.SP[^qdYMaRSAQVSP[^W�Z��F_.SHQ´p+�{]HX4'ìW�_.`ba�YMaGZjY�YMaGS$n8Zjt^_.SAW
QVSHY�_.QTX.SAlmzFp �PZFQVSySH�F_.ZFt!Y\]yYMaRSfn8ZFt^_.SHW�ZFW�W�]A`V[uZFY�SHly��[^Y^a ¬��¡���»qGYMaGSHQVSm[^WVh!YMaGSHX3Z�X.SC�
X.]Hl�SM¬ � [^WGZjl�l=SAl6[uX.Y�]5'�zjpmZjU�U=t p8[^X.|$Z�QV_8t^S ÷uþ=þ9ù+÷Iû
û°÷Àü»ý�þKõ hV��[^YMa6��U=t^ZF`TSAl6ZjWGY^aGS��F_.SHQ´p
U=ZFQVYd]Hq.YMaRS�Y�QVZjX.WTqv]AQTwxZFY�[^]HX.�	�»q8YMaGS6�j_.SAQ�p1]AX8t pxQTSAY\_.QVX.W�WT]Hw1S�]Hq.YMaRS�n8ZFt^_.SHW�]Aq¡¬��FYMaRSAX
[^X.W�Y�SHZFly_.W�S õ���û�õ9öuþGùú÷Iû
û°÷Àü»ýÀþGõ �

â `Vã{��q�X8]��F_.SHQ´py`VZFX�z�S�l=SAY\SAQVwx[^X8SAl=hAYMaRSAXm_.W�S õ7�Iû�õGö�þGùú÷Iû
û°÷Àü»ýÀþKõ ��[^Y^a�YMaGSdn8ZFt^_.S void
h���aR[^`ba

[^X.l=[^`TZFY�SHWoY^aGZFY�Y^aGSAQTS6[^WfX.]6wxSHYMaG]HlyY�]�l�SHY�SAQTwx[^X.S�ZFX�p8Y^aG[^X.|PZ�z	]A_.YdY^aGS�[uX.WTY\ZFX.`TSAW$]Aq¡¬��
[^X*' � qvQV]HwÇYMaGS�[uX.q�]HQVwxZFY\[^]AX�[^X*'º�

Éj� à�X.`VSmZFtut�YMaRSy`V]HX.WTY\QV_.`TY�WP]Aq�'(�}aRZ�n8Sfz�SASHX3ZFl=l�SHl�[^X.Y\]yYMaRS�wx]Al=SAt8'ºh�ZFt^tGQVSHl�_.X8l�ZFX8Y�`V]AX8�
WTY\QV_.`TY�W$]Aq�' YMaRZFY�l=]6X.]HYdZFU=U�SHZFQ�[^X6'(�jZFQVS6QTSAwx]Cn8SHl��	k=aG[^W$SAX8Y�ZF[^tuWoZ$z�QTSAZFl=YMa5s8QVW�Y�W�SAZFQT`ba
]Cn8SAQRYMaRS�X.]Al=SAWM¬1]Aq"'ºhFZjX.lmq�]HQ�SAZF`ba�X.]Hl�S�¬���aG[^`ba�l=]$X8]AY!ZFU=U�SHZFQ�[^X*'(� �
â ZFãP��q)¬é[^W�]Hq�`V]HwxU�t^S���Y^p8U�S�hRl=SAY�SHQVwx[^X.Sx[^qoYMaGSHQVSx[^W1Z3�F_.SHQ´p9�1]HX�Y^aGS�`V]HX.W�Y�QV_8`VY�W�]Aq�'(�

[^X 'ìWT_8`ba¥YMaGZjY�YMaGSHQVSm[^W�Z�]AX.SmY\]m]AX.SmwxZFU=U=[^X.|�z	SAYM��SHSAX�n8ZFt^_.SHW6QVSHY�_.QTX.SAl{zjp,��ZFX.l
n8ZFt^_8SAW�ZjWTW�]A`T[^ZFY�SHl�Y\]C¬��y��qGYMaGSHQVSy[^WVh!YMaGSHX3YMaGSyX8]Al=S-¬3[^W�l=SAtuSAY�SHlPzFp5ZFU=U=t p8[^X.|1Z�QV_8t^S
þKõ#� õ;û�õ
ùú÷Iû
û°÷Àü»ýÀþKõ hF��[uYMa�YMaGSmqv_.X.`TY�[^]HX generateId

_.W�SAl�]AX�YMaGSon8ZFtu_.SAW6QTSAY\_.QVX.SHl{zFp,��Y\]
QVSHWTY\]AQTS$Y^aGSRn8ZFt^_8SAW�]Hq+¬��

â z�ãP��q¡¬�[^W$]Aq�WT[uw1U=t^S6Y^p8U�SAhjl=SAY�SHQVwx[^X.S�[uq8YMaRSAQVS�[^WoZ��F_.SAQ�p��f]HX�YMaGS�`V]AX8WTY\QV_.`TY�W$]Aq�'(��[^X�'
W�_.`baºY^aGZFYoYMaGS6n8ZFt^_.SHW�QTSAY�_8QVX.SHlPzFp.�PZFQTS�SA�j_.ZFt!Y�]�YMaGS6n8ZFt^_.SHW�ZjWTW�]A`T[^ZFY�SHly��[uYMa ¬��1��q

Å
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k

Ë	[u|}_.QVS�Î � �,Æ��6k!kj��WT`´aGSAwxZPq�]HQ�ç+µ

YMaRSAQVS�[^W�h}YMaRSAXyY^aGS�X.]Hl�S)¬m[uWRl=SAtuSAY�SHl�qvQV]Hw:' zFp�ZjU�U=t p8[^X.|fZ�QV_.t^S þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõ hT��[^Y^a
�$Y�]�QTSAW�Y�]AQTS�YMaGSRn8Zjt^_.SAW�]Aq�¬��	��q.YMaGS��j_.SAQ�p1]AX8t pxQTSAW�Y�]HQVSAW�WT]Hw1S�]Hq�YMaGSRn8Zjt^_.SAWo]Aq+¬xYMaRSAX
�;ýsö�û7ô/÷!�7û
ù+÷Iû
û°÷Àü»ýÀþGõ [^Wo_.WTSHlm[^X.W�Y�SHZFl��

â `Vã{��qoX8]��F_8SAQ´p�`TZFX3z�S�l�SHY�SHQVwx[^X.SHl�h�Y^aGSAX�_8WTS �;ýsö�û7ô/÷!�7û
ù+÷Iû
û°÷Àü»ý�þKõ ��[uYMa¶Y^aGSyn8Zjt^_.S void
h

��aG[^`´a�[^X.l=[^`VZjY�SAW�Y^aGZFY	YMaGSHQVS�[^W�X.]owxSAYMaR]Al�Y\]�QTSAW�Y�]AQTS�Y^aGS�[^X8WTY\ZFX.`VSHW�]Aq3¬m[^X;'ÕZFqvY�SHQ�YMaRS
l=SAt^SHY�[^]HX.�

��`V`T]AQTl�[^X8|{Y\]�Y^aGS{w1SHYMaG]Hl�]Ht^]A|�pAh�YMaGS�U�ZjYMa.�yZ�p�`V]HX.W�[^WTY\W�]Aq�Z�|}QT]C��[^X8|{UAaGZFW�S���aGSAQTS6YMaGS{X.S��¿`V]AX8�
W�Y�QV_8`VY�W�ZjQVSPZFl=l�SHl�Y\]�Y^aGS�wx]Hl�SHt.[^XJWTY\SAU Í h.qv]At^tu]C��SAl6zFpJW�aGQT[^X��d[^X.|yUAaGZFW�S���aGSAQTS�YMaRS�QTSAl=_.X.l=ZFX.Y
`V]HX.W�Y�QV_8`VY�W�ZFQVS�QTSAwx]Cn8SHl�[^XxW�Y�SHUyÉF�

î���� <�=@ÔÖÎÏÄp*G�¨&±ñ@�-Å�ÔÖÈ�Æ=ñm&ÖÅjÎ%ÔÖÉKÊ=&ÖÈãÆ

Ã8_8U�U=]AW�So��S��yZFX8YRY\]m[^X.Y\SA|}QVZjY�SmYMaRS{l=ZFY\Z�WT]H_.QV`TSAW�ç z Ë�[^|}_.QTS Í�â ZFã%��[^Y^a�ç µ Ë	[u|}_.QVS Í�â z�ãv�6Ë�[^QVW�Y�]Hq
ZFt^tuh�ç z ZFX.l�ç µ ZjQVSyQTSAU=QVSAW�SAX8Y�SAl�[uX�YMaGS�Æ8�6k!k��µwx]Hl�SHt	ZjW{W�aG]���XJ[uX�Ë�[^|}_.QVSmÉ�ZFX.l�¯�q�]HQ�ç z ��k�]
QVSHU�QTSAW�SAX.Y�ç µ [^X3YMaRSfÆ8�6k!k��Çw1]Hl�SHt^h	YMaGSm`T]A_.QTWTSySHX.Y�[uYMp3[^W�l=SAs8X.SAl�ZFW{Z�`V]HwxU�]H_.X.l�X.]Hl�S

courseZFW�WT]H`V[^ZjY�SAl���[^Y^a5ZyQV]H]AYdX.]Hl�SA�!k=aGS6`V]H_.QVW�S6`T]Al=S�[^Wfl�SHs.X.SAlmZjW$ZjX�ZFY�]Hw1[u`�X.]Hl�S
code

��aGSHQVSHZFW�YMaRS
W�Y�_.l=SAX.Y�QVSA`T]AQTl�[^W�l=SAW�`VQT[ z�SHl�ZFW{Z�`V]AwxU=]A_.X8l�X.]Al=S

student
�m±�]HYMa

code
ZFX.l

student
ZFQVS�QVSAU=QVSH�

W�SAX.Y\SAl�ZjW$`´aG[^t^l1X.]Al=SAW$]Aq
course

��Ã�[^X.`VS�YMaGS�n8ZFt^_.S�]Aq
code

[^Wf_.X.[^�F_8SAt p�[^l=SAX.Y\[^YMp�Z�`V]A_8QVW�S6QVSH`V]AQTl
[^X�ç�µ�h

code
[^WRl�SHWT[^|}X8ZFY�SHl�ZFWRZ�U=QV[^wxZFQ�pf�!S�pyX.]Al=S�[^XyY^aGS!Æ���k!k��¥W�`baGSHw1Z�]Hq%ç�µ���k=aGSoZFY�Y\QV[ z�_8Y�SAW�]Hq

YMaRS�W�Y�_.l=SAX8YGSHX.Y�[^Y^pAhH��aG[^`ba,ZjQVS{YMaGS{WTY\_.l=SAX.YRX.ZFwxS�h=YMaGS{W�Y�_.l=SAX.YRW�SC�8h%YMaGS�p8SAZjQ�W�Y�_.l=SAX.YRZFY\Y�SAX8l�SHl
YMaRSm`V]A_8QVW�S{ZjX.l�YMaRSm|}QVZFl=SPYMaGSH[^Qf]Cz�Y\ZF[^X.SHl�h�ZFQVSml=SAs.X8l�SHl1ZjW�ZFY\]Awx[^`�X.]Hl�SHW

name
h

sex
h

year
ZFX.l

grade
_.X.l=SAQ

student
�

Ë�[^|}_.QTS�Î�ZFX.léÐ�W�aG]���WxYMaGS�Æ8�6k!k�� W�`baGSHw1Z,ZFX.léYMaRS�Æ��6k!kj� l�ZFY\Z,qv]AQ�ç+µV����W�`VZjX3z�S�W�SASAX8h
YMaRSfÆ8�6k!k��Çw1]Hl�SHt�q�]HQ�ç¡z$ZFX8lJç+µ�ZFQVSyW�SAwxZFX8Y�[^`TZFt^t p�aGSHY�SHQV]A|}SHX.SA]H_.W�z�SA`TZF_.W�SyYMaGS�WTZFwxS�`V]AX8`VSAU=Y
[^WyQTSAU=QVSHWTSHX.Y�SHl�_.W�[^X.|�l�[uq�qvSAQTSAX.Y$wx]Al=SAt^t^[uX.|�`V]HX.WTY\QV_.`TY�W��3k�]�[ut^t^_.W�Y�QTZFY�S�Y^aGSx_.WTSx]Hq�YMaGSxU=QV[^wx[^Y\[ n8S
Y�QTZFX.W�q�]HQVwxZFY\[^]AX.WVh���Sf|}[ n8SRaGSAQTSoZmY\QVZFX8WTqv]AQTw1ZjY�[^]HX�U=ZFYMa8�mZ�p�YMaRZFY!Y�QTZFX.W�q�]HQVw¿Y^aGSRÆ8�6k!k��ÏWT`baRSAwxZ
> z ]Aq8ç z Y\]�YMaGSGÆ���k!k��ÏWT`´aGSAwxZ > µ ]Aq8ç µ �
�{WT[^X8|{]H_.Q�wxSAY^aG]Al=]At^]H|�pAhT��S6wx_.WTY�s.QVW�Y�[^l=SAX8Y�[^q¡p�aR]C�µY�]6ZFl=lyX.]Hl�SHW�Y�] > z�YMaGZFYGZFU=U�SHZFQ�[^X > µV�!Ë�]HQ
[^X.W�Y�ZjX.`VS�hj[^X > µ�Y^aGSAQTS$ZjQVS

