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WHFKQRORJ\� VRIWZDUH HQJLQHHULQJ� HOHFWURQLF LQIRUPDWLRQ� LQIRUPDWLRQ PDQDJHPHQW DQG DSSOLHG

PDWKHPDWLFV� :LWK WKH GHYHORSPHQW RI FRPSXWHU VFLHQFH DQG FRPSXWHU DSSOLFDWLRQV PRUH ZLGHO\�

WKH DSSURSULDWH PDWKHPDWLFDO WRROV WR VROYH SUREOHPV DERXW GLVFUHWH TXDQWLW\ WKHRU\ LQ WKH ILHOG RI

FRPSXWHU VFLHQFH LV DQ XUJHQW QHHG� 'LVFUHWH PDWKHPDWLFV LV HVWDEOLVKHG WR DGDSW WR WKLV QHHG�
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WKH PDWKHPDWLFDO WRRO IRU WKH VWXG\ RI IROORZ�XS FRXUVHV VXFK DV GDWD VWUXFWXUH� RSHUDWLQJ V\VWHP�

FRPSLOHU SULQFLSOH� IRUPDO ODQJXDJH DQG DXWRPDWRQ� LQIRUPDWLRQ PDQDJHPHQW DQG UHWULHYDO� EXW
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₃ ̆ Ώ₃ № ‰̆ Ҋ̔

1.ᵬҙ № ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

֜ᵬҙ̆

̆

̆

№ ̆

Ȃ

֜ᵬҙ̆

̆

̆ № ̆

Ȃ

֜ᵬ

ҙ̆

̆

̆

Ȃ

֜ᵬ

ҙ̆

ȁ

̆

אל Ҍ̆

֜ᵬҙ̆

̆

Ҍ ȁ

Ҍ

�

֜ᵬҙ̆

ҍ

̆

ȁ№

Ȃ

֜ᵬҙ̆

ҍ ̆

ȁ№

Ȃ

֜ᵬ

ҙ̆

ҍ ̆

ȁ№

Ȃ

֜ᵬ

ҙ̆

ҍ ̆

ȁ№

אל Ҍ̆

֜ᵬҙ̆

Ҍ̆

ҍ ̆

Ҍ

ȁ

№

�

֜ᵬҙ̆

Ῑ

̆

№

Ȃ

֜ᵬҙ̆

Ῑ

̆

№

Ȃ

֜ᵬ

ҙ̆

Ῑ

̆

№

Ȃ

֜ᵬ

ҙ̆

Ῑ ̆

№

אל Ҍ̆

֜ᵬҙ̆

Ҍ̆

Ῑ Ҍ̆

№

�

֜ᵬҙ̆

ӟ

ҕ ȁ

ֲ ᴇṿ

̆

⌠ Һ

ӟ

Ȃ

֜ᵬҙ̆

ӟ

ҕ ȁֲ

ᴇṿ ̆

⌠ Һ

ӟ

Ȃ

֜ᵬ

ҙ̆

ӟ

ҕ ȁֲ

ᴇṿ ̆

⌠ Һ

ӟ

Ȃ

֜ᵬ

ҙ̆

ӟ

ҕ

ȁֲ

ᴇṿ ̆

⌠ Һ

ӟ

אל Ҍ̆

֜ᵬҙ̆

Ҍ̆

ӟ

ҕ

ȁֲ ᴇṿ

Ҍ̆

⌠ Һ

ӟ
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2. ᴇ ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

̆

̆ № ̆

̆ ӟ

ᴨ Ȃ

̆

̆ №

̆ ̆

ӟ

Ȃ

̆

̆

̆ ӟ

Ҭ Ȃ

ȁ

̆

̆

ӟ Ȃ

̆

Ҍ

ȁ Ҍ

̆ ӟ

Ҍ Ȃ

�

ҍ ̆

ȁ

№ ̆

ӟ ᴨ Ȃ

ҍ ̆

ȁ№

̆

ӟ Ȃ

ҍ

̆

ȁ№

̆ ӟ

Ҭ Ȃ

ҍ

̆

ȁ№

̆ ӟ

Ȃ

Ҍ̆

ҍ

̆

Ҍ

ȁ№

̆ ӟ

Ҍ Ȃ

�

Ῑ

̆ №

̆ ӟ

ᴨ Ȃ

Ῑ

̆

№

̆ ӟ

Ȃ

Ῑ ̆

№

̆

ӟ Ҭ

Ȃ

Ῑ

̆

№

̆

ӟ

Ȃ

Ҍ̆

Ῑ

Ҍ̆

№

̆ ӟ

Ҍ Ȃ

�

ӟ

ҕ ȁֲ

ᴇṿ ̆

⌠ Һ

ӟ ̆

ӟ ᴨ Ȃ

ӟ

ҕ ȁֲ

ᴇṿ ̆

⌠

Һ ӟ

̆

ӟ Ȃ

ӟ

ҕ

ȁֲ

ᴇṿ ̆

⌠ Һ

ӟ

̆ ӟ

Ҭ Ȃ

ӟ

ҕ

ȁֲ ᴇ

ṿ ̆

⌠ Һ

ӟ ̆

ӟ

Ȃ

Ҍ̆

ӟ

ҕ ȁ

ֲ ᴇṿ

Ҍ̆

⌠ Һ

ӟ

̆ ӟ

Ҍ Ȃ
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3. ҍ ᴇ ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