code
X.]Al=SAW�Y^aGZFY!`V]HQVQTSAW�U�]HX.l�W�Y\]�[^X.W�Y�ZFX.`TSAWo]Aq

code
X.]Al=SAW�[^X > z��

Ä



{7|~}h�a���

���� ���G} � � ��� � ���9} � �

� �a��� � ���9�I���G� � �a��� ��� � ���9�I���G� ��� � ���G���a�9�

��� � � �9�
� ��� � � ��� �;� � } �
} � ��� �� j� � �

��� � � ��� �;� � } �
} � ��� � ��� � � �a� �;� � } �;} � �I�

��� � }h�� � �E� �9�
��� � ��� �E� � � ��� � ��� � }h�� � �E� �9�

��� � ��� �E� � ¢ ��£ � ��� �a� ���� � ��� �
� ��� �E� � � ��� �

Ë�[^|}_.QTSfÐ � ��Æ8�6k!k���l=ZFY\Z{qv]AQ�ç+µ

k�]1WT[^wxU=t^[^q¡p�YMaGS�U�QTSAW�SAX.Y\ZFY�[^]HX3]AqRQV_.tuSAW�h=��Sf��[ut^td_.W�S�Y^aGS�qv_.X.`TY�[^]HX.W�z	SAt^]���Y\]�QTSAU=QVSAW�SAX8Y��F_.SHQV[^SHW
]Cn8SHQmYMaGSmÆ8�6k!k���wx]Hl�SHt^W��éË�]AQ�SC�8ZFwxU=t^S�hRZ3q�_.X8`VY�[u]AX@?,Y�SAtut^W6aR]C� Y�]�|}SHY�Z�`V]Hl�S�]Hq�YMaRS�`V]H_.QVW�S
W�Y�_.l=SAX.YGZFY�Y\SAX.l=SAl�[^X > z �8��q�_8X.`VY\[^]AX�A�Y�SHt^t^W�aG]C�ÇY�]�|}SAYGZyX.ZFwxS6]Hq�W�Y�_.l=SAX8YdZFY�Y\SAX.l=SAl�YMaGS�`V]H_.QVW�S
[^X > µ ��T{]AY\S�YMaRZFY���aGSAX�W�`baGSHwxSAW�]Aq	YMaRS�`T]AX.W�Y�QT_.`VY\W�ZFU�U=SAZjQ�[^XJZ��F_8SAQ´pAhH��S{wxZ�p�]Awx[^YRYMp8U=SAWfZFX.l
`VZjQVl=[^X.ZFt^[uYMp�`V]AX8WTY\QVZF[^X8Y�W�hFZjX.ly_.W�S", ,1®3¯°¬¡8 8�[^X.W�Y�SHZFly]Aqº, ,�®>¯�¬±¯°²7¯a³
8 8	Y\]�QVSHU�QTSAW�SAX.Y	Z$Æ8�6k!k���X8]Al=S!¬��

B�C�D ? � D=,�E¡¯�FÀ8HGm,JIu¯�Eú8�K�, ,
root, student

8 8;¯
,JEj¯�L!8HKV, ,

root.student, course
8 8;¯

,JL#¯�Fm8�KV, ,
root.student.course, code

8 8;F

M � D=,�E¡¯�F3¯�N>¯�Lp¯�O�8HGÀ,�Iu¯�E38HKâ, ,
root, student

8 8;¯
,JEj¯�Fm8PK�, ,

root.student, name
8 8
¯

,JEj¯�NÀ8�KV, ,
root.student, sex

8 8;¯
,JEj¯�Q+8PK�, ,

root.student, course
8 8
¯

,JQ»¯�L�8�Kâ, ,
root.student.course, year

8 8
¯
,JQ»¯�O�8RK�, ,

root.student.course, grade
8 8;F

BTSUD A � D=,JEj¯�Fm8HGÀ,�Iu¯�Eú8PKV, ,
root, course

8 8;¯
,JE¡¯�O=8PK�, ,

root.course, student
8 8
¯

,�O>¯�Fm8PKâ, ,
root.course.student, name

8 87F

V � D=,JEj¯�Fú¯�N3¯�L#¯�O�8HGÀ,JIu¯�E38�K�, ,
root, course

8 8
¯
,JE¡¯�Fm8�Kâ, ,

root.course, code
8 8

,JE¡¯�Qú8HKâ, ,
root.course, student

8 8
,JQ»¯�NÀ8PKV, ,

root.course.student, sex
8 87¯

,JQ»¯�L!8�KV, ,
root.course.student, year

8 8;¯
,JQ»¯�O�88K�, ,

root.course.student, grade
8 87F

±�SAtu]C�³[uW�ZmU�ZjYMa.�yZ�p1]Hq�Y�QTZFX.W�q�]HQVwxZFY�[u]AX.W�]HX�Y^aGSGÆ8�6k!k���wx]Hl�SHt > zRY�] > µ��

Í ®



W K.@C¤�§xK�& > z ¥ > µ
1 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root, course, list,

N98 8
¯;DK,�X-Ym¯�Eú8HGÀ,JFú¯�O=8PK�?�Z;E �@[�\^]_\a`cb!d�\aegf ÿ ,�X-Ym¯�O=8g�7Fh�
2 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course, code, string,-

8 8;¯;D=,�E¡¯�O=8HGÀ,�Fú¯�O�8PKT?UZ;E ��[i\a]_\^`�b#d�\aegf ÿ ,�X-Ys¯�O�8g�äF
¯ b#]kj �

3 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course, student, list,+
8 8
¯;D=,�Ej¯�Fm8HGÀ,JL#¯�O�8�KT?UZ;E ��[i\a]_\^`�b#d�\^egf ÿ ,�X-Ys¯�O�8g�

Zè,�Lp¯�Q»¯ ¯ ¯ 8PK M ZlF ��[i\a]_\^`�b#d�\aegf ÿ ,�O>¯�Q+8g�äF=¯ b#mnd�\a` ÿ , , root.course, code
8 8����

4 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course.student, name, string,-
8 87¯
D=,JEj¯�Fm8HGÀ,�Qj¯�Fú¯ ¯ ¯ 8HK M Zâ,�Qj¯�O=8RK*?

Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b�]kj �
5 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course.student, sex, string,?

8 8
¯;D�,JEj¯�Fm8HGÀ,�Qj¯ ¯�Fú¯ ¯ 8PK M Zâ,JQ»¯�O�8RKT?
Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b�]kj �

6 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course.student, year, integer,
8 87¯
D=,JEj¯�Fm8HGm,�Qj¯ ¯ ¯�Fú¯ 8HK M Zâ,�Qj¯�O=8RK*?

Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b#mnd�\^` ÿ , , root.course.student, sex
8 8����

7 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course.student, grade, string,
8 8
¯;D=,JE¡¯�Fm8%GÀ,JQ»¯ ¯ ¯ ¯�Fm8PK M Zâ,�Q»¯�O�8RKT?

Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b#mnd�\^` ÿ , , root.course.student, year
8 8����

8 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.student.course, grade, string,
8 87¯
D=,�E¡¯�Fm8%Gm,JQ»¯ ¯ ¯ ¯�Fm8PK V Zâ,�Qj¯�O=8RK*A

Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b#mnd�\^` ÿ , , root.student.course, year
8 8����

9 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.student.course, year, integer,
8 8
¯;D�,JE¡¯�Fm8HGÀ,�Q»¯ ¯ ¯�Fú¯ 8PK V Z¤,�Q»¯�O�88K�A

Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b#mnd�\^` ÿ , , root.student.course, code
8 8����

10 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.student.course, code, string,-
8 87¯
D=,JEj¯�Fm8HGm,�Qj¯�Fú¯ ¯ ¯ 8HK V Zâ,JQ»¯�O�8RKTA

Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b�]kj ���
11 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.student, course, list,+

8 8
¯;DK,�E¡¯�Fm8%Gm,JLp¯�O=8PK*AoZ;E �@[�\a]p\a`cb!d�\^egf ÿ ,�X-Ym¯�O�8g�
Zè,�Lp¯�Q»¯ ¯ 8PK V ZqF ��[i\a]_\^`�b#d�\aegf ÿ ,�O>¯�Q+8g�äF=¯ b#mnd�\a` ÿ , , root.student, english score

8 8����
12 �;ýmöIû7ô/÷!�7û
ù+÷Iû
û°÷ÀüjýÀþKõGÿ , , root.student, english score,?

8 87¯�r�sit f ¯ b!mnd�\a` ÿ , , root.student, sex
8 8����

13 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.student, sex,?
8 87¯
D=,JEj¯�Fm8%GÀ,�Qj¯ ¯�Fú¯ ¯ 8HK V

Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�X-Ys¯�Fm8g�äFK¯ b!mnd�\a` ÿ , , root.student, name
8 8����

14 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.student, name, string,-
8 8
¯;DK,�E¡¯�O=8HGÀ,�Fú¯�O�88K*AoZ;E �@[�\^]_\a`cb!d�\aegf ÿ ,�X-Ym¯�O=8g�7F

¯ b#]kj �
15 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root, student, list,

NG8 8
¯;D=,�X-Ym¯�E38HGÀ,�Fú¯�O�8RKTAoZ;E ��[�\^]_\a`cb!d�\aegf ÿ ,2X-Ym¯�O=8u�7Fh�

��X�Y\QVZFX8WTqv]AQTw1ZjY�[^]HX
1
h8ZxX.S��

course
X.]Hl�S{[^X > µf[^W6ZFl=l�SHlx[^X.Y�] > zC��Ã�[^X.`TS

course
[^W6]Hq!`V]AwxU=t^SC�

YMp8U=S�h�[uY�WxSC�8Y\SAX.Y\W�h���aG[^`´a³ZFQTS�[^X.Y\SA|}SHQy[^l=SAX.Y\[^q�SHQVW�h�l�SHU�SHX.l�]AX¥l�[^W�Y�[uX.`VYP`V]H_.QVW�S�SHX.Y�Q�p¥[^X > z ����X
]AQTl�SHQ�Y\]�|}SAX8SAQVZjY�S�Y^aGS�[ul�SHX.Y�[^s8SAQVWf]Hq

course
qv]AQoSCn8SAQ�p�l�[^W�Y�[uX.`VY�`V]H_.QVW�S�SHX.Y�Q�p�[^X > z h�YMaGS�q�_.X8`VY�[u]AX

generateId
[uW$Y^aGSAX�_.WTSHl��R��X�YMaRS�Y\QVZFX.W�qv]AQVwxZFY\[^]AX8h�X.]�U�]HWT[uY�[^]HX��F_.SHQ´p�[^W�QVSH�F_.[^QTSAl�WT[^X8`VS

root
[^Wf]Hq

set
YMp8U=S��

k!QVZjX.WTqv]AQTwxZFY�[^]HX
2
U=SAQTq�]HQVwxW6Z�W�[^wx[^t^ZFQ�U�QT]A`TSAW�W6Y�]yl=SAs8X.SmZ

code
X.]Al=Smt^[^X��dSHl�Y�]

course
�{k=aRS

SC�8Y\SAX.Y	]Aq
code

[^W�YMaRS�n8Zjt^_.SAW�QTSAY�_8QVX.SHl�zjpT?mqv]AQRYMaGS
code

[^X > z hjZFWTW�]A`T[^ZFY\SAlmY�]fY^aGSoW�ZFwxSf[^l=SAX.Y\[^q�SHQ
YMaRZFY���S�|}SAX8SAQVZjY�SAl�[^X

1
�.Ã�[^X.`TS

code
[uW�YMaGSos.QVW�Y�WT[ z	t^[^X.|6]Hq

course
��aG[^`ba�[^W�]Aq=YMp8U=S

list
h}[uY�W�]HQVl=SAQ

[^WoWTSHY!Y�]
any

�
k!QVZjX.WTqv]AQTwxZFY�[^]HX

3
WTY\ZFY�SHWyYMaGZjY�Z�X.S��

student
X.]Hl�S1[^WyZFl=l=SAl�q�]HQ�S�n8SAQ�p,ZFU=U�QT]AU=QV[^ZFY\S�W�Y�_.l=SAX8Y

SAX8Y�Q´p�[uX > z h�ZFW�WT]H`V[^ZFY\SAlPY�]$YMaRS
course

X.]Hl�S�|}SHX.SAQTZFY�SHl�[^X
1
�8k=aGSoX8SC�×X.]Al=SAWRZFQTS�U=_.Y�Zjq�Y\SAQ

code
�

��X�Y\QVZFX.W�qv]AQVwxZFY\[^]AX
4
�

7
h�X.SC�¶X8]Al=SAW

name
h
sex

h
year

ZFX.l
grade

ZjQVS$ZFl�l=SAl{[^X.Y\] > z��8k=aGSdn8Zjt^_.SAW
]Aq8YMaGS6X8SC�µX.]Al=SAW

name
h

year
ZFX8l

grade
ZFQTS�SA�F_.Zjt�Y�]6Y^aG]AW�S6]Aq8SC�8[^W�Y�[^X8|{X8]Al=SAW�[^X > µ h

name
h

sex
h

year
ZFX.l

grade
QVSHWTU=SA`TY�[ n8SHt pA�

ÍFÍ



à�X.`TS�ZFt^t.X.S�� X8]Al=SAW�]Hq > µ�ZFQTS6ZFt^t.Zjl�l=SAl=��k=aG[^W$w1SHZFX.WoYMaGS6|}QT]C��[^X8|�UAaGZFW�S6[^W$`V]AwxU=t^SAY\SAlyZjX.lyYMaRS
W�aGQV[^X}�![uX.|�UAaGZFW�S�[^WoWTY\ZFQVY\SAl=�»T{]C� YMaGS�X8]Al=SAW�]Hq > z8��aR[^`ba�[^W$QVSAl=_.X.l=ZFX.Y�ZFX8lyl�]fX.]HYdZFU=U�SHZFQ�[^X > µ
`VZjXyz�SPQTSAwx]Cn8SHl���ù�SmX.]AY\S�Y^aGZFY�YMaGSHQVSPZFQTS�[^X8WTY\ZFX.`VSHW6]Aq�ZxX.]Hl�S

grade
]Hq > zoqv]AQ$SCn8SAQ�p�X.S�� X.]Al=S

grade
]Aq > µ���k=aGS�U�ZjYMa�Y�]�W�_.`ba

grade
X.]Al=SAW�[^X > µ�[^Wo[^l�SHX.Y�[us.SAlozFp�YMaGSf�F_8SAQ´pxq�_8X.`VY\[^]AX V Z�z�]�n8S��

k!QVZjX.WTqv]AQTwxZFY�[^]HX
8
_8WTSHW�YMaGS{�F_.SHQ´p�qv_.X.`TY�[^]HX V Y�]PQVSHw1]�n8S

grade
X.]Al=S�]Hq > z�h._.W�[^X.|y[^X8q�]HQVwxZFY�[u]AX

YMaRZFY%��[^t^tHz�SfU=QVSHWTSHX.Y![^X > µ�Y\]�QVSHWTY\]AQVSHW�[^Y�Wdn8ZFt^_.SHW��
��XxY�QVZjX.WTqv]AQTwxZFY�[^]HX