̆

̆ ̆

№ ̆

̆ ᴨ Ȃ

̆

̆

̆

̆ Ȃ

ȁ

̆

̆

̆ Ҭ

Ȃ

ȁ

̆

̆

Ȃ

Ҍ

ȁ Ҍ

̆ Ҍ

̆ Ҍ

Ȃ

�

ҍ ̆

ȁ№ ̆

ᴨ Ȃ

ҍ

̆

ȁ№

̆ Ȃ

ҍ

̆

ȁ№

̆ Ҭ Ȃ

ҍ

̆

ȁ№

̆ Ȃ

Ҍ

ҍ

̆

Ҍ

ȁ№

̆ Ҍ

Ȃ

�

Ῑ

̆

№

̆

ᴨ Ȃ

Ῑ ̆

№

̆

Ȃ

Ῑ

̆

№

̆

Ҭ Ȃ

Ῑ

̆

№

̆

Ȃ

Ҍ

Ῑ

Ҍ̆

№

̆ Ҍ

Ȃ

�

ӟ

ҕ ȁֲ

ᴇṿ ̆

⌠ Һ

ӟ

̆ ᴨ Ȃ

ӟ

ҕ

ȁֲ

ᴇṿ ̆

⌠ Һ

ӟ

̆ Ȃ

ӟ

ҕ

ȁֲ ᴇ

ṿ ̆

⌠ Һ

ӟ ̆

Ҭ Ȃ

ӟ

ҕ

ȁֲ ᴇ

ṿ ̆

⌠ Һ

ӟ ̆

Ȃ

Ҍ

ӟ

ҕ

ȁֲ ᴇ

ṿ Ҍ̆

⌠ Һ

ӟ

̆ Ҍ

Ȃ
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̕

�̈ ԅ ̆ ̆ΐ ѿ

Һ ӟ ⱬȂ

̂҈̃ ҙ ῏

ҙ ҙ

�
��� Ὲ ȁ Ḥ ↕ ҙ

̆ ȁ ̆

ῒ ῃ ̕

�� ҙ ̔ΐ ֲ ᴪ Ῑȁ ᴪ

ᴋ ̆ Ҭ

ҙ ̆ ᴋȂ

�
��� ⌠ ΐ ‗ ̆

ᴆ ̆ ᴆ ̆

ף ‗ ̕

�� № ̔ ȁ

̆ ≢ȁ ȁ

№ ץ̆ Ȃ

�
��� ̆ ȁ ᴆ ᾝ̂

ҍ ̃ ҍ ̆ ᴆ

ᴨ №ᾟץ̆ ̕

�� � ‗ �
‗ ̆

ᴆ ῏֟ ̆

Ҭᵣ ⇔ ̆ ᴪȁ

ẫ ȁ ῃȁ ȁ ץ Ȃ

�

����ΐ Һ ӟ Ғҙ ⱬ̆

ȁ ₮

ⱬȁ Ғҙ ̆ ԅ

ῒ Ҭ ꜚ ̆

ӊԍ Һ ӟȂ

��� ӟ� ΐ Һ ӟ ӟ

̆ Ҍ ӟ ⱬȂ

҈ȁ ῤ ȁ ҍ №

ῤ ӟ
ȁ ̂ ȁ

ȁ҉ ȁ ̃

ѿ

ҍ &

&̆ &̆
� �̆�

ԋ ҍ � �̆�

҈

F

& ȁ ṿ ȁ ῀ ₮ȁ

῀ ₮ȁ ῀ҍ ₮
� ���

ȁLI ȁVZLWFK
� ���

ԓ └ ZKLOH ȁGR a ZKLOH ȁIRU ȁ

ȁEUHDN FRQWLQXH
� ���

Έ ѿ ȁԋ ȁ � ���

҂ ₱ ₱ ӈȁ ȁ₱ ₱ ṿȁ

ῃ
� �����

ῇ ȁ ȁ ȁ ұ

ȁ₱ ȁ ṿ ₱ Ȃ

�

�
�������

Ӝ ᵣȁ῍ ᵣȁ ҽ �
� ���

ᴆ ᴆ ̕ ᴆ ̕ ᴆ ҍ῏ ̕

ᴆ Ώ
� �Ā��
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ȁ ᴇ

 ������ ��� ���� ���Ȃ

ῤ ̆ ⱬ �Ӟ ҹ

῏ ⱬ Ȃ̃

̂ѿ̃

 ������ ��� ���� ���Ȃ

ſ Ȃ

ƀ ԋ №≢ ���̆ ���Ȃ Ҍ

ῤ Ȃ

Ɓ ̔ ���Ȃ ̆ ҉ ᴋⱵ̆

Ȃ

̂ԋ̃

1.

̂�̃ №ҹ ��№̆ ���

̂�̃ԋ №≢ ���̆ ���Ȃ Ҍ

ῤ Ȃ

Ɓ ̔ ���Ȃ ̆ ҉ ᴋⱵ̆

Ȃ

̂�̃ ̔ ̆ ���№̆ ���Ȃ

̂�̃ ᶭ ̔ № ‰ Ȃ

̂�̃ ̔ ȁ ȁ Ȃ

̂�̃ ῤ ̔ Ȃ

2. ҍ ᴇ

ᶛ̂ ���� ���̃

̂���̃

̂���̃
�����

�

�����

�

�����

� � �

� � �� �� �� ��

� � � � �� ��

� �� ��

� ̃ �� �� �� �� ���
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ԓȁ

̆ ҩ ⅞№ҹ ��ҩ ̆ ҩ ȁӟ

ȁ ȁ ᵬҙ Ȃ ᵬҹ ꜛ

ȁ ӟ ȁ Ȃ

̔ , ̆Ḡ ᾟ№ ҉ ̆

ῤ Ȃᶏ ҬҌ ‗ ̆ ⌠ Ȃ

ᾟ ̔ ԍҺ Ҭ̆ҹ ҩ ȁ ῏ ȁ ꜛ

Һ ӟȁ ῏ῤ Ȃ

Έȁ

ȇ̔& ̂ Ȉ̃̆ ̆ ₮ ̆����

ӥ ̔

�� & � � � %̆�:�.HUQLJKDQ 	 '�0�5LWKLH ̆ ̆ ҙ₮

�� %HJLQQLQJ &� )URP 1RYLFH WR 3URIHVVLRQDO�& ῀ ῖ�� )RXUWK (GLWLRQ $SUHVV̆,YRU

+RUWRQ� ,6%1 ���������� &

�� 3ULPHU 3OXV̆̂ ̃ ̂3UDWD� 6�� ̆Ԑ ᵬ ֲ̆ ₮ � ̂ ԓ

̃

�� 7KH $UW RI &RPSXWHU 3URJUDPPLQJ̆'RQDOG (� .QXWK� � � � ҙ₮

Һ ֲ̔–

ֲ̔

̔

◐ ̔

̔���� � �
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ᴆ̔ ҍ ᴇ ‰

₃ ̆ Ώ₃ № ‰̆ Ҋ̔

1. № ‰

ᴨ

̂№ ���№̃
̂ ��Ů№ ̖

��̃

Ҭ

̂ ��Ů№ ̖

��̃

̂ ��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

҉

̆ ֜ᵬҙ̕

ȁ

̕

№ ̆

Ȃ

҉

̆ ֜

ᵬҙ̕

ȁ

̕

Ȃ

҉

ҹ ̆

֜ ᵬ

ҙ̕

ȁ

̕

Ȃ

҉

̆

֜ ᵬ

ҙ̕

ȁ

̕

Ȃ

҉ Ҍ

̆Ҍ

֜ ᵬ

ҙ̕

̕

Ҍ ȁ

Ҍ Ȃ

�

҉

̆ ֜ᵬҙ̕

ȁ

̕

№ ̆

Ȃ

҉

̆ ֜

ᵬҙ̕

ȁ

̕

Ȃ

҉

ҹ ̆

֜ ᵬ

ҙ̕

ȁ

̕

Ȃ

҉

̆

֜ ᵬ

ҙ̕

ȁ

̕

Ȃ

҉ Ҍ

̆Ҍ

֜ ᵬ

ҙ̕

̕

Ҍ ȁ

Ҍ Ȃ

�

҉

̆ ֜ᵬҙ̕

ȁ

̕

№ ̆

Ȃ

҉

̆ ֜

ᵬҙ̕

ȁ

̕

Ȃ

҉

ҹ ̆

֜ ᵬ

ҙ̕

ȁ

̕

Ȃ

҉

̆

֜ ᵬ

ҙ̕

ȁ

̕

Ȃ

҉ Ҍ

̆Ҍ

֜ ᵬ

ҙ̕

̕

Ҍ ȁ

Ҍ Ȃ

�

҉

̆ ֜ᵬҙ̕

ȁ

̕

№ ̆

Ȃ

҉

̆ ֜

ᵬҙ̕

ȁ

̕

Ȃ

҉

ҹ ̆

֜ ᵬ

ҙ̕

ȁ

̕

Ȃ

҉

̆

֜ ᵬ

ҙ̕

ȁ

̕

Ȃ

҉ Ҍ

̆Ҍ

֜ ᵬ

ҙ̕

̕

Ҍ ȁ

Ҍ Ȃ
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2. ̂1ȁ2̃ ‰

ᴨ

̂№ ���№̃
̂ ��Ů№ ̖

��̃

Ҭ

̂ ��Ů№ ̖

��̃

̂ ��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

῀

ѿ Ȃ

№ ̆ ‗

Ȃ

ѿ

Ȃ

№ ̆

‗ Ȃ

ѿ

Ȃ

№ ̆ ‗

Ȃ

ѿ

Ȃ

№

̆

‗ ̆

ᵖ Ȃ

ѿ

ӎ

ȂҌ

№

̆ ‗

Ҍ Ȃ

�

̆

ҍ Ȃ

ᴨ

̆

Ȃ

̆

ҍ

Ȃ

ᴨ

̆

Ȃ

̆

ҍ

Ȃ

ᴨ

̆

Ȃ

̆

ҍ

Ȃ

ᴨ

̆ ̆

ᵖ Ȃ

̆Ҍ

ҍ Ȃ

ᴨ

Ȃ

3. ҍ ᴇ ‰

ᴨ

̂№ ���№̃
̂ ��Ů№ ̖

��̃

Ҭ

̂ ��Ů№ ̖

��̃

̂ ��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

῀

ѿ Ȃ

№ ̆ ‗

Ȃ

ѿ

Ȃ

№ ̆ ‗

Ȃ

ѿ

Ȃ

№ ̆ ‗

Ȃ

ѿ

Ȃ

№

̆

‗ ̆

ᵖ Ȃ

ѿ

ӎ

ȂҌ

№

̆ ‗

Ҍ Ȃ

�

̆

ҍ Ȃ

ᴨ

̆

Ȃ

̆

ҍ

Ȃ

ᴨ

̆

Ȃ

̆

ҍ

Ȃ

ᴨ

̆

Ȃ

̆

ҍ

Ȃ

ᴨ

̆ ̆

ᵖ Ȃ

̆Ҍ

ҍ Ȃ

ᴨ

Ȃ
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1.3 5204211ȇ IIȈ

ѿȁ Ḥ

Ҭ ̔ ,,

̔3URJUDPPLQJ )RXQGDWLRQV ,,

������� № ���

̔��
҉

�� � �� �

Ḥ �

ֲ Ғҙ

ҍ ̆ ᴆ ̆ Ḥ ҍ

Ḥ̆ ҍ ̆ ҍ

ᾢḱ
ᾢḱ ̔ ,Ȃΐ ᴆ№ ҍ ⱬ̆ ≠ץ &

Ȃ

ԋȁ ׃

̂ѿ̃ ’

ȇ ,,Ȉ Ḥ Ғҙ ѿ ḱ ̆Һ ׃

̆ Ῑ ȁ ⱬȂ ԍ

&�� ̆ Ῑ ⱬȁ№ ‗ ⱬȂ

ץ ᶏ &�� ̆ ҹ

῏ ӟ Ҋ Ȃ

3URJUDPPLQJ )RXQGDWLRQV ,, LV D FRPSXOVRU\ FRXUVH RI EDVLF HGXFDWLRQ IRU LQIRUPDWLRQ

PDMRUV� ,W PDLQO\ LQWURGXFHV WKH LGHD DQG PHWKRG RI REMHFW�RULHQWHG SURJUDPPLQJ� DQG FXOWLYDWHV

WKH DELOLW\ RI REMHFW�RULHQWHG SURJUDPPLQJ� GHYHORSPHQW DQG GHEXJJLQJ� 7KH FRXUVH LV EDVHG RQ

&�� ODQJXDJH WR WUDLQ WKH DELOLW\ RI SURJUDPPLQJ� DQDO\]LQJ DQG VROYLQJ SUREOHPV XVLQJ

REMHFW�RULHQWHG PHWKRG�

6WXGHQWV FDQ PDVWHU WKH EDVLF PHWKRGV DQG VNLOOV RI XVLQJ &�� ODQJXDJH IRU DSSOLFDWLRQ

GHVLJQ� DQG OD\ D IRXQGDWLRQ IRU WKH IROORZ�XS VWXG\ RI SURJUDP GHVLJQ UHODWHG FRXUVHV�

̂ԋ̃

�̔ ≠ ̆ ₮ ‗ ΐ̕ ≠

ᴆ ⱬ̆ ᴆ ̕ ԍ

&�� ̆ Ώ ‗ ̕ΐ Ḥ Ῑ ≠ ‗

Ȃ
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ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