9
ZFX.l

10
hFZmW�[^wx[^t^ZjQ�U�QT]A`TSAW�W�Y�]�Y�QTZFX.W�q�]HQVwxZFY\[^]AX

8
[uW�U=SAQVqv]AQTwxSAl{Y�]�QVSHwx]Cn8S

year
ZFX.l

code
]Aq > z��.k=aGSdn8ZFt^_.SHWG]HqjY^aGS�l=SAt^SHY�SHl�X.]Hl�SHW�`VZjXfz�S�QTSAW�Y�]HQVSAl�_.W�[^X.|�YMaRS��F_.SHQ´pyWTU=SA`T[^s.SHl

[^XxYMaRS�Y�QVZjX.WTqv]AQTwxZFY�[^]HX.W��
±�SAqv]AQTS�l�SHs.X.[^X.|$Y�QTZFX.W�q�]HQVwxZFY\[^]AX

11
Y�]�l=SAtuSAY�S�Z�`T]AwxU=t^SC�mX.]Al=S

course
hHS�n8SAQ�p{`baG[ut^l�X8]Al=SR]Hq

courseW�aG]A_.tul6z�S{QVSHwx]Cn8SAl�s.QVW�Y���k=aGS�n8ZFt^_8SAW$]Aq
course

`VZFXmz�S�QTSAW�Y�]HQVSAl�_.W�[^X.|yY^aGS�qv_.X.`TY�[^]HX
generateId��aG[^`´a3QTSAY\_.QVX.W�Y^aGS�[^l=SAX.Y\[^s.SHQVW�]Aq�Y^aGS�l=[^WTY\[^X.`TY=n8ZFt^_.SHW�]Aq

code
ZFX.l

name
�

Ã8[uX.`VSPYMaRS�[^X8WTY\ZFX.`VSHW�]Aq�YMaRS
english score

X.]Hl�S�[^X > z `VZjX.X.]AY8z�S{QVSHWTY\]AQVSHlxq�QT]Aw�YMaRS�[^X8q�]HQVwxZFY�[u]AX
[^X > µ�hjZjX

contractYattaNode
Y�QTZFX.W�q�]HQVwxZFY\[^]AX���[^YMa�X.]f�F_8SAQ´pxs.SAtulm[^W�_.W�SAlm[uX1Y\QVZFX8WTqv]AQTw1ZjY�[^]HX

12
�

k!QVZjX.WTqv]AQTwxZFY�[^]HX
13
h

14
ZFX8l

15
QVSHw1]�n8S

sex
h

name
ZFX.l

student
X.]Al=Sm[^X > z QVSAW�U=SA`VY\[ n8SAt~pA�{k=aRS

n8ZFt^_8SAW�]Hq�YMaGSfl=SAt^SHY�SAlmX8]Al=SAW�`VZjX�z	S$QTSAW�Y�]HQVSAlmqvQV]HwÇYMaRS�X.SC� X.]Al=SAW
sex

h
name

ZFX.l
student

]Hq > µ �
Â�_.S�Y\]�YMaGS�QTSCn8SHQVW�[ z�[^t^[uYMp�]Aq�Y\QVZFX.W�qv]AQVwxZFY\[^]AX8W�h�Y�QVZjX.WTqv]AQTwxZFY�[^]HXéU�ZFY^a.�yZ�p8WyZFQTS�¢	>�ú�I!>�B9;=EF@C>�£.õGK.À��
k=aG_.W�Y^aGS{Y�QVZjX.WTqv]AQTwxZFY�[^]HX�U=ZFYMa8�mZ�pJq�]HQ�YMaRS{wxZFU=U=[^X.|mqvQV]Aw > µ�z�ZF`b��Y�] > z�`TZFXyz	S�ZF_8Y�]AwxZFY\[^`VZjt^t p
l=SAQV[~n8SAl=��±�SAt^]��¶|}[ n8SAW�YMaGSfQVS�n8SAQTWTSfY�QTZFX.W�q�]HQVwxZFY\[^]AX1]Aq > z ¥ > µ��

W K.@C¤�§xK�& > µ ¥ > z

15 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root, student, list,
N98 8;¯
DK,2X-Ym¯�Eú8�Gm,JFú¯�O=8RK�AvZ
E ��[i\a]_\^`�b#d�\^egf ÿ ,�X-Ys¯�O�8u�äF!�

14 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.student, name, string,-
8 87¯;D�,JEj¯�O�8HGÀ,JFú¯�O�8PK�AoZ;E �9[i\a]_\^`�b#d�\aegf ÿ ,�X-Ys¯�O�8u�äF

¯ b#]kj �
13 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.student, sex,?

8 8
¯;DK,�E¡¯�FÀ8wGÀ,JQ»¯ ¯�F3¯ ¯ 8PK V
Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�X-Ys¯�Fm8g�äFK¯ b!mnd�\a` ÿ , , root.student, name

8 8����
12 õ���û�õ9öuþ9ù+÷Iû
û°÷Àü»ý�þKõKÿ , , root.student, english score,?

8 8
¯�ris�t f ¯ b!mnd�\a` ÿ , , root.student, sex
8 8����

11 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.student, course, list,+
8 8
¯;D=,�Ej¯�Fm8HGÀ,JL#¯�O�8�KTAvZ
E �9[�\^]_\a`cb!d�\aegf ÿ ,�X-Ym¯�O=8��

Zè,�Lp¯�Q»¯ ¯ 8PK V ZqF ��[i\a]_\^`�b#d�\aegf ÿ ,�O>¯�Q+8g�äF=¯ b#mnd�\a` ÿ , , root.student, english score
8 8����

10 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.student.course, code, string,-
8 8
¯;DK,�E¡¯�FÀ8wGÀ,JQ»¯�Fú¯ ¯ ¯ 8PK V ZU,�Qj¯�O=8RK*A

Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b�]kj ���
9 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.student.course, year, integer,

8 87¯
D=,JEj¯�Fm8HGm,�Qj¯ ¯ ¯�Fú¯ 8HK V Zâ,JQ»¯�O�8RKTA
Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b#mnd�\^` ÿ , , root.student.course, code

8 8����
8 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.student.course, grade, string,

8 8
¯;D=,JE¡¯�Fm8%GÀ,JQ»¯ ¯ ¯ ¯�Fm8PK V Zâ,JQ»¯�O�88K*A
Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b#mnd�\^` ÿ , , root.student.course, year

8 8����
7 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course.student, grade, string,

8 87¯
D=,�E¡¯�Fm8%Gm,JQ»¯ ¯ ¯ ¯�Fm8PK M ZU,�Qj¯�O=8RK*?
Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b#mnd�\^` ÿ , , root.course.student, year

8 8����
6 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course.student, year, integer,

8 8
¯;D�,JE¡¯�Fm8HGÀ,�Q»¯ ¯ ¯�Fú¯ 8PK M Zâ,JQ»¯�O�8RKT?
Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b#mnd�\^` ÿ , , root.course.student, sex

8 8����
5 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course.student, sex, string,?

8 8
¯;DK,�E¡¯�FÀ8HGm,JQ»¯ ¯�Fú¯ ¯ 8PK M Z¤,�Q»¯�O�88K�?
Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b�]kj �

Í É



4 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course.student, name, string,-
8 8
¯;DK,�E¡¯�Fm8HGÀ,JQ»¯�Fú¯ ¯ ¯ 8PK M Zâ,JQ»¯�O�8RKT?

Z�E �9[�\^]_\a`cb!d�\aegf ÿ ,�O>¯�Fm8g�7FK¯ b�]kj �
3 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course, student, list,+

8 8
¯;DK,�E¡¯�Fm8%Gm,JLp¯�O=8PK*?UZqE �@[�\^]_\a`cb!d�\aegf ÿ ,2X-Ym¯�O=8u�
Zè,�Lp¯�Q»¯ ¯ ¯ 8PK M ZlF ��[i\a]_\^`�b#d�\aegf ÿ ,�O>¯�Q+8g�äF=¯ b#mnd�\a` ÿ , , root.course, code

8 8����
2 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course, code, string,-

8 8;¯
DK,�Ej¯�O�8HGÀ,JFú¯�O=8RK*?�Z
E �@[�\^]_\a`cb!d�\aegf ÿ ,2X-Ym¯�O=8u�7F
¯ b#]kj �

1 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root, course, list,
NG8 8
¯;D�,�X-Ys¯�E38HGm,JFú¯�O�8RK�?UZ;E ��[i\a]_\^`�b#d�\^egf ÿ ,�X-Ys¯�O�8g�äFh�

î���î x¤Ðã�+Å"$Ó�-Å�ÔÖÈ�Æ=*GÔ±ÉGÊ=&±È�Æ

Ë�QV]Hw YMaRS{U=ZFY^a.�yZ�pAh.�F_.SHQV[^SHW6U�]HWTSHlx]AX > z `TZFX�z�SmZF_.Y\]AwxZFY\[^`VZFtut p�Y\QVZFX8WTt^ZjY�SAl�[^X.Y�]m�j_.SAQT[^SAW�]HX > µ h
ZFX.lJ<Häv�V��<9�ay7/�0��.Ë�]HQ�SC�8Zjw1U=t^S�h�ZPW�[^wxU�t^S��j_.SAQ�p�zo{!|�]AX > z ZFW��dWoq�]HQRZjt^t�WTY\_.l=SAX.Y�X.ZFwxSHW�[^X�ç z �
z { | � D^E�GÀ,�Fú¯�O�88KV, ,

root, student
8 8�Zâ,�Os¯�E38PKV, ,

root.student, name
8 87F

k=aGSf�F_.SHQ´p*z { |!`TZFX�z�SfY�QVZjX.WTtuZFY�SHly[^X.Y\]$Y^aGSfSA�F_8[ n8ZFt^SHX.Y��F_.SAQ�pTz {~} ]AX > µ�zjp1W�_�z�W�Y�[^Y\_.Y�[^X8|{l=SAtuSAY�SHl
`V]HX.W�Y�QV_8`VY�W$ZFU=U�SHZFQV[uX.|P[^X6z { |»�Rk=aGS�, ,

root, student
8 8dZjX.lâ, ,

student, name
8 8dZjQVS�QTSAU=t^ZF`TSAl�zjp�Y^aGSA[uQ

QVSHWTY\]AQT[^X.|{�F_.SAQ�px[uX�YMaGS�Y\QVZFX.W�qv]AQVwxZFY\[^]AX8W
15
ZFX.l

14
ZFX.lyU=SAQTq�]HQVwxSAlPW�]AwxS6t^]H|}[^`VZjt=W�[^wxU=t^[^s.`TZFY�[^]HX

Y�]�|}[~n8S �
zv{ } � D^E�GÀ,�Fú¯�O�88KV, ,

root, course
8 8�Z¤,�Fú¯�L!8PK�, ,

root.course, student
8 8

Z�,�Lp¯�E38�K�, ,
root.course.student, name

8 8�Z;L �@[�\^]_\a`cb!d�\aegf ÿ ,�X-Ym¯�E38��äF

î��2� � ÔÖÈã(�*7Ê
È¼Ë�<~ð@&Ö*7Ð¼ÉGÊ�&ÖÈÏÊ�È×�� "�C�@ %�-Å�ÔÖÈ�Æ=ñm&ÖÅjÎ%ÔÖÉKÊ=&ÖÈãÆ

��`V`T]AQTl�[^X8|�Y�]xYMaRS1±���² ZjU�U=QV]HZF`baº¬veJ­!®F¯j°vhGY^aGSxSCn8]Ht^_.Y�[u]AX�]Hq�WTSHw1[uWTY\QV_.`TY�_.QTSAl3l=ZFY�ZJWT]H_.QV`TSAWm`TZFX
z�S$aGZjX.l�tuSAl{zFp�[^X.`TQVSHw1SHX.Y�Zjt^t pJS��8Y�SHX.l�SHlxZFX.l�wx]Al=[^s.SHlxU�ZFY^a.�yZ�p8W��{Ã8_.U=U�]HWTSP[^X8q�]HQVwxZFY�[u]AXJZ�z�]A_8Y
Y�_8Y�]AQTW�[^W�ZFl=l�SHl�[^X8Y�]�Y^aGS$WT]H_.QV`TS$ç¡zCh}Z�Æ8�6k!k��¹W�`baGSHw1Z > �z hT��aG[^`ba�[^X.`�t^_8l�SHWGX.S���[^X.qv]AQTw1ZjY�[^]HX

tutorX.]Hl�S�h�[^WoW�aR]C��X1[^XxË	[u|}_.QVSfýF�

X

Y Z Z [

Y

\�] ^a`
`
b

c d e bhgji
k
lmb

lmnGopk e k�q k
lsrut:v e�w
e�x `
^ak

b�gsb�`�^ c d x `
gm^ e k

x `�i;k y k�nG^ ru^an3i
k

Ë	[u|}_.QVS�ý � ��X�S�n8]At n8SHloÆ8�6k!k���W�`baGSHw1ZPqv]AQ�W�Y�_.l=SAX.Y!QTSA`T]AQVl=W

k=aGS1SCn8]Ht^_.Y�[u]AX�]Hq > z Y�] > �z `VZjX�z�S�aGZFX.l=t^SHl�ZFWmZ�WTSH�F_.SHX.`VS�]Aq�Y�QTZFX.W�q�]HQVwxZFY�[u]AX.W���h > z ¥ > �z ZFW
z�SHt^]C� �
W K.@C¤�§xK�& > z ¥ > �z