ҍ

̂�̃ ₱ ₱

̂�̃ Ҭ

ῒז

̂�̃

̂�̃ ҍ ӊ ṿ

Ὶ ῏

̂�̃

̂�̃

̔ ̆ ̆

̔ ̆

�

�

�

�

ԓ ҍ

̂�̃

̂�̃

̂�̃

̂�̃ ₱

̔ ᾝ ̆

̆ ̆ ₱

̔ ᾝ ̆
�

�

�

�

Έ ҍ

̂�̃ ӈ

̂�̃₱ ҍ ₱

̂�̃ ҍ

̂�̃

̔₱ ҍ ₱ ̆

ҍ ̆

̔₱ ҍ ₱ ̆
�

�

�

�

҂ &�� ҍ ῀ ₮

̂�̃&��

̂�̃ ӈ ῀ ₮

̂�̃ ӈ ῀ ₮

̂�̃ ᴆ ῀ ₮

̔,�2 ‰ ̆ ᴆ

̆,�2 ₱ ̆ ₮

└̆ ұ ̆ ӈ

ᵬ

̔,�2 ‰ ̆ ᴆ

�

�

�

�

�̔&��

̂�̃ ѿ ӟ 9&�����

̂�̃ &��

῀ ̔ Ῑ Ḥ ҉

ҙ ̕ Ῑ

ӟ

ԅ Ḥ

׆

Ḥ ̕

ҍ Ḥ

֜ Ҭ

Ȃ

9LVXDO VWXGLR ��� ∆

ᶏ &�� ӟ
� ҉

�

�

�̔ �

̂�̃ ӈ

̂�̃ ⇔

̂�̃

̂�̃ Ώ ̆ᴋ ׆ ῀

ңҩ ̆ ױ ⌠

₮Ȃ

̂�̃ F\OLQGHU №≢

ᵣ Ȃ

̂�̃ ѿҩ �� Ȃ

� ҉

�

�

�
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ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

�̔ �

̂�̃ ӟ

₱ ӈ ᶏ

̂�̃ ӟ ᾝ₱ ӈ ᶏ

̂�̃ Ώ ̆ ₮ Ḥ

₮ ֲ

̂�̃ ѿҩ

/RFDWLRQ №̆≢ ₱

ᾝ₱ ңҩ

ӊ

� ҉

�

�

�

�̔ �

̂�̃ ӈ ᶏ

̂�̃ Ὲ ȁ Ḡ

̆ ↕

̂�̃ Ώѿҩ

῀ ̕

̂�̃ Ώ ᶛ ̆ ΎȂ

� ҉

�

�

�

�̔

̂�̃ ӈ ᶏ

̂�̃ ӈ ᶏ

̂�̃ ᵬ ץ̆

ᶏ Ԋ

Ώ ᶛ ̆ Ύ̆Ώ₮

Һ ̆ KH
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ȁ ᴇ

̂ѿ̃

Һ ׆ ң ӟ ’ ῒ̆Ҭ Ҭ

ᵬҙȁSWDᵬҙ Ȃ

↕҉ ҊῈץ ̔

̗ ¦����SWDᵬҙ¦���� ¦���� ᵬҙ¦���

̂ԋ̃

1.

̂�̃ №ҹ ���№̆ ���

̂�̃ Ҭ ȁSWDᵬҙ Ȃ

̂�̃ ̔ ᵬҙ ̆ ���№̆ ���Ȃ

̂�̃ ᶭ ̔ ᵬҙ № ‰ Ȃ

̂�̃ ῤ ̔ ̆ ̆ ᵬҙ Ȃ

2. ҍ ᴇ

ᶛ̂ ���� ���̃

̂���̃

̂���̃
�����

SWDᵬҙ

����� �����

� � � � �� ��

� � � � �� ��

� � � � �� ��

� � � � �� ��

� ̃ �� �� �� �� ����
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ԓȁ

ҍ҉ ̆ ȁ ץ Ȃ
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7KH FRXUVH RI GDWD VWUXFWXUHV DQG $OJRULWKPV LV RQH RI WKH FRPSUHKHQVLYH IRXQGDWLRQ VSHFLDOLVW

VXEMHFWV IRU LQIRUPDWLRQ PDMRUV� :KHWKHU LW LV D FRPSLOHU RU DQ RSHUDWLQJ V\VWHP� LW LQYROYHV LVVXHV

UHODWHG WR GDWD VWUXFWXUHV VXFK DV WKH DOORFDWLRQ RI GDWD HOHPHQWV LQ PHPRU\� 7KH GDWD VWUXFWXUH FDQ

EH WKRXJKW RI DV D FRUH FRXUVH EHWZHHQ PDWKHPDWLFV� FRPSXWHU KDUGZDUH� DQG FRPSXWHU VRIWZDUH�

,Q FRPSXWHU VFLHQFH� GDWD VWUXFWXUHV DUH QRW RQO\ WKH EDVLV RI JHQHUDO SURJUDPPLQJ� EXW DOVR DQ

LPSRUWDQW EDVLV IRU GHVLJQLQJ DQG LPSOHPHQWLQJ FRPSLOHUV� RSHUDWLQJ V\VWHPV� GDWDEDVH V\VWHPV�

DQG RWKHU V\VWHP SURJUDPV DQG ODUJH DSSOLFDWLRQV�

7KLV FRXUVH PDLQO\ LQWURGXFHV WKH ORJLFDO VWUXFWXUH� VWRUDJH VWUXFWXUH DQG RSHUDWLRQ

UHDOL]DWLRQ RI W\SLFDO GDWD VWUXFWXUHV VXFK DV OLQHDU WDEOHV� VWDFNV� TXHXHV� VWULQJV� DUUD\V� WUHHV DQG

ELQDU\ WUHHV� JUDSKV� HWF� $QG WKH UHFXUVLYH DOJRULWKP GHVLJQ PHWKRGV DQG YDULRXV W\SLFDO VRUWLQJ

DQG ORRNXS DOJRULWKP GHVLJQ DUH LQFOXGHG DOVR�
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ѿȁ Ḥ