16 õ���û�õ9öuþ9ù+÷Iû
û°÷Àü»ý�þKõKÿ , , root.student, tutor, string,
8 8;¯�Nk�h���>¯ b#mnd�\^` ÿ , , root.student, english score

8 8����
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k=aGS
extend

Y�QTZFX.W�q�]HQVwxZFY�[u]AX�[^W$_.W�SAl�[uX
16
h=W�[^X.`VS�YMaGS�n8ZFt^_.SHW�]Aq�YMaGS�X.]Al=S

tutor
ZFQTS6X.]AY�l�SHQV[ n8Z�z	t^S

qvQV]Aw¿ZFX�p1`T]AX.W�Y�QT_.`VY\W�[^X > µV�
k=aGS{QVS�n8SAQVW�S�Y\QVZFX8WTqv]AQTw1ZjY�[^]HX.W�U�ZjYMa.�yZ�p�]Aq��¹l�SHX.]AY\SAl
����[uW6ZF_.Y\]AwxZFY�[u`VZFt^t~pJl=SAQV[~n8SAl�ZjX.lx[^W6[^t^tu_.WT�
Y�QTZFY�SHlyZFWoq�]Ht^t^]C��W �
W K.@C¤�§xK�& > �z ¥ > z

16 �;ýmöIû7ô/÷!�7û
ù+÷Iû
û°÷ÀüjýÀþKõGÿ , , root.student, tutor, string,
8 8;¯�N��h�u�>¯ b#mnd�\a` ÿ , , root.student, english score

8 8����
k=aGS1|}t^]Cz	ZFt�n8[^S�� > µ `TZFX�z�S1QVSHU�Zj[^QVSHl�[^X�]AQTl�SHQ6Y�]1QVSHr.SA`TYoY^aGS�`baRZFX.|}S1[^X > z zFp,Z�X8SC� U=ZFYMa.�yZ�p
> �z ¥ > µ l=SAX8]AY�SHl;�)���g���fk=aGSmX8SC� U=ZFYMa8�mZ�pJ`VZFX�z�SP]Cz�Y\ZF[^X.SHl{zFpJU=QVSHs��8[^X.|�Z�U=ZFYMa8�mZ�p��w�%Y�]PYMaRS
]AtulmU�ZFY^a.�yZ�p��������Th > z Y\] > µ �

�)���u�����������)�����
k�]�SAX8WT_.QTS�Y\QVZFX8WTqv]AQTw1ZjY�[^]HX5U=QVSAW�SAQ�n8ZFY�[u]AX.hdY^aGSxY�QTZFX.W�q�]HQVwxZFY�[u]AXW²o[^X���[^Wy`´aGSA`b�dSHl3ZFX.l�aGZFX.l=t^SHl
ZF`T`V]AQTl�[uX.|�Y\]mYMaGSm]HU�SHQVZFY\[^]AX â

add, delete, rename, extract
ZjX.l

contract
ã!]Aq�YMaGSmY\QVZFX.W�qv]AQVwxZFY\[^]AX8�

��Wfl�SHWT`TQV[ z	SAl�[uX�¬ve�­!®FÉ�°�h%SHZF`ba,Y\QVZFX.W�qv]AQVwxZFY\[^]AX¤²![^X�Y^aGS�U=ZFYMa8�mZ�pJç�µ ¥ ç �µ X.SHSAl=WoY\]�z�S�aGZFX.l=t^SHl
ZF`T`V]AQTl�[uX.|6Y�]�Y^aGS�qv]At^t^]���[^X.|6`TZFW�SAW��

ó �»q+²	[^W ÷uþ=þ h þGõ�� õ;û�õ ]AQ ô õ9öu÷=ø�õ Y\QVZFX.W�qv]AQVwxZFY\[^]AX8h}YMaGSfX.S��³U=ZFYMa.�yZ�p�ç �µ ¥ ç�����[ut^tHz�S�SA�F_8[ n8ZFt^SHX.Y
Y�]fYMaGS�]Ht^lm]AX8S�ç�µ ¥ ç����¡T{]$`´aGZFX.|}Sf[^WoQVSA�j_.[^QVSHlPq�]HQRY^aGSf|}t^]Cz	ZFt%WT`baRSAwxZF����t^t�[uX.q�]HQVwxZFY\[^]AX�[^X
YMaGSf|}t^]�z�ZFt%WT`´aGSAwxZPYMaGZjY%�yZFW�l�SHQV[ n8Z�z�t^Sfq�QT]Aw ç�µ�w1Z�p�X.]��¥z�S�l=SAQT[ n8SAlPqvQV]Aw ç��µ �

ó �»qj²d[^Wf]Aq	qv]AQVw �;ýsö�û7ô/÷!�7û h�Y^aGS�|}t^]�z�ZFt.W�`baGSHwxZ�ç��fwxZ�p�`V]HX.Y�ZF[uX�`V]AX8WTY\QV_.`TY�WfYMaGZjYGZFQTS�X.]�t^]AX8|}SAQ
Z�n8ZF[^t^Z�z	t^SP[^X�Y^aGS{WT]H_.QV`TS�wx]Al=SAt�ç��µ �$Ã8_8`baé`T]AX.W�Y�QT_.`VY\W�`VZFX�z�SPZF_.Y\]AwxZFY\[^`VZFtut pJQTSAwx]Cn8SHl�qvQV]Aw
YMaGSf|}t^]�z�ZFt%WT`´aGSAwxZF�

ó �»q�²�[^W õ���û�õ9öuþ h�YMaRS�SC�8Y\SAX.l=SAl5`V]AX8WTY\QV_.`TY�WxwxZ�p¥]AQ�wxZ�p¥X.]HY�z�SJQVSHU�QTSAW�SAX.Y\SAl�[uX�YMaGS�|}t^]Cz	ZFt
WT`baRSAwxZF�.k=aGS�`T]AX.W�Y�QT_.`VY\W�[^XxYMaRS$|}tu]Cz�ZFt%W�`baGSHw1ZPX.SHSAl=W�Y�]Rz�S�[uX�n8SAW�Y�[^|}ZjY�SAl=�

��X�YMaGSPSC�8Zjw1U=t^S�h8YMaGSPY�QTZFX.W�q�]HQVwxZFY\[^]AXâ²G[uW
extendYattaNode

����`V`T]AQVl=[^X.|�Y�]mYMaRSmQV_.t^SHW6Z�z�]�n8S�h�YMaRS
`V]HX.W�Y�QV_8`VY�W1]Aq > µ X.SHSAl�Y\]mz�S�S��8ZFwx[^X.SHl���Ã�[^X.`TS�YMaGS�X.SC�¼X.]Hl�S

tutor
`VZFX�X8]AY�z	S�l�SHQV[ n8SHl�qvQV]Aw

ZFX�pJ`V]AX8WTY\QV_.`TY�W�]Aq > µ h�X.]HYMaG[uX.|faGZFW�Y\]�z	S�l=]AX.S�Y�]PYMaRS�X.S��¿U�ZjYMa.�yZ�pAh�SC�8`TSAU=Y�Z�U�]HWT[^Y\[^]AX��F_.SHQ´p�]Hq
YMaRS�`V]HX.W�Y�QV_8`VYdZFqvY�SHQ�Y^aGS

tutor
X8]Al=Soä�åæ��å

course
X.]Hl�S�X8SASAl=W�Y\]�z�S�`baGZFX8|}SAl�Y\]

‘after(
, ,
root.student,

tutor
8 8

)’
�

� �ãêÕæ æCê Ø�*,0 +�ì5Ý Ò¿ÝPÜAØ1+.7�/1*5Ø1Ü�ëì/103ÝPÜ~æé-�Ø1*5Þ�íj/1-�ÙÛØ1+.7�/1*5Þ

��XyYMaRS�U=QVSCn8[u]A_.WRWTSH`VY\[^]AX.h9YMaRSoY\QVZFX.W�qv]AQVwxZFY\[^]AX�]AqjW�SAwx[^W�Y�QT_.`VY\_.QVSHl�l=ZFY\Z�]Aq=l=[^q�qvSAQTSAX.Y8WT]H_.QV`TSAWRQVSAU=QVSH�
W�SAX.Y\SAl�[uX�YMaGS�Æ8�6k!k��Ïwx]Hl�SHt^W!aGZjWdz�SHSAX�W�aG]C��X8�!�»X�Y^aG[^WfW�SA`VY\[^]AX8h�aG]�� ]H_.Q�ZFU=U=QV]AZj`ba5`VZFX{aRZFX.l=t^S
YMaRS�Y�QVZjX.WTqv]AQTwxZFY�[^]HX6z	SAYM��SHSAX�YMaGSRÆ���k!k��Ïwx]Al=SAtjZjX.lyYMaRS�QVSAtuZFY�[^]HX.ZFt=wx]Al=SAt=[^W�[^tut^_.W�Y�QVZjY�SAl=�
k=aG[^W$��[ut^tGqvZF`T[^t^[^Y\ZFY�SxYMaRS1[uX.Y�SH|}QVZFY\[^]AXxz	SAYM��SHSAX,WTSHw1[uWTY\QV_.`TY�_.QTSAlJl�ZFY\Z�WT]H_.QV`TSAWPZFX.l�`V]HX�n8SAX8WT[^]HX.ZFt
l=ZFY�Z�z	ZFWTSHW�hjQTSAt^ZjY�[^]HX.ZFt%l�ZjY�Z�z�ZjWTSHWo[^XxU=ZFQVY\[^`V_8t^ZFQb�8k=aGS�Zjl�l=[^Y�[u]AX.ZFt%ZFlAn8ZFX.Y\ZF|}Sf[^W�Y^aGZFYdY^aGS�Y�QTZFX.W�q�]HQ��
wxZFY�[u]AX{ZFt^t^]���WdYMaGS�ZF_8Y�]AwxZFY\[^`!wx[^|}QVZjY�[^]HX�]Hq}l�ZFY\Zfq�QT]Aw×W�SAwx[^W�Y�QT_.`VY\_.QVSHl�l�ZFY\ZfWT]H_.QV`TSAW!Y�]�QTSAt^ZFY\[^]AX8ZFt
l=ZFY�Z�z	ZFWTSHW��
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¸�SHt^ZFY\[^]AX.Zjt=Á�]HX.W�Y�QV_8`VY Ã8`baRSAwxS�]Aq�Á�]HX.WTY\QV_.`TY
relation � , , � 8 8
attribute

® , , � ¯�®3¯°¬¡8 8[^q�¬)�
null

YMaGSHX
constraint

[^WpDV®jh Í F�h�D Í � �:TCF
SAt^W�S�[^q�¬)�

key
Y^aGSAX

constraint
[uW D Í FTh�D Í F

SAt^W�S�[^q�¬)�
notnull

YMaGSHX
constraint

[^WpD Í FVh+D Í �æ��T�F
primary key

, , � ¯�� z ¯�´�´:´�¯c���>8 8qv]AQTSA[^|}X6�dSCp , , � ¯ �5� ¯c�=zu¯
´:´�´:¯�� � 8 8��aGSAQTS ��� [uW�ZmQVSHt^ZFY�[u]AX1`V]AX8Y�ZF[^X8[^X.|�Y^aGS�U=QV[^wxZFQ�p��dSCpAhZFY�Y\QV[ z	_.Y�SHW���zChæ� �æ�æh � � hF[^X �
k�Z�z�t^S6É � ¸�SAt^ZjY�[^]HX.ZFt%wx]Al=SAt=`V]AX8WTY\QV_.`TY�W

Æ��6k!kj�Ïwx]Al=SAt�Á�]AX.W�Y�QT_.`VY ¸�SHt^ZFY�[u]AX.ZFt%wx]Al=SAt=Á�]AX8WTY\QV_.`TY
ZoÆ���k!k��ÏX.]Al=S5NHhj, ,�®3¯�N3¯°²7¯�³�8 8

Rule 1
[uq�²u�

complex
YMp8U=S ZmQTSAt^ZFY\[^]AXV, ,�NÀ8 8=��[^YMa

nKlji
id(
N
)=generateId(

,u�=zu¯
´:´�´:¯�� � 8
)

ZmU=QV[^wxZFQ�p��dSCp�, ,�N3¯���zu¯�´�´:´�¯c� � 8 8
Rule 2

[uq�²u�
atomic

Y^p8U�S ZFXxZFY\Y�QT[ z�_.Y\SC, ,�® · ¯�N>¯�¬¡8 8
[^q â ³��+BON�H ã�]AQ â ³7�+B S
H ãd]AQ â ³ · �+B N�H ã.]AQ â ³ · �+B S
H ã ¬)�

nullSHt^WTS ¬)�
not null

Rule 3
[uq�²u�

atomic
Y^p8U�S nKlji	¡u¢�£~¤7¥§¦ Zmqv]AQTSA[^|}X6�!S�pV, ,2¨~©=¯�®G·À¯�NÀ8 8

nGlji
id(
®G·

)=generateId(
N
)nGlji

type(
¨ ©

)
�

complex
YMp8U=S

nGlji ¨ ©
=generatedId(

N
)ª w k�^�k «h¬jv e b w kQt n e búlm`=i
kQv:l
«­�®�¯�¯§¯ ­!° nG^akR±1²�³)³�²�lm`=i
k e¢ ¬ v e b w k x nK^�i
v lmnGt v b y x `
l e b�^anGv lmb3`a´"« ¬µ�¶ v e n e v ·Gt v lmrQ`a´�¸

id()
v e nw´/gml x bhv `
lp^ak
bhgm^almk�iÇv lmbhk�ruk
^Öv�i;k�lmbhv�¹sk
^ e `a´mnKlpv l_ºKgsb>lm`�i;k

generateId()
v e n�´/gml x bhv `
l ^ak
bhgm^almk=i­i
v e bhv l x búv
i
k
lsb�v ¹mk�^ e ´/`�^Mi
v e bhv:l x búv l_º=gmb1»unKt gmk e

type()
v e n�´/gml x bhv:`�lp^ak
bhgm^almk=iòb y ºKkQ`a´snGlpv l_º=gmbúlm`=i
k

k�Z�z�tuS6¯ � k=aRS$ZjWTW�]A`T[^ZFY�[u]AX{z�SHYM��SASHX�Æ���k!k��ÏZFX.lyY^aGSfQVSHt^ZFY�[u]AX.ZFt%wx]Al=SAt=`V]HX.W�Y�QV_8`VY�W
�Ç��� ����� Ô)Æ+Æ+&)Ñ3Ê=Ô±ÉGÊ=&±È%&Öñ#�� "���# ÔÖÈ�(ÃÉK���ªÂ �+*GÔ±ÉGÊ=&±È�ÔÖ*­$ &)(p��*�¼â&ÖÈãÆ=ÉGÅjÐ�Ñ3ÉúÆ

Á�]AX8WTY\QV_.`TY�Wf]Aq�YMaRS�QTSAt^ZFY\[^]AX8ZFt8wx]Al=SAt8ZFQVS{QVSHt^ZFY�[u]AX.W�h�ZjY�Y�QT[ z�_.Y\SAW�h8Z�U=QV[^wxZFQ�py�dSCp�qv]AQ$SAZF`baéQVSHt^ZFY�[u]AX
ZFX.l{qv]AQVSH[^|}X$�dSCp8W���iPSHQVS!��So_.W�S�YMaRS�l=SAs.X.[uY�[^]HXm]Aq=QVSAtuZFY�[^]HX.ZFtFwx]Hl�SHt}`V]AX8WTY\QV_.`TY�W�|}[ n8SAXm[uXy¬�eJ­!ÄFÄ�z�°��
k=aGS$WT`´aGSAwxSAW�]Hq�Y^aGSo`T]AX.W�Y�QT_.`VY\W�ZFW�l�SHs.X.SHl�[^X�Ã8SA`TY�[^]HXy¬ve�­!ÄFÄ�z	°%ZFQVS$W�aG]C��Xy[uX�k�Z�z�tuS$Éj��T�]HY�S$YMaGZjY
YMaRS�SC�8Y�SHX.Y�]Aq�QTSAt^ZFY\[^]AX1[^WoQVSAU=QVSHWTSHX.Y�SHlozFp1[^Y\W�U=QV[^wxZFQ�p��dS�p1ZFY\Y�QV[~z�_.Y�SHW��
k=aGS�`V]HX.W�Y�QV_8`VY%]Aq}Y^aGS�Æ8�6k!k��éwx]Al=SAtuh�Z�Æ��6k!kj��X.]Hl�S­, ,�®3¯�N3¯°²7¯a³
8 8�hA`TZFX�z	S�w1ZjU�U=SAlfY�]�SHZF`ba�`V]AX8WTY\QV_.`TY
]Aq	YMaRS6QVSHt^ZFY�[u]AX.ZFt8w1]Hl�SHt�ZF`V`T]AQTl�[^X8|{Y\]�Y^aGS�QT_.t^SAW$[^X�k�Z�z�t^SP¯F�8��`V`V]HQVl=[^X.|PY�]

Rule 1
hHÆ8�6k!k���X.]Hl�SHW

]AqR`V]HwxU�t^S��5YMp8U=S�`TZFX�z�S1l=SAs.X.SHl�ZFWmQTSAt^ZjY�[^]HX.WP[^X5Y^aGS�QTSAt^ZjY�[^]HX.ZFt�wx]Hl�SHt^�{� U=QV[^wxZFQ�p��!S�p,]AqRYMaRS
QVSHt^ZFY\[^]AXm[^WRYMaRS�`baG[^tul�X.]Hl�SHWd]Aq�YMaGS!Æ8�6k!k��¥X.]Al=S�h���aG]HWTS�ZjWTW�]A`T[^ZFY�SHl�n8Zjt^_.SAWGl�SHY�SHQVwx[^X.S�Y^aGS�Æ8�6k!k��
X.]Hl�SKH W�[^l�SHX.Y�[us.SAQb�
��X

Rule 2
hVÆ8�6k!k��¥X.]Al=SAWG]Aq�ZFY�]Hw1[u`dYMp8U=S�ZFQTS�ZFY�Y\QV[ z	_.Y�SHWR[uXyYMaGS�QVSAtuZFY�[^]HX.ZFtFwx]Hl�SHt^�%k=aGS�`VZjQVl=[^X.ZFt^[uYMp

Í Î



`V]HX.W�Y�QVZj[^X.Y�W�]AXJZFY�Y\QV[ z�_8Y�SAW�ZFQVSml=SAY\SAQTw1[uX.SAl�zFp3YMaGSP`VZjQVl=[^X.ZFt^[uYMp3`V]AX8WTY\QVZF[^X8Y�W6]Hq!YMaGS$Æ���k!k��µX.]Al=S
ZFX.lx[^Y\W6U=ZFQVSHX.Y�����q�YMaRS�`TZFQVl=[^X.ZFtu[^YMp�`V]AX8WTY\QVZF[^X8YG]Hq	Y^aGS�Æ8�6k!k��¶X.]Al=S�[uW6SA[^Y^aGSAQ!B NuHH]HQ!B S
H h8YMaGS{`VZFQTl�[u�
X.ZFtu[^YMp�`V]AX8WTY\QVZF[^X8YR]Hq�YMaGSPZFY\Y�QV[~z�_.Y�SP[^W"D Í FTh1D Í �æ�:TCF��!à�Y^aGSAQ���[^WTSAh=Y^aGSP`VZFQTl�[uX.ZFt^[^Y^p�`V]HX.W�Y�QVZj[^X.Y�]Aq�YMaRS
ZFY\Y�QV[~z�_.Y�Sf[^W­D�®Fh Í FVh1D Í �æ��T�F�_.X.t^SHWTW�YMaRSo`TZFQVl=[^X.ZFtu[^YMpx`V]AX8WTY\QVZF[^X8Y�]Hq=Y^aGS$U�ZFQTSAX.Y	]Aq=YMaRSdÆ���k!k���X.]Al=S�[^W
B NuH�]AQMB S�H �
��X

Rule 3
h=YMaGS�Æ8�6k!k��×X.]Al=SC, ,�®3¯�N3¯

atomic
¯a³
8 8d[^WfZyqv]AQVSH[^|}X��!S�p�[^X�ZyQTSAt^ZFY\[^]AX�¨~©f[^q»³��+BGHHh ZjX.l
N{[^WfZ

U=QV[^wxZFQ�py�dSCpy��aG]HWTS�n8ZFt^_8SAWfl�SHY�SHQVwx[^X.SHl�[^Y\W�U�ZjQVSAX8Y�h�ZFX.l�Y^aGSAQTS�S��8[^WTY\W6W�]AwxS�W�[ z�tu[^X.|}W�]Aq�Nf��aR[^`ba
[^Wo]Aq

complex
YMp8U=SfZFX.lmY^aGSA[^Q	n8Zjt^_.SAW�ZFQVSfl=SAY�SHQVwx[^X.SHlozFpTN9�

�Ç��Á <�=@ÔÖÎÏÄp*G�òÆÕ&ÖñV�-ÅQÔÖÈãÆ=ñm&ÖÅ¡Î×Ê
È¼Ë¾½C�+Éi¿ �ò�+È �! C�C�# Ô±È�( ÉG�ã� Â ��*GÔÖÉGÊ�&ÖÈãÔÖ*
$ &)(p��*

k�]�[ut^t^_.W�Y�QTZFY�S�aG]C�×Y^aGS�QT_.t^SAWR`VZjXfz�S�_8WTSHl�Y�]ol�SHQV[ n8S�Y^aGS�QTSAt^ZjY�[^]HX.ZFtFwx]Al=SAt}qvQV]Hw¶Y^aGS�Æ���k!k��¥wx]Al=SAtuh
YMaRS�QV_.t^SHW�ZFQVS�ZjU�U=t^[^SHlmY�]�YMaRSRÆ8�6k!k��ºwx]Al=SAt=]Aq8ç+µThFË�[^|}_.QTSfÎF�
k=aGS�W�`baGSHw1Sf]Hq�YMaGS�X.]Hl�SHW�[^XxYMaGSGÆ���k!k��Ïwx]Al=SAt=]Aq8ç+µ�[uW�ZFW�qv]Atut^]C��W �

±p²�³)³�²�lm`�i;k À x°w k
opk
course

½ ½
root, course, list, X
¾ ¾

code
½ ½
root.course, code, String, - ¾ ¾

student
½ ½
root.course, student, list, + ¾ ¾

name
½ ½
root.course.student, name, String, - ¾ ¾

sex
½ ½
root.course.student, sex, String, ? ¾ ¾

year
½ ½
root.course.student, year, Integer, ¾ ¾

grade
½ ½
root.course.student, grade, String, ¾ ¾

k=aGS
course

X.]Hl�S�[uX�YMaGS�Æ8�6k!k��Ïwx]Hl�SHt=]Hq	ç+µ�[^W$]Aq
complex

YMp8U=S�ZFX.l1[^Y�W�n8ZFt^_.SHW�ZFQTS6l=SAY�SHQVwx[^X.SHl
zFp,Y^aGS�n8Zjt^_.SAWPZFW�W�]A`V[uZFY�SHlJY\]�Y^aGS�Æ8�6k!k�� X.]Al=S

code
����`T`V]AQTl�[uX.|xY�]

Rule 1
hdY^aGS

course
X.]Al=Sy[^W

QVSHU�QTSAW�SAX.Y\SAlPZFW�ZmQTSAt^ZjY�[^]HX
course

��[^YMa�ZPU�QT[^wxZFQ´p��dSCp
code

�
��X5Y^aGS6Æ��6k!kj� wx]Al=SAtd]Hq�ç�µ�h�Y^aGS

student
X8]Al=S�[^WyZjt^WT]1]Aq

complex
YMp8U=S��P��Wm`TZFX�z	S�W�SASHX5qvQV]Aw

YMaRS�Æ8�6k!k��×l�ZFY\ZFh=YMaGS�n8Zjt^_.SAWo]Aq
student

h=[^X.Y�SH|}SAQ�[^l=SAX8Y�[^s.SHQVW�h�l�SHU�SHX.lm]AX�Y^aGS�n8ZFtu_.SAW�]Hq
code

ZFX.l
name

�5Ë	QT]Aw
Rule 1

h���S1|}SAYfZ�QVSAtuZFY�[^]HX
student

��[uYMaÏZJU=QV[uw1ZjQ´p��dS�p
code

ZjX.l
name

�3Ã�[^X.`TS
YMaRS6n8ZFtu_.SAWPYMaRS1ZjY�]Awx[^`{X.]Hl�S

code
l=SAY�SHQVwx[^X.S�YMaGS�n8ZFt^_8SAWP]Aq

student
��aG[^`ba�[^Wm[^Y\WyWT[~z�t^[^X.|�hdYMaRS

ZFY\Y�QV[~z�_.Y�S
code

[^W�Zmq�]HQVSA[u|}X��dSCpx]Aq�YMaRS�QVSAtuZFY�[^]HX
student

ZF`V`T]AQVl=[^X.|�Y�]
Rule 3

�
k=aGS�ZFY\]Awx[^`�X.]Hl�SHW

sex
h
year

ZFX.l
grade

ZjQVS�ZFY\Y�QV[~z�_.Y�SHW�]Hq�YMaGS�QTSAt^ZFY\[^]AX
student

Zj`V`V]HQVl=[^X.|6Y\]
Rule

2
ZjX.l�Y^aGSA[uQG`TZFQVl=[^X.ZFtu[^YMp�`T]AX.W�Y�QTZF[^X.Y\WRZjQVS@DV®Fh Í FTh1D Í �æ�:TCFRq�]HQ

sex
ZjX.l D Í FTh1D Í �æ�:TCF�q�]HQ

year
ZFX8l

grade
�

Ã8[uX.`VSfYMaRS�`VZFQTl�[^X8ZFt^[^Y^px`T]AX.W�Y�QTZF[^X.Y\W�]Aq�Y^aGS
sex

X.]Al=SfZFX.lm[^Y\W�U=ZFQVSHX.Y�ZFQVS­BuH�ZFX.lCB R+H hjYMaGSf`VZjQVl=[^X.ZFt^[uYMp
`V]HX.W�Y�QVZj[^X.Y�WG]AX{YMaGS

sex
ZjY�Y�QT[ z�_.Y\S�[^W)D�®Fh Í FTh1D Í �æ��T�FT��k=aRS�`VZFQTl�[^X8ZFt^[^Y^p{`V]HX.W�Y�QVZj[^X.Y�WG]Aq}Y^aGS

year
h
grade

h
ZFX.lPY^aGSA[^QGU�ZjQVSAX8Y8ZFQTS!BIHTZjX.l@B R+H h}Y^aGSAQTSAqv]AQVS�YMaGSo`VZFQTl�[^X8ZFt^[^Y^p�`V]HX.WTY\QVZF[uX.Y�W�]AX�YMaGSoZFY�Y\QV[ z	_.Y�S

year
ZFX.l

grade
ZFQVS¼D Í FVh1D Í �æ��T�FT�

��W�Z{QVSHWT_.tuY�h���S$|}SAY�YMaRS$QTSAt^ZjY�[^]HX.ZFt=w1]Hl�SHt=ç�Áµ z�SAtu]C������Xxç	Áµ h���So`baRZFX.|}SfYMaGS$X.ZFwxSf]Aq�Y^aGSfQVSHt^ZFY�[u]AX
student