Ҭ ̔ № ҍ

̔'DWD $QDO\VLV 3ULQFLSOH DQG 7HFKQRORJ\

������� № �

̔��
҉

��

Ḥ �

ֲ Ҽ Ғҙ ҍ

ᾢḱ

ᾢḱ ȇ̔ ҍ Ȉȇ3\WKRQ Ȉȇ Ȉ

̔S\WKRQᵬҹ № ΐ̆ S\WKRQ

̆ ȁ₱ ӈ ᴆ ᵬ̕ №

̆ № ῤ ȇ̕ Ȉ Ῑ ᾢ ̆

ҍ ȁ ӊ ̆

ῤ ̆ ҍ ᴪ ҩ ӊ Ȃ

ԋȁ ׃

̂ѿ̃ ’

ȇ № ҍ Ȉ ҍ Ғҙ ѿ Ғҙ ḱ ̆ Һ

№ ҍ № Ȃ ῤ 1XP3\ȁ

№ ΐ 3DQGDVȁ № ҍ ȁ ҍ№ ȁ ȁ

№ ↓№ Ȃ

ӟ ᶏ̆ ∆ № ̆ Ῑ

№ ҍ№ ⱬ ҹ̆ ӟ ‗ Ҋ

Ȃ

'DWD $QDO\VLV 3ULQFLSOH DQG WHFKQRORJ\ LV D UHTXLUHG FRXUVH IRU GDWD VFLHQFH DQG %LJ 'DWD

7HFKQRORJ\ 0DMRU� 7KLV FRXUVH PDLQO\ WHDFKHV WKH EDVLF SULQFLSOHV DQG PHWKRGV RI GDWD DQDO\VLV�

7KLV FRXUVH FRYHUV 1XP3\� GDWD DQDO\VLV WRRO 3DQGDV� GDWD TXDOLW\ DQDO\VLV DQG 'DWD

SUH�SURFHVVLQJ� GDWD DJJUHJDWLRQ DQG JURXSLQJ VWDWLVWLFV� GDWD YLVXDOL]DWLRQ� GDWD DQDO\VLV PHWKRGV

DQG WLPH VHULHV DQDO\VLV�

%\ VWXG\LQJ WKLV FRXUVH� WKH VWXGHQWV FDQ JUDVS WKH EDVLF SULQFLSOHV DQG PHWKRGV RI GDWD

DQDO\VLV� WUDLQ DQG WUDLQ WKH VWXGHQWV
 DELOLW\ RI GDWD SURFHVVLQJ DQG DQDO\VLV� IRU WKH IROORZ�XS

FRXUVHV WR OHDUQ DQG VROYH SUDFWLFDO SUREOHPV WR OD\ D JRRG IRXQGDWLRQ�
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ῤ ӟ ȁ

҂ ↓ №

̂�̃ ↓ ⇔

̂�̃ ↓ ᵬ

̂�̃ ↓ ꜚ

̂�̃

̂�̃ ĺ ꜚ
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̂�̃ ᶛĺ ᴇ№

̔ ↓

ᵬȁ

ARIMA

̔ ↓
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Ῑ Ҍ
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ȁ
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�

�
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ץ ҹҺ ץ̆
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ῤ Ȃ

̂ѿ̃

ҹ ̆ ̂���̃ ̂���̃ Ȃ
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̂�̃ң №≢ ���̆ ���Ȃ Ҍ

ῤ Ȃ

̂�̃ ̔ ���Ȃ ̆

ᴋⱵ̆ Ȃ

̂ԋ̃

 ������ ��� ���� ���

1.

̂�̃ №ҹ ��№̆ ���
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̂�̃ ̔ ȁ ȁ ȁ № Ȃ

̂�̃ ῤ ̔ ῤ ̆
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ԓȁ

ӟҍ ̆ Ῑ № ⱬ ᶏ̆ №
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ᴆ̔ ҍ ᴇ ‰
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2.2 5104023ȇ ҍ Ȉ

ѿȁ Ḥ

Ҭ ̔ ҍ

̔3ULQFLSOHV DQG $SSOLFDWLRQV RI 'DWD 9LVXDOL]DWLRQ

������� № �

̔��
҉
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Ḥ �

ֲ Ғҙ ҍ

ᾢḱ 3\WKRQ ȁ № ҍ ȁ

ԋȁ ׃

̂ѿ̃ ’

ȇ ҍ Ȉ ҍ Ғҙ ḱ Ȃ

ץ̆ ₮ Ḥ Ṣ̆ꜛ

Ȃ ׃ ȁ ̆ᶏ

̆ ∆ ΐ № ‗ ⱬȂ

�'DWD 9LVXDOL]DWLRQ 3ULQFLSOHV DQG $SSOLFDWLRQV� LV D UHTXLUHG FRXUVH IRU GDWD VFLHQFH DQG ELJ

GDWD WHFKQRORJ\ PDMRUV� 'DWD YLVXDOL]DWLRQ LV WKH YLVXDOL]DWLRQ RI GDWD DQG WKH LQIRUPDWLRQ

DEVWUDFWHG LQ D VXPPDU\ IRUP� ZKLFK FDQ EH PRUH HIIHFWLYHO\ H[SUHVVHG DQG FRPPXQLFDWHG E\

JUDSKLFDO PHDQV� 7KLV FRXUVH V\VWHPDWLFDOO\ LQWURGXFHV WKH EDVLF FRQFHSWV� SULQFLSOHV DQG

DSSOLFDWLRQ WHFKQRORJLHV RI GDWD YLVXDOL]DWLRQ� VR WKDW VWXGHQWV FDQ PDVWHU GDWD YLVXDOL]DWLRQ

WHFKQRORJ\ DQG LQLWLDOO\ KDYH WKH DELOLW\ WR DQDO\]H DQG VROYH SUREOHPV ZLWK WKH NQRZOHGJH WKH\

KDYH OHDUQHG�
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̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�
̂���̃