Y�]
cs
Y�]Rz�S�wx]AQTSfl�SHWT`TQV[^U=Y�[ n8SA�

ç Áµ
: course(code)

cs(code, name, sex, year, grade)

Í Ð



k=aGS�W�`baGSHw1Z�ç	Áµ `V]HX.Y�Zj[^X.W�Y^��]�QVSHt^ZFY�[u]AX.W �
course

ZFX.l
student

��k=aRS
course

QTSAt^ZFY\[^]AX�aG]Ht^l=W�`V]H_.QVW�S
QVSH`V]HQVl=Wo[^l=SAX8Y�[^s.SHl6zjp�YMaGS{ZFY\Y�QV[~z�_.Y�S

code
��k=aRS

student
QVSHt^ZFY\[^]AXPaR]At^l=WfQVSA`T]AQTl�W$]Aq�W�Y�_.l=SAX.Y\WG��aG]

ZFY\Y�SAX8l�SHlJY^aGSx`V]H_.QVW�SAW���k=aGS��dSCpéZFY�Y\QV[ z	_.Y�S�]Hq
cs
QVSAtuZFY�[^]HX,ZjQVS

code
ZFX8l

name
�3k=aGS�ZFY\Y�QT[ z�_.Y\S

code
[uX�Y^aGS

cs
QVSHt^ZFY�[u]AX�[^WyZJq�]HQVSA[u|}Xx�dSCpAh�QTSAqvSAQTSAX.`T[^X.|xYMaGS��dSCpéZFY�Y\QV[ z	_.Y�S

code
[^X,Y^aGS

coursesQVSHt^ZFY\[^]AX.��k=aRS{]HYMaGSHQfZFY�Y\QV[ z�_8Y�SAW�[^X�YMaGS
cs
QTSAt^ZFY\[^]AXJZFQTS

sex
h

year
ZFX.l

grade
��aG[^`ba�[^X.l=[^`TZFY�SPYMaRS

W�SC��]Aq�W�Y�_.l=SAX.Y\hFYMaRS�p8SHZFQ�WTY\_.l=SAX.Y!ZFY\Y�SHX.l�SHlmYMaGS�`T]A_.QTWTSfZFX8lmYMaGS�|}QTZFl�SfW�Y�_.l=SAX8Y	]�z�Y�Zj[^X.SAl=�
T{]AY�S1YMaRZFY�ç�Áµ [^W�Z�`TZFX.]AX8[^`VZFtRW�`baGSAwxZ���aG[^`baÏ|}SAY\Wmq�QT]Aw Y^aGS6Æ��6k!kj��wx]Al=SAtd]Hq�ç+µ�����Yfl�]HSAWPX.]HY
|}_.ZFQTZFX.Y\SAS�Z�|}]A]Hl�l�ZFY\Z�z�ZFW�S�l=SAW�[^|}X.�%iP]C��S�n8SAQbh�YMaGS�U=QV]H`VSHWTWd]HqFX.]HQVwxZFt^[^W�[^X.|$YMaRS�`VZFX.]HX.[^`TZFt�WT`baRSAwxZ
`VZjX�z	S�l�]HX.SdzjpxZFU=U=t p8[^X.|�Y�QVZjX.WTqv]AQTwxZFY�[^]HX�QT_.t^SHW�l�SHWT`TQV[ z	SAlP[^XxYMaGS�X8SC�8Y�WTSH`VY\[^]AX.�
k=aGS6Y\QVZFX8WTqv]AQTw1ZjY�[^]HX.W�qvQV]Aw YMaGSRÆ��6k!kj�×W�`baGSHw1Zm]Hq�ç+µVh=ç {µ hjY�]�YMaGS6W�`baGSHwxZmç	Áµ `TZFX{z�S6l=SAs.X8SAlozFp
QVSHU�tuZF`V[^X8|�YMaRS$`T]AX.W�Y�QT_.`VY!]Hq�YMaGSRÆ��6k!kj�Ïwx]Al=SAtA��[^YMa3YMaR]AW�S�]Aq�YMaRS�QVSAtuZFY�[^]HX.ZFt%wx]Al=SAt�ZFW�qv]At^tu]C��W �
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17 ÷uþKþ�Â3õ#�Eÿ , , course,code
8 8
¯;DaE�GÀ,JFú¯�Eú8�KV, ,

root.course, code
8 8;F~�

18 ÷uþKþ�Â3õ#�Eÿ , , cs,code,name
8 87¯
D=,�E¡¯�Fm8HGÀ,�Lp¯�E38�K�, ,

root.course, code
8 8

Z�,�Lp¯�Qú8PK�, ,
root.course, student

8 8"ZU,�Qj¯�Fm8PKâ, ,
root.course.student, name

8 87F~�
19 ÷uþKþiÃ¡û
û
ÿ , , cs,sex,

D
0,1

F
,
D
1..N

FI8 8;¯
DK,�E¡¯�Fú¯�O=8�GÀ,�Lp¯�Eú8�KV, ,
root.course, code

8 8
Z�,�Lp¯�Qú8PK�, ,

root.course, student
8 8"ZU,�Qj¯�Fm8PKâ, ,

root.course.student, sex
8 8;F~�

20 ÷uþKþiÃ¡û
û
ÿ , , cs,year,
D
1
F
,
D
1..N

F�8 8;¯
DK,JEj¯�Fú¯�O�8HGÀ,�Lp¯�Eú8HKV, ,
root.course, code

8 8
Z�,�Lp¯�Qú8PK�, ,

root.course, student
8 8"ZU,�Qj¯�Fm8PKâ, ,

root.course.student, year
8 8;F~�

21 ÷uþKþiÃ¡û
û
ÿ , , cs,grade,
D
1
F
,
D
1..N

F�8 87¯;D�,JEj¯�Fú¯�O�8HGÀ,JL#¯�E38HKV, ,
root.course, code

8 8
Z�,�Lp¯�Qú8PK�, ,

root.course, student
8 8"ZU,�Qj¯�Fm8PKâ, ,

root.course.student, grade
8 8;F~�

22 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course.student, grade, string,
8 87¯
D=,�E¡¯�Fm8%Gm,JLp¯�Os¯�FÀ8PKV, ,

cs,grade
8 87F=¯

b!mnd�\^` ÿ , , root.course.student, year
8 8����

23 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course.student, year, integer,
8 8
¯;D�,JE¡¯�Fm8HGÀ,�L#¯�O>¯�Fm8RKV, ,

cs,year
8 8

Z�E ��[i\a]_\^`�b#d�\^egf ÿ ,�L#¯�O�8��äF=¯ b#mnd�\a` ÿ , , root.course.student, sex
8 8����

24 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course.student, sex, integer,?
8 8
¯;D=,�E¡¯�FÀ8HGm,�Lp¯�Os¯�Fm88K�, ,

cs,sex
8 8

Z�E ��[i\a]_\^`�b#d�\^egf ÿ ,�L#¯�O�8��äF=¯ b#mnd�\a` ÿ , , root.course.student, name
8 8����

25 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course.student, name, string,-
8 8
¯;DK,�E¡¯�Fm8HGÀ,�O>¯�Fm8PKV, ,

cs,code,name
8 8

Z�E ��[i\a]_\^`�b#d�\^egf ÿ ,�O>¯�Fm8g�7FK¯ b#]kj ���
26 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course, student, list,+

8 8
¯;DK,�E¡¯�Fm8%Gm,JQ»¯�NÀ8PKâ, ,
cs,code,name

8 8
Z�E ��[i\a]_\^`�b#d�\^egf ÿ Nk��ZqF ��[i\a]_\^`�b#d�\^egf ÿ ,JQ»¯�NÀ8��7FK¯ b!mnd�\^` ÿ , , root.course, code

8 8����
27 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root.course, code, string,-

8 8;¯
DK,�Ej¯�Fm8HGÀ,�F3¯�L!8�KV, ,
cs,code,name

8 8
Z�E ��[i\a]_\^`�b#d�\^egf ÿ F_�äFK¯ b#]kj �

28 þGõ�� õ;û�õ;ù+÷Iû
û°÷Àü»ýÀþGõGÿ , , root, course, list,
NG8 8
¯;D�,�X-Ys¯�E38HGm,JFú¯�L!8HKâ, ,

cs,code,name
8 8

Z�E ��[i\a]_\^`�b#d�\^egf ÿ F_�äFh�
��W�`TZFX�z�S�WTSHSAX1q�QT]AwÇY^aGS�U=ZFYMa.�yZ�pAh�YMaRS�`V]AX8WTY\QV_.`TY�W�]Hq8ç {µ ZFQTS$QTSAU=t^ZF`TSAl$zFp�YMaGSf`T]AX.W�Y�QT_.`VY\W�]Aq8ç�Áµ �
��XxYMaGS�Y\QVZFX.W�qv]AQVwxZFY\[^]AX

17
�
21
hjY^aGS�`V]HX.W�Y�QV_8`VY�W�]Aq�ç�Áµ ZFQVS�Zjl�l=SAlm[^X8Y�]�ç {µ ZjX.lyYMaRSA[^Q�[^X8WTY\ZFX.`VSHW�ZFQTS

YMaRS�SC�8Y�SHX.Y�W�]Hq�SA�F_8[ n8ZFt^SHX.Y�`V]AX8WTY\QV_.`TY�W�[^X�ç {µ �
��X�Y^aGSoY\QVZFX8WTqv]AQTw1ZjY�[^]HX

17
YMaRS

course
QTSAt^ZjY�[^]HX���[^Y^aJZ{U�QT[^wxZFQ´p6�dS�p�ZFY�Y\QV[ z�_8Y�S

code
[^W�Zjl�l=SAl{[^X.Y\]

ç {µ �8k=aGS�n8ZFt^_.SHW�]Aq�Y^aGSfQVSAtuZFY�[^]HX�ZFQTSfYMaGSGn8ZFt^_8SAW�]Aq%[^Y\W��dSCp
code

��aG[^`´a�ZFQTSfSA�F_.Zjt�Y\]$Y^aG]AW�Sf]Aq
codeX.]Hl�S$[^X�ç {µ �

Í ý



k!QVZjX.WTqv]AQTwxZFY�[^]HX
18
ZFl=l�W$YMaGS

cs
QVSAtuZFY�[^]HX�ZFX.l1[^Y\W$U=QV[uw1ZjQ´pm�dSCp�ZFY\Y�QT[ z�_.Y\SAW�h

code
ZFX8l

name
[^X.Y\]

ç {µ ��k=aGS$n8ZFtu_.SAW6]Hq!YMaGSmQTSAt^ZjY�[^]HX�ZFQTSmYMaGS$n8Zjt^_.SAW�]Aq![^Y\W�U=QV[^wxZFQ�p��dSCp1��aG[^`ba�[^X�Y^aG[^W�`TZFW�SmZFQVSPYMaRS
`V]Hw�z�[^X.ZFY\[^]AX8W�]Aq�[^X.W�Y�ZFX8`VSAWo]Aq

code
ZjX.l

name
X.]Al=S���Ã8[^X8`VS6Y^aGS6U=ZFQVSHX.Y!]Aq

name
[^W$YMaGS�WT[ z	t^[^X.|m]Hq

code
ZFX.l�[^WG]HqF`V]HwxU�t^S��{Y^p8U�S�h

code
[^WGZ�qv]AQTSA[^|}X��dSCpy[^XmY^aGS

cs
QTSAt^ZjY�[^]HX{QTSAqvSAQTSAX.`T[^X.|

code
ZFY\Y�QT[ z�_.Y\S

[^X
course

�
k!QVZjX.WTqv]AQTwxZFY�[^]HX

19 20
ZFX8l

21
ZFl=l�ZFY\Y�QT[ z�_.Y\SAW

sex
h

year
ZFX.l

grade
[^X.Y\]�Y^aGS�X.S��ÌQVSAtuZFY�[^]HX

cs
h

YMaRSdn8ZFtu_.SAW�]Aq
sex

h
year

ZFX.l
grade

ZFQVS$YMaGSGn8ZFtu_.SAW�]Aq%Y^aGSdÆ��6k!kj�ºX.]Al=S
sex

h
year

ZFX.l
grade

[^Xxç {µ
QVSHWTU=SA`TY�[ n8SHt pA�
à�X.`TS$S�n8SAQ�p�`V]HX.WTY\QV_.`TY!]AX�ç�Áµ ZjU�U=SAZFQTW�[^X�ç {µ hFZFt^t%`V]HX.W�Y�QV_8`VY�Wo]Aq8ç {µ ZjQVS�QVSHwx]Cn8SAl=�
��X�Y^aGS�Y\QVZFX.W�qv]AQVwxZFY\[^]AX