ԍ

№ ̆ ̆

ҍ ΐ

ȁ ҍ ̆

⌠

№

ⱬȂ

῏ ̆ ‰

№ ̆ ̆

ҍ ΐ ȁ

ҍ ∆̆

№

Ȃ

῏ ̆

ΐ

№ ̆ ̆

ҍ ΐ

ȁ ҍ ̆

׆ №

ѿ

Ȃ

῏ ∆̆

ΐ

№ ̆ ̆

ҍ ΐ

ȁ ҍ ̆

׆

№ ѿ

Ȃ

Ҍ ῏

̆

№ ̆

̆

ҍ

ΐ ȁ

ҍ ̆ ׆

№

ѿ

Ȃ

�
̂���̃

̆

ҍ

ȁ

№ ΐ̆

№

№ ̆

ῒ

̆

ҍ ȁ

№

ΐ̆ №

№ ̆

№ ῒ

̆

ҍ

ȁ ѿ

№

ΐ̆ №

№

ΐ̆

ҍ ȁ

ѿ №

ΐ ⱬ̆

№

№

Ҍ̆

ҍ

ȁ ѿ

№

ΐ ⱬ̆

№

№

�
̂���̃

ӟ Һꜚ̆

ӟ̕ ‰ ᾟ

№̆ ̆

̆

Ȃ

№ ᵝ

ΐ ҙ

ȁ ҙ

Ȃ

ӟ ̆ ץ

ӟ̕

̆

ҹ ̆

Ȃ

№ ᵝ

ΐ ҙ

ȁ ҙ

ҹ Ȃ

ӟ ̆ᴪ

ӟ̆

҉ Ḡ אל₮ ̆

Ҍ

̆ №

ᵝ

ҙ ȁ

ѿ Ȃ

ץ ӟ̆

̆

Ȃ

ΐ № ҍ

ᵝ ҙ

ȁ ҙ

Ȃ

Ҍ Ạ⌠

ӟ ‰ Ȃ

Ҍ Ȃ

№ ҍ

ᵝ ΐ

ҙ ȁ

ҙ

Ҍ ᾟ№Ȃ
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2.3 5204072ȇ ᴆ Ȉ

ѿȁ Ḥ

Ҭ ̔ ᴆ

̔$Q ,QWURGXFWLRQ WR 6RIWZDUH (QJLQHHULQJ

������� № �

̔��
҉

�� � � �

Ḥ �

ֲ Ԑ Ғҙ ҍ Ғҙ

ᾢḱ ,ȁ ,,ȁ-$9$ ȁ

ԋȁ ׃

̂ѿ̃ ’

Һ ᴆ ȁ ҍ Ȃ׆ ᴆ ȁ ᴆ

ᴆ ₃ҩ ԅ ᵥ ȁ ץ ԍ

ᴆ ҬȂ Һ ῤ ̔ ᴆ ȁ ᴆ ȁ № ҍ

ȁ № ҍ ȁ ᴆ ȁ ᴆ Ȃ ӟ̆ᶏ

ȁ ᴆ ∆̆ ԅ ᴆ ԍ ᴆ

̆ ᴆ ῤ ѿҩ ᵣ ԅ Ȃ

7KLV FRXUVH PDLQO\ WHDFKHV WKH EDVLF SULQFLSOHV� FRQFHSWV DQG WHFKQLFDO PHWKRGV RI VRIWZDUH

HQJLQHHULQJ� /HDUQ KRZ WR DSSO\ V\VWHPDWLF� VWDQGDUGL]HG DQG PHDVXUDEOH HQJLQHHULQJ PHWKRGV WR

VRIWZDUH GHYHORSPHQW DQG PDLQWHQDQFH IURP WKH DVSHFWV RI VRIWZDUH GHYHORSPHQW WHFKQRORJ\�

VRIWZDUH HQJLQHHULQJ PDQDJHPHQW DQG VRIWZDUH HQJLQHHULQJ HQYLURQPHQW� 7KH PDLQ FRQWHQWV RI

WKH FRXUVH LQFOXGH� VRIWZDUH HQJLQHHULQJ� VRIWZDUH OLIH F\FOH� VWUXFWXUHG DQDO\VLV DQG GHVLJQ

PHWKRGV� REMHFW�RULHQWHG DQDO\VLV DQG GHVLJQ PHWKRGV� VRIWZDUH WHVWLQJ� VRIWZDUH PDLQWHQDQFH� HWF�

7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ EDVLFDOO\ PDVWHU VRIWZDUH GHYHORSPHQW WHFKQLTXHV

VXFK DV VWUXFWXUHG PHWKRGV DQG REMHFW�RULHQWHG PHWKRGV� DQG KDYH D SUHOLPLQDU\ XQGHUVWDQGLQJ RI

WKH FRQFHSW RI VRIWZDUH UHXVH DQG FRPSRQHQW�EDVHG GHYHORSPHQW PHWKRGV� DQG KDYH D JHQHUDO

XQGHUVWDQGLQJ RI VRIWZDUH HQJLQHHULQJ PDQDJHPHQW DQG HQYLURQPHQW OHDUQ�

̂ԋ̃

ȇ ᴆ Ȉ ΐ ѿ ҉̆ ӟ ᴆ ȁ

ҍ ѿ Ғҙ Ȃ ᴆ ȁ ҍ Ȃ
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ῤ ȁ ȁ ̆ ̆ᴰ ᴆ ȁ ҍ