22
�
25
h�YMaGS{X.]Al=SAW

grade
h

year sex
ZFX.l

name
ZFQVS�l�SHt^SAY\SAl1q�QT]AwÌç {µ ��k=aRS

n8ZFt^_8SAW�]Aq%YMaRSAW�SoX.]Hl�SHW�`VZFX6z�SoQTSAW�Y�]HQVSAl{qvQV]AwµY^aGS�n8ZFt^_.SHWR]Hq%ZFY�Y\QV[ z�_8Y�SAW
grade

h
year

h
sex

ZFX8l
name[^XxYMaRS

cs
QVSHt^ZFY�[u]AX.�

k!QVZjX.WTqv]AQTwxZFY�[^]HX
26
QTSAwx]Cn8SHWoY^aGS

student
X8]Al=S�����Y�WRn8ZFtu_.SAW�`TZFXmz�SPQTSAW�Y�]AQTSAl1_.W�[^X.|�Y^aGS{q�_.X8`VY�[u]AX

generateId
��aG[u`ba¥QVSHY�_.QTX.W6YMaRSy[^l=SAX.Y\[^s.SAQTW�qv]AQ�Y^aGSyl=[^WTY\[^X.`TY!n8ZFt^_8SAW�]Hq

code
ZFX8l

name
[uX3YMaGS

csQVSHt^ZFY\[^]AX.�
k!QVZjX.WTqv]AQTwxZFY�[^]HX

27
ZjX.l

28
l�SHt^SAY\SAW

code
ZjX.l

course
X.]Hl�S�QVSAW�U=SA`VY\[ n8SAt~pA��k=aGS�n8ZFt^_.SHWm]Aq

code`VZjX1z�SyQVSHWTY\]AQTSAl�qvQV]Aw
code

ZFY�Y\QV[ z�_8Y�S�[uX3YMaGS
cs
QVSAtuZFY�[^]HX1��aGSAQTSAZFW�YMaGS$n8ZFtu_.SAW�]Aq

course
`VZjX�z	S

QVSHWTY\]AQTSAl�_8WT[^X8|$Y^aGS�qv_.X.`TY�[^]HX
generateId

Y�]�|}SAY8Y^aGS�[^l=SAX8Y�[^s.SHQVWG]Aq
course

qv]AQ�SCn8SAQ�pPl=[^W�Y�[^X8`VY}n8Zjt^_.SAW
]Aq

code
ZFY\Y�QV[~z�_.Y�SA�

k=aGSfQVS�n8SAQTWT[ z	[^t^[^Y^px]Hq=Y\QVZFX8WTqv]AQTw1ZjY�[^]HX�]HX�Y^aGSRÆ8�6k!k��ºZFX8lmQVSAtuZFY�[^]HX.ZFt%wx]Al=SAt�ZFt^t^]���W�YMaGSfQTSAt^ZFY\[^]AX8ZFt
wx]Al=SAt9Y�]	z�S�Zj_.Y�]Hw1ZjY�[^`TZFt^t pmY�QTZFX.W�q�]HQVwxSAlRz�Zj`b�xY\]�YMaGS�Æ���k!k���wx]Al=SAt^�H��U�ZFY^a.�yZ�p{qv]AQ!Y^aGS�w1ZjU�U=[^X.|
qvQV]Aw ç�Áµ z�Zj`b��Y\]�ç {µ `VZjX�z	S�ZF_.Y�]HwxZFY�[^`TZFt^t p�l=SAQV[~n8SAlPZFW!z	SAt^]�� �
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28 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root, course, list,
N98 8
¯;DK,�X-Ym¯�Eú8HGÀ,JFú¯�L!8�KV, ,

cs,code,name
8 8

Z�E ��[i\a]_\^`�b#d�\^egf ÿ F_�äFh�
27 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course, code, string,-

8 8;¯;D=,�E¡¯�FÀ8HGm,�Fú¯�L�8PKV, ,
cs,code,name

8 8
Z�E ��[i\a]_\^`�b#d�\^egf ÿ F_�äFK¯ b#]kj �

26 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course, student, list,+
8 8
¯;D=,�Ej¯�Fm8HGÀ,JQ»¯�NÀ8PK�, ,

cs,code,name
8 8

Z�E ��[i\a]_\^`�b#d�\^egf ÿ Nk��ZqF ��[i\a]_\^`�b#d�\^egf ÿ ,JQ»¯�NÀ8��7FK¯ b!mnd�\^` ÿ , , root.course, code
8 8����

25 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course.student, name, string,-
8 87¯
D=,JEj¯�Fm8HGÀ,2Os¯�Fm88KV, ,

cs,code,name
8 8

Z�E ��[i\a]_\^`�b#d�\^egf ÿ ,�O>¯�Fm8g�7FK¯ b#]kj ���
24 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course.student, sex, integer,?

8 8;¯
DK,JEj¯�Fm8%GÀ,�Lp¯�O>¯�Fm8PKV, ,
cs,sex

8 8
Z�E ��[i\a]_\^`�b#d�\^egf ÿ ,�L#¯�O�8��äF=¯ b#mnd�\a` ÿ , , root.course.student, name

8 8����
23 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course.student, year, integer,

8 87¯
D=,JEj¯�Fm8HGm,�Lp¯�O>¯�Fm8PKV, ,
cs,year

8 8
Z�E ��[i\a]_\^`�b#d�\^egf ÿ ,�L#¯�O�8��äF=¯ b#mnd�\a` ÿ , , root.course.student, sex

8 8����
22 ÷uþKþGùú÷Iû
û°÷Àü»ýÀþKõGÿ , , root.course.student, grade, string,

8 8
¯;D=,JE¡¯�Fm8%GÀ,JL#¯�O>¯�Fm8PKâ, ,
cs,grade

8 87FK¯
b!mnd�\^` ÿ , , root.course.student, year

8 8����
21 þGõ�� õ;û�õaÃjû
û
ÿ , , cs,grade,

D
1
F
,
D
1..N

FI8 8
¯;D=,�E¡¯�F3¯�O=8�Gs,JLp¯�E38�K�, ,
root.course, code

8 8
Z�,�Lp¯�Qú8PK�, ,

root.course, student
8 8"ZU,�Qj¯�Fm8PKâ, ,

root.course.student, grade
8 8;F~�

20 þGõ�� õ;û�õaÃjû
û
ÿ , , cs,year,
D
1
F
,
D
1..N

Fu8 8;¯;D�,JE¡¯�Fú¯�O�8HGÀ,JLp¯�E38�K�, ,
root.course, code

8 8
Z�,�Lp¯�Qú8PK�, ,

root.course, student
8 8"ZU,�Qj¯�Fm8PKâ, ,

root.course.student, year
8 8;F~�

Í Å



19 þGõ�� õ;û�õaÃjû
û
ÿ , , cs,sex,
D
0,1

F
,
D
1..N

Fu8 8
¯;D=,JE¡¯�Fú¯�O�8HGÀ,JLp¯�E38%Kâ, ,
root.course, code

8 8
Z�,�Lp¯�Qú8PK�, ,

root.course, student
8 8"ZU,�Qj¯�Fm8PKâ, ,

root.course.student, sex
8 8;F~�

18 þGõ�� õ;û�õiÂ3õ��Oÿ , , cs,code,name
8 8
¯;D=,�Ej¯�Fm8HGÀ,JL#¯�E38%Kâ, ,

root.course, code
8 8

Z�,�Lp¯�Qú8PK�, ,
root.course, student

8 8"ZU,�Qj¯�Fm8PKâ, ,
root.course.student, name

8 87F~�
17 þGõ�� õ;û�õiÂ3õ��Oÿ , , course,code

8 8;¯
DaE6GÀ,�Fú¯�E38PK�, ,
root.course, code

8 8äF!�

��X�]A_8Q6SC�8ZFwxU=t^S�h�YMaGS�]AQVl=SAQT[^X.|1[^X.qv]AQTw1ZjY�[^]HXJ[uX�YMaGS6Æ8�6k!k��¿wx]Al=SAt�[^WP[^|}X.]HQVSAl=�miP]C��S�n8SAQbh�[uq�YMaRS
]AQTl�SHQV[^X8|m[^X.qv]AQVwxZFY\[^]AX�X.SASHl�WfY\]�z	S{U=QVSHWTSHQ´n8SHl�[^XJYMaGSPQTSAt^ZFY\[^]AX8ZFt�wx]Hl�SHt^h�ZFXJZFl�l=[^Y\[^]AX.Zjt�ZFY\Y�QT[ z�_.Y\S
order

[^WmZFl=l=SAl�[^X.Y\]�Y^aGS�QTSAt^ZjY�[^]HX.ZFt�wx]Hl�SHt^��k=aGS�n8ZFt^_.SHWP]AqRYMaGSxZFY\Y�QV[~z�_.Y�S
order

[^X8l�[^`TZFY�S���aGSHQVS
Z{Æ8�6k!k��ÇX.]Al=SPZFU=U�SHZFQVW�_.X.l=SAQf[^Y�W{U=ZFQVSHX.Y�X.]Al=S��{Ã8[^wx[^tuZFQ´pAh	YMaGS�]A`V`T_.QVQTSAX.`TS�[uX.q�]HQVwxZFY\[^]AX�[^X�YMaRS
Æ8�6k!k��³X8]Al=S�h ä�åæ��åFÆ8�6k!k��³X.]Hl�SHWoZFQTSP]Aq

bag
YMp8U=S�h�`VZjXyz�S{U=QVSAW�SAQ�n8SAl�zFp�Y^aGSP_.WTSP]Hq	ZjX�ZFY\Y�QT[ z�_.Y\S

count
��aG[u`ba�[^X.l=[^`VZFY\SAW�aR]C�³wxZFX}p1]A`T`V_.QTSAX.`TSAW�]Aq�ZoÆ���k!k��ÏX.]Al=SfZFQVSfU=QVSHWTSHX.Y��

iPSAQTSP��S�]HX.t p�W�aR]C�¼YMaGS�Y�QTZFX.W�q�]HQVwxZFY�[u]AX.W�z�SAY^��SASHX�Z�Æ8�6k!k�� wx]Al=SAt�ZFX.l�Z�QVSHt^ZFY\[^]AX.Zjt�wx]Al=SAt
]AqGYMaGS�WTZFwxSyW�]A_8QV`VSA�{k=aRSyY�QTZFX.W�q�]HQVwxZFY�[u]AX.W�z�SAY^��SASAX�Z{Æ���k!k��Çwx]Al=SAt!ZFX8l�Z�QVSHt^ZFY\[^]AX3wx]Al=SAt�]Hq
l=[^q�qvSAQTSAX.Y	W�]A_.QT`VSAW!��aG[^`ba3ZFQVS�QTSAt^ZjY�SAlm`TZFX�z�Sfl�SHs.X.SHl{[uX1ZmW�[^wx[^t^ZjQ�q�ZFW�aG[^]HX.�

�Ç���  $ �+ÉK��&�(p&Ö*G&ÖË%$ ñm&ÖÅªÄpÅ�&)(�ÐãÑ3Ê
È¼Ë ÉG�ã�WÈ�&ÖÅjÎ%ÔÖ*7Ê�Æ+�Ç(Ó�� "�C�@ .Ä�Â �+*GÔÖÉKÊ=&ÖÈãÔÖ*
Æ+Ñ3�ã�+Î Ô

��t^Y^aG]A_.|�a���S�`VZFX�Y�QVZjX.WTqv]AQTw qvQV]Hw Y^aGS�Æ��6k!kj��wx]Hl�SHt�Y�]{YMaGS6QTSAt^ZjY�[^]HX.ZFt.wx]Al=SAt9zjp�QVSAU=t^ZF`T[^X.|PYMaRS
`V]HX.W�Y�QV_8`VY�]Aq�YMaGS	Æ��6k!kj��wx]Al=SAtV��[^Y^a�YMaG]HWTS�]HqFYMaGS�QVSAtuZFY�[^]HX.ZFt�wx]Al=SAt^hHYMaGS�Y\QVZFX8WTqv]AQTw1ZjY�[^]HX{l=]ASHWdX.]HY
ZFt �yZ�p8Wo|}[ n8S6Z-B |}]H]Al3H�QVSHt^ZFY�[u]AX�W�`baGSAwxZF����Wo[^tut^_.W�Y�QVZjY�SAl1[^X�Y^aGS6U=QVS�n8[^]A_.W�WTSH`VY�[u]AX.h�[^X�YMaRS6`VZFX8]AX.[^`TZFt
W�`baGSAwxZmç�Áµ ��aG[^`´aJ|}SAY\W�q�QT]Aw YMaRSdÆ���k!k���w1]Hl�SHtF]Aq.ç+µVh}YMaGS�n8ZFt^_8SAW�]Aq

name
ZFX.l

sex
ZFQVS$QVSHU�SHZFY�SHl

[^XmW�SCn8SHQVZFt�Y�_8U�t^SHW�]HqFYMaGS
student

QVSHt^ZFY�[u]AX.��k=aGS�QTSAl=_.X.l=ZFX.`�p{ZFQT[^WTSHW�qv]AQ!Y^aGS�QVSHZFW�]AXPYMaGZjY8YMaRS
sex

ZFY��
Y�QT[ z�_.Y\S6[^Woq�_.X8`VY�[u]AX.ZFtut pxl=SAU=SAX8l�SHX.Y�]HXxYMaGS

name
��Ã8_.`ba5QTSAl=_.X.`TZFX.`´pxU�QT]Cz�tuSAwxW�`VZjX{z�S�ZFl=l�QTSAW�WTSHl

zFp�l�SH`V]Hw1U=]AW�[^X.|�ZPQTSAt^ZFY\[^]AX1W�`baGSAwxZP[^X.Y\]fQVSAtuZFY�[^]HXxWT`baRSAwxZFW�ZF`T`V]HQVl=[^X.|6Y\]�q�_.X8`VY�[u]AX.ZFt=l=SAU=SAX.l=SAX.`�p
]Aq�Y^aGSPQVSAtuZFY�[^]HX.�$k=aGS�l=SA`T]AwxU=]AW�[^Y�[^]HX�ZFt^W�]PZFt^t^]���W6Z1`VZFX.]HX.[^`TZFt8W�`baGSHw1Z1Y�]oz�SPY\QVZFX.W�qv]AQVwxSHl�[^X8Y�]PZ
|}]A]HlPl�SHWT[^|}X8SAlmW�`baGSAwxZF�
ø�[ n8SHX�ZPQVSHt^ZFY\[^]AX � ��[^Y^a�ZPW�SAYd]Hq�ZFY�Y\QV[ z	_.Y�SHW�ÅéZFX.lmZmW�SAY!]Hq�q�_8X.Y�[^]HX.ZFt=l�SHU�SHX.l=SAX.`T[^SAWR]AX � hpÆ-Ç Á hZ1l�SH`V]AwxU=]AW�[^Y�[u]AX�]Hq � ��aR[^`ba�[^W�[^Y�W�QVSAU=t^ZF`TSAwxSAX8Y�zFp�Z1`V]Ht^t^SH`VY�[u]AX�]Hq � z ¯ � µ ¯
´:´:´ � �y]Hq	W�_�z�W�SAY\W6]Aq �W�_.`ba�YMaGZjY � � � z�È2É � µHÈ2É ´�´:´ È2É � ��hj`VZFX�z�S�l=SAQT[ n8SAlozFp