̆ ҍ ⱬ Ȃ

�� ᶏ ᴆ ̆ ᶏ ΐ ΐᵣ

̕ ԍ ᴆ ̆ ‗

̕

�� ᴆ ȁ ̆ ȁᴨ

̆ ᴆ Ҭ ̕

�� ᴆ ᴆ ΐ̆ ץ ᴆ№ ȁ

ȁ ꜚ̕

��ΐ Ҭ ᴆ № ȁ ⱬ̆ זҍῒץ

̆ ᵬ῍Ԋ̕

�� ᶛ ҍ№ ⱴ ᴆ Һ ̆ ꜚ ȁ

ȁ Ҭ ҍ ‗ ⇔ ⱬ̕

�̔ ҉ ӟ ̆ΐ Ғҙ ̆

ΐⱴץ ѿ Ȃ

Ḡ ᾟ№ ҉ ̆ ῤ Ȃᶏױז

Ҭ Ҍ ‗ ̆ Ῑ ⱬ̆ Ҭ

̆№ ̆ Ῑױז ‗ ⱬȂ

̂҈̃ ҙ ῏

̂ ̔ Ῑ ̆ ҙ ԋ ̆

ҙ ̃

ҙ ҙ

�

��� ΐ Ғҙ ᴆ

̆ ῒ ԍҒҙ

№ ̕

�� ԅ̔ ҒҙḤ ῏

̆ ȁ ȁ

Ғҙ ԍ ‗ ҍ Ғҙ

ῒ Ȃ

�

��� ᴆ ֟ ῃ ȁῃ

� ԅ̆

̕

�� � ‗ ̔

‗ ̆

ᴆ ῏֟ ̆

Ҭᵣ ⇔ ̆ ᴪȁẫ ȁ

ῃȁ ȁ ץ Ȃ

�

��� ᴰ ҍ ΐ ҉̆

ԑ ȁ № ȁ ΐ

ȁᴏ ᶏ ̆ ῒ ̕

��ᶏ ף ΐ̔

̆ ȁ ҍᶏ ȁ ȁ

ף ΐ Ḥ ΐ̆

ҍ ̆ ῒ Ȃ

�

��� ΐ ᵬ ̆ Ҋ

ӈ̆ ᵥ ᴆ ᵌ

Ҭҍῒז ̆ ᵬ῍Ԋ̕

��ҩֲ ̔ Ҋ Ҭ

ҩᵣȁ ץ ֲ Ȃ
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ȁ ᴇ

ץ ҹҺ ץ̆ ⱬҹ

ῤ Ȃ

̂ѿ̃

̆ Ȃ  ����ᵬҙ���� ���Ȃ

ῤ ̆ ῤ ₮ Һ ԅ ȁ

̆ ᵬ Ȃ

̂ԋ̃

1.

̂�̃ᵬҙ̔ ���̆ ̔ ֓ ѿ ᵬҙ

ץ̆ ̆ ԍᵬҙҬ ῍ ̆ ץ̆ ꜛ

Ȃ

̂�̃ ̔ ���Ȃ

̂�̃ ̔ ̆ ���№̆ ���Ȃ

̂�̃ ᶭ ̔ № ‰ Ȃ

̂�̃ ̔ ȁ ȁ Ȃ

̂�̃ ῤ ̔ Ȃ

2. ҍ ᴇ

ᶛ̂ ���� ���̃

̂���̃

̂���̃ᵬҙ

����� ���� ���� �����
ŀŀ

� � � �� ��

� � � �� ��

� � � �� ��

� � � �� ��

� � � ��

� � � ��

� ̃ �� �� �� ����
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ԓȁ

̆ ҩ ⅞№ҹ ��ҩ ̆ ҩ ȁӟ

ȁ ȁ ᵬҙ Ȃ ᵬҹ ꜛ

ȁ ӟ ȁ Ȃ

ᾟ ̔ ԍҺ Ҭ̆ҹ ҩ ȁ ῏ ȁ ꜛ

Һ ӟȁ ῏ῤ Ȃ

Έȁ

̔ ᴆ ̂ � ̃̆ ̆ ₮ ̆�������,6%1� �������������

ӥ ̔

>�@ ӊ ̂ � ̃Ҭ � � ֲ ₮ � �������,6%1� �������������

>�@ 6RIWZDUH (QJLQHHULQJ 7KHRU\ DQG 3UDFWLFH�6HFRQG (GLWLRQ�6KDUL /�3IOHHJHU�3UHQWLFH +DOO�

>�@ 6RIWZDUH (QJLQHHULQJ ±$ 3UDFWLWLRQHU¶V $SSURDFK�)LIWK (GLWLRQ�5�6�3UHVVPDQ�0F *UDZ +LOO�

>�@ ᴆ � ֲ � ₮ ������ � �

>�@ ף ᴆ � ӊ � ₮ ������

>�@ ᴆ ȁ ҍ � � ₮ � ���� � � �

Һ ֲ̔ Ԑ

ֲ̔– ȁ

̔

◐ ̔

̔���� � ��
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ᴆ̔ ҍ ᴇ ‰

1. № ‰

ᴨ

̂№ ���№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�
ӟ̕ ‰ ᾟ

№̆ ̆

̕

ѿ

ӟ ‰ ̆

̕

ѿ

ӟ ‰ ̆

’ѿ Ȃ

ѿ

ӟ ‰ Ҍ̆

̆

Ẓ Ȃ

Ҍ Ạ⌠ ӟ

‰ ̆ ӟ

ԍ ⅞̆

Ҍ Ȃ

�

֜ ᴆ

̆

ҍ№

ȁ ̕

̆ ̆

ᴆ

Ȃ

֜ ᴆ

̆

ҍ№

̕ ̆

̆ ᴆ

Ȃ

֜ ᴆ

̆

ҍ№

̕ ̆

̆

ᴆ

Ȃ

֜ ᴆ

̆

ҍ№ ̕

̆

̆ ᴆ

Ȃ

֜ ᴆ

̕

ҍ№ Ҍ

̕ ᴆ

Ҍ Ȃ

�

Ҭ ᶏ

ΐ̆ ֜

̆

ҍ№ ȁ

̕ ̆

̆

Ȃ

Ҭ

ᶏ ΐ̆

֜ ̆

ҍ№ ̕

̆

̆

Ȃ

Ҭ ץ ᶏ

ΐ̆ ֜

̆

ҍ№ ̕

̆

̆

Ȃ

Ҭ Ҋ

ᶏ ΐ̆

֜ ̆

ҍ№ ̕

̆

̆

Ȃ

ҬҌ ᶏ

ΐ̆ ֜

̕

ҍ№ Ҍ ̕

Ҍ

Ȃ

�

Ҭ

ᴆ

№ ̆

ӟ̕

‰ ᾟ№̆

̆

̕ זҍῒץ

̆ ᵬ῍ԊȂ

Ҭ

ᴆ

№ ̆

ѿ ӟ

‰ ̆

̆̕

זҍῒץ

̆

ᵬ῍ԊȂ

Ҭ

ᴆ № ̆

ѿ

ӟ ‰ ̕

̔ ѿ

№ ̕

זҍῒץ

̆ ᵬ

῍ԊȂ

Ҭ ᴆ

№ ⱬ

ѿ ̆ ѿ

ӟ ‰ ̕

̔ זҍῒץ

̆ ᵬ῍ԊȂ

ҬҌ

ᴆ №

̆ Ҍ Ạ⌠

ӟ ‰ ̕Ҍ

ҍῒז

̆ ᵬ῍ԊȂ�È

 NÈ 0� 	�P�O1 �… EŸ

*6Aî AÑ �é

�È

�¦X �& �Ô �Î

�Ã

*6 Aê

�9 �… EŸ

�Ã

EŸ �Ê ,´ N´ �•,´NÈ�@ 
@ ȁ�8 L� NÈ

�Ã

*6 Aê

�9 �…

ӟ

̔ ̔ ̆ ӟȾ Ҭя⌠

ӟȁ

Ⱦ̃ ‰ῒ
ӟ
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2.ᵬҙ ҍ ᴇ ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

֜ᵬҙ̕

ȁ

̕

№ ̆

Ȃ

֜ᵬҙ̕

ȁ

̕

Ȃ

֜ᵬҙ̕

ȁ

̕

Ȃ

֜ᵬҙ̕

ȁ

̕

Ȃ

Ҍ ֜ᵬ

ҙ̕

̕

Ҍ ȁ

Ҍ Ȃ

�

֜ᵬҙ̕

ȁ

̕

№ ̆

Ȃ

֜ᵬҙ̕

ȁ

̕

Ȃ

֜ᵬҙ̕

ȁ

̕

Ȃ

֜ᵬҙ̕

ȁ

̕

Ȃ

Ҍ ֜ᵬ

ҙ̕

̕

Ҍ ȁ

Ҍ Ȃ

�

֜ᵬҙ̕

ȁ

̕

№ ̆

Ȃ

֜ᵬҙ̕

ȁ

̕

Ȃ

֜ᵬҙ̕

ȁ

̕

Ȃ

֜ᵬҙ̕

ȁ

̕

Ȃ

Ҍ ֜ᵬ

ҙ̕

̕

Ҍ ȁ

Ҍ Ȃ

�

֜ᵬҙ̕

ᴆ

̆

̕ № ̆

Ȃ

֜ᵬҙ̕

ᴆ

�

̆

Ȃ

֜ᵬҙ̕

ᴆ

̆

̆

Ȃ

֜ᵬҙ̕

ᴆ

̆

̆

Ȃ

Ҍ ֜ᵬ

ҙ̕

̕

Ҍ ȁ

Ҍ Ȃ

�

֜ᵬҙ̕

ᴆ

̆

̕ № ̆

Ȃ

֜ᵬҙ̕

ᴆ

�

̆

Ȃ

֜ᵬҙ̕

ᴆ

̆

̆

Ȃ

֜ᵬҙ̕

ᴆ

̆

̆

Ȃ

Ҍ ֜ᵬ

ҙ̕

̕

Ҍ ȁ

Ҍ Ȃ
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3. ҍ ᴇ ‰

ᴨ

̂№ ���№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆Ҍ

№ ̆Ҍ ץ

ᴆ

ᴆ ̕

Ҍ Ȃ

�

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆Ҍ

№ ̆Ҍ ץ

ᴆ

ᴆ ̕

Ҍ Ȃ

�

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆Ҍ

№ ̆Ҍ ץ

ᴆ

ᴆ ̕

Ҍ Ȃ

�

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆Ҍ

№ ̆Ҍ ץ

ᴆ

ᴆ ̕

Ҍ Ȃ

�

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆Ҍ

№ ̆Ҍ ץ

ᴆ

ᴆ ̕

Ҍ Ȃ

�

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆

№ ̆

ץ ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆̆

№

̆ ץ

ᴆ

ᴆ ̕

Ȃ

̆Ҍ

№ ̆Ҍ ץ

ᴆ

ᴆ ̕

Ҍ Ȃ



103

2.4 5208018ȇ Ȉ

ѿȁ Ḥ

Ҭ ̔

̔$GYDQFHG 3URJUDPPLQJ

������� № �

̔��
҉

�� � � �

Ḥ �

ֲ Ҭ Ғҙ ҍ

ᾢḱ ,̆ ,,

ԋȁ ׃

̂ѿ̃ ’

ȇ Ȉ ѿ ̆ ҍ

῏Ғҙ Ȃ ꜛ ԅ ᵬ Ҋ

̆ Ῑ ≠ $3, ף ᵣ ȁ

῏ ̆ΐ Ȃ ӟ̆ ᶏץ *8,ȁ

ᵣ ȁ ̆ ף ̆ᶏ ΐ

ΐ ⱬȂ

$GYDQFHG SURJUDPPLQJ DLPV WR GHYHORS FRPSUHKHQVLYH SURJUDPPLQJ VNLOOV IRU FRPSXWHU

VFLHQFH DQG WHFKQRORJ\ DQG UHODWHG SURIHVVLRQDO VHQLRU VWXGHQWV� 7KH FRXUVH LV GHVLJQHG WR KHOS

VWXGHQWV XQGHUVWDQG WKH GHYHORSPHQW DUFKLWHFWXUH DQG DGYDQFHG SURJUDPPLQJ VNLOOV XQGHU VSHFLILF

RSHUDWLRQ V\VWHP� IXUWKHU WR WUDLQ VWXGHQWV WR IDPLOLDUL]H WKHPVHOYHV ZLWK WKH EDVLF LGHDV� VWHSV DQG

UHODWHG WHFKQRORJLHV IRU GHYHORSLQJ PRGHUQ FRPSXWHU DUFKLWHFWXUH�RULHQWHG DSSOLFDWLRQV E\ XVLQJ

$3,� ZKLFK KDV D VWURQJ SUDFWLFDOLW\� 7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ PDVWHU WKH *8,�

EDVLF SURJUDPPLQJ SULQFLSOHV IRU VSHFLILF V\VWHP DUFKLWHFWXUH� EDVLF GHVLJQ PHWKRGV DQG

GHYHORSPHQW VNLOOV� XQGHUVWDQG WKH EDVLF PRGHUQ SURJUDP VWUXFWXUH� VR WKDW WKH\ ZRXOG KDYH WKH

DELOLW\ RI XWLOL]LQJ GHYHORSPHQW WRROV IRU WKH KLJK�OHYHO SURJUDPPLQJ�

̂ԋ̃

�� ׆ ̕ &38

פ ̆ ̆ Ώ ̕

�� ῏ ‰ᵣ № ̆

̆ ᾟ ⱳ ̆ΐ ᴆ ⱬ̕
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�� ׆ ⌠ ҹ Һ ̆ ῒ ҙ ⱳ

̆ Ὶ ̆ ԍ ‰ ̆ΐ ᴆ ⱬȂ

�� ᶏ ᴏ ҍ ̆ΐ ᶏ

῏ ⱬȂ

̂҈̃ ҙ ῏

ҙ ҙ

�

��� ⌠ ΐ

‗ ̆ ᴆ ̆

׆ ᴆ ₮ ̆

ף ‗ ̕

�� № ̔ ȁ

̆ ≢ȁ ȁ №

ץ