Í �R��U�U=t p1ZP_.X8[^]AX1[^X.qvSAQTSAX.`TS�QV_8t^SJDaÊ ¥ > ¯�Ê ¥ÌË FvG� Ê ¥ > Ë ]AXTÆ-Ç Á
Éj��Ë�]AQ�SAZj`ba�q�_.X8`VY�[u]AX.ZFt=l=SAU=SAX.l=SAX.`�p;? D Ê ¥ > ��aGSHQVS�Ê~¯ > KTÅéqvQV]Aw¿Ã8Y�SHU Í h

[^q�Ê [^W�ZPX.]HX.�¡�!S�p�ZFY\Y�QV[~z�_.Y�S�]AQ�Ê [^W�ZmU=ZFQVY!]Hq�Z{U=QV[uw1ZjQ´p��dS�px]Hq � hjYMaGSHX
â ZFãPW�SAYd_.UmZPX.S��³QTSAt^ZFY\[^]AX���[^Y^a�ZmU=QV[uw1ZjQ´p��dS�p�Ê ZFX.lmZPX.]HX.� �dS�p�ZFY�Y\QV[ z	_.Y�S >
â z�ãPQVSHwx]Cn8S$ZFXxZFY�Y\QV[ z�_8Y�S > qvQV]Aw � z�_.Y!tuSAZ�n8S5Ê [^X �

k=aGSow1SHYMaG]Hl�]Ht^]A|�pmSAX8WT_.QTSAWRYMaGZjY�Y^aGSol=SA`T]AwxU=]AW�[^Y�[^]HXP[^W�t^]AW�W�t^SAW�WGä�åæ��å � � � z È2É � µ È2É ´�´:´ È2É � � W�[^X.`TSSCn8SHQ´p6�dS�pxZFY\Y�QT[ z�_.Y\S�]Aq�X.S��³QVSHt^ZFY\[^]AX.W�ZFt �yZ�p8W�ZFU=U�SHZFQVW�[uX � �
�×`V]HQVQVSHWTU=]AX8l�SHX.`VSo]Aq.Y^aGS�Y�QTZFX.W�q�]HQVwxZFY�[u]AX.W�]HXxYMaGS�QTSAt^ZFY\[^]AX8ZFt�wx]Al=SAt=Y�]6Y^aG[^W�l=SA`T]AwxU=]AW�[^Y�[^]HX�Y\SA`baR�
X.[^�j_.Sf[^W�ZFWoq�]Ht^t^]���W �

Í Ä



Í�ÎÏ : course(code)
cs(code, name, sex, year, grade)Ð)Ñ e�Ò name Ó sex
code,name Ó year
code,name Ó grade

�����_Ô ÎÏ �

course(code)
cs(code, name, year, grade)
student(name, sex)

���
�#Õ � � � � � � ��� � � Ô ÎÏ � � ���a}>�I� � � ��Ö � � �E������� �

Ë�[^|}_.QTS�Å � k=aGS�QTSAt^ZFY\[^]AX8ZFt%WT`baRSAwxZFW�]Hq�ç µ �

��XxYMaGSfÃ8Y\SAUyÉjhFq�]HQ�SAZF`ba�qv_.X.`TY�[^]HX.ZFt=l�SHU�SHX.l�SHX.`´p�? D Ê ¥ > ��aGSHQVS�Ê~¯ > K�Å�h

[^q)Ê [^W�ZmX.]HX.� �dS�p�ZFY�Y\QV[ z	_.Y�S�]HQHÊ [^WoZPU�ZFQTY!]Aq�ZmU=QV[^wxZFQ�p��dSCpx]Aq � hFY^aGSAX
â ZFã

addRel
â , , ��× ¯�ÊU8 87¯;D~Q�GhQ*K�Ê�FVã

addAtt
â , , ��× ¯ > 8 8
¯;DK,�Qj¯�N�8HG!Q*K;ÊlZ;NqK > F�ã

â z�ã
delAtt

â , , � ¯ > 8 8
¯;DK,�Q»¯�NÀ8HGhQ�K Ë Z¤,�Lp¯�N�8�KV, , � × ¯ > 8 87F�ã
��aGSHQVS Ë [^WoZ{U=QV[uw1ZjQ´p��dS�px]Hq �

k�]�[ut^t^_.W�Y�QTZFY�S�YMaGS�wxSHYMaG]Hl�]Ht^]A|�pAh%��S�W�aG]�� aR]C� Z�|}]A]Hl3l�SHWT[^|}X�]Hqoç�Áµ h�Ë�[^|}_.QTS�Å â z�ã�h�[uW�l=SAQT[ n8SAl=�
¸�SA`TZFt^t=YMaGS$W�`baGSAwxZmç�Áµ ��[^Y^aJ[^Y\W�qv_.X.`VY\[^]AX8ZFtjl=SAU=SAX.l=SAX8`V[^SHW�hAË�[^|}_.QTSoÅ â ZFãvh}YMaRSoQTSAt^ZFY\[^]AX

cs
[^W�l=SA`T]Awx�

U=]AW�SAlmY�]�Y^aGSfQVSHt^ZFY�[u]AX
student

ZFX.l
cs
_.WT[uX.|�Y^aGSfwxSAYMaR]Al=]At^]H|�p�ZFW�W�aG]C��X�z�SHt^]C� �

Í ��±	p{ZFU=U�t~p8[^X.|�Zf_.X8[^]AX�[^X.qvSAQVSHX.`VSRQV_8t^S�]Aq}Ë!Â�W�h���SR|}SHY�YMaGS�qv]At^tu]C��[^X.|�q�_.X8`VY�[u]AX.ZFt9l=SAU=SAX.l=SAX.`T[^SAW �
?Gz � X.ZFwxS ¥ WTS��
? µ � `V]Al=S�hæX.ZFwxS ¥ p8SAZFQbh}|}QVZjl�S

Éj��Ë	QT]AwÇÃ�Y�SHUyÉP[^XxYMaGS�wxSAY^aG]Al=]Atu]A|�pAhV��S$`´aGSA`b��SAZF`´a3qv_.X.`TY�[^]HX.ZFt=l�SHU�SHX.l=SAX.`�pA�

ó ��XT?Kz�h name
[^W�Z{U�ZjQVY�]Aq%Z{U�QT[^wxZFQ´p6�dS�p�]Aq8ç�Áµ �.iPSHX.`VS���Sol=SAs8X.S�Y^aGSoY\QVZFX8WTqv]AQTw1ZjY�[^]HX.W �

÷uþ=þ1Â3õ#�Eÿ , , student,name
8 8;¯;D^E�G!E*Kâ, ,

cs,name
8 87F!�

÷uþ=þ�Ãjû
û
ÿ , , student,sex
8 8
¯;D=,�Ej¯�Fm8HGhE*KV, ,

cs,name
8 8"Z
F
KV, ,

cs,sex
8 87Fh�

þKõ#� Ãjû
û
ÿ , , cs,sex
8 8;¯;D=,�E¡¯�F3¯�O=8HGm,JE¡¯�Fm8PKV, ,

cs,code,name
8 8�Z�O�K�, ,

cs,sex
8 87Fh�

ó ��X*?uµ�h code
ZFX.l

name
[^W�ZPU=QV[^wxZFQ�p��dSCp�WT]R��Sfl=]fX.]AY^aG[^X.|9�

Ø Ù¶/1*546ÜH25Þ�7�/1*

��X�Y^aG[^WdQTSAU=]AQTY�h�ZfY�QTZFX.W�q�]HQVwxZFY\[^]AX.�¡z�ZFW�SAlfZFU=U=QV]AZj`baxqv]AQ�[^X8Y�SA|}QTZFY�[uX.|�W�SAwx[^W�Y�QV_8`VY�_8QVSAl�l=ZFY\Z�aRZFW%z�SHSAX
[^X.Y\QV]Hl�_.`TSAl=����Y%aGZFW�W�aG]���X1Y^aGZFY!W�SAwx[^W�Y�QT_.`VY\_.QVSHlyl�ZjY�ZPWT]H_.QV`TSAW�`TZFX�z�S�X.ZFY\_.QVZjt^t p�QVSAU=QVSHWTSHX.Y�SHlP_.WT�
[^X.|$Z�X.S���wx]Al=SAtuh�Æ8�6k!k����Ak=aGS	Æ��6k!kj��wx]Al=SAt9qvZF`V[^tu[^Y�ZFY\SAWGYMaGS�[uX.Y�SH|}QVZFY\[^]AX�zFpy`�t^SHZFQVt pml=[^WTY\[^X.|}_.[uW�aG�
[^X.|mY^aGS{WT`baRSAwxZyqvQV]Aw Y^aGS�l=ZFY�Zjh�ZFX.l1U�QT]Cn8[^l=[^X.|P[^X.qv]AQTwxZFY�[^]HX�]AX�Y^aGS{]AQVl=SAQbh�YMp8U=S�ZFX.l1`VZjQVl=[^X.ZFt^[uYMp
]Aq�Y^aGS�l=ZFY�ZF�

ÉF®



k=aGSPZFU=U�QT]AZF`´a�aGZjW�q�]H`V_.W�SAlx]AXJU=QV]Cn8[ul�[^X8|mZ1|}tu]Cz�ZFtjn8[^S�� ]Aq!W�SAwx[^W�Y�QT_.`VY\_.QVSHl�l�ZFY\Z�W�]A_8QV`VSHW�Y�]PYMaRS
_.W�SAQb��±	p�ZFU�U=t p8[^X8|mYMaGS{±��	²³ZFU�U=QV]HZF`baGh%Z1WTSHY�]Aq	U�QT[^wx[^Y�[ n8S{Y�QTZFX.W�q�]HQVwxZFY\[^]AX�QV_.t^SHWfY�]PwxZFX.[^U=_.t^ZFY\S
Æ8�6k!k���aGZFW�z�SHSAX�l=SAs.X.SHl���k=aGS�[^X.Y\SA|}QVZjY�[^]HX1]Hq8Y^��]�aGSHY�SAQT]A|}SHX.SA]H_.W�WT]H_.QV`TSAW�_8WT[^X8|mZyWTSH�F_.SHX.`VS�]Hq
U=QV[^wx[^Y\[ n8SyY�QTZFX.W�q�]HQVwxZFY\[^]AX.WVh!Z�U�ZjYMa.�yZ�pAh�aGZFW�z�SASHX3[^t^t^_8WTY\QVZFY\SAl=�1Ã�[^X.`TS�SAZj`ba¹U=QV[^wx[^Y\[ n8SyY�QTZFX.W�q�]HQ��
wxZFY�[u]AX{aGZFW$ZFX�Zj_.Y�]Hw1ZjY�[^`TZFt^t p�l=SAQT[ n8Z�z�t^S�QTSCn8SHQVW�S�Y�QVZjX.WTqv]AQTwxZFY�[^]HX.h=U�ZFY^a.�yZ�p8W�ZFQTS�z�[^�vl=[^QVSH`VY�[u]AX.ZFtu�
k=aG[^WmZjt^t^]C��WPl=ZFY�ZJZFX.l��F_8SAQ´p5Y\]�z�S�Zj_.Y�]Hw1ZjY�[^`TZFt^t p,wx[^|}QTZFY�SHl�[uX,SH[^YMaGSHQ�l=[^QVSH`VY\[^]AX.Woz�SHYM��SHSAX3YMaRS
|}t^]�z�ZFt�n8[^S��ÇZFX.l1YMaGS�WT]H_.QV`TS�wx]Al=SAt^Wot^[^X��dl=SAl�zFp�Z�U=ZFY^a.�yZ�pA��k=aGS�SCn8]Atu_.Y�[^]HXx]Aq	l�ZFY\Z�W�]A_.QT`VSHW�ZFX.l
YMaRS6|}t^]Cz	ZFtHn8[^SC�µ`VZFX{z	S6SAZFW�[^t pPaGZjX.l�tuSAlfzFp�[^X.`TQVSHw1SHX.Y�Zjt^t p�SC�8Y�SHX.l=[^X.|�ZjX.lywx]Al=[^q¡p8[^X.|�Z�WTSH�F_.SAX8`VS
]Aq�Y\QVZFX8WTqv]AQTw1ZjY�[^]HX.W�Y�]�Zj`V`V]H_.X.Y�qv]AQ�QVSH`VSAX8Y	`´aGZFX.|}SHW��
k=aGS{Y�QTZFX.W�q�]HQVwxZFY�[u]AXmz	SAYM��SHSAX�Y^aGSoÆ8�6k!k��¶wx]Al=SAt�ZFX.lxYMaGSPQTSAt^ZFY\[^]AX8ZFt8wx]Al=SAt}aGZFW6ZFtuWT]oz�SHSAX�U=QVSH�
W�SAX.Y\SAl=����Y	aGZFW�W�aG]���X�Y^aGZFY�Y^aGSmY�QTZFX.W�q�]HQVwxZFY\[^]AX�ZFt^tu]C��W6W�SAwx[^W�Y�QT_.`VY\_.QVSHl�l�ZjY�ZxWT]H_.QV`TSAW6Y\]$z�Sm[^X.�
Y�SH|}QVZFY\SAlf��[uYMa,Y^aGS6l=ZFY�ZmW�Y�]HQVSAl�[^X�Y^aGS6QVSHt^ZFY\[^]AX.Zjt�w1]Hl�SHt^��ù¥[^YMa�YMaGS6Y\QVZFX8WTqv]AQTw1ZjY�[^]HX{z�SAY^��SASAX1YMaRS
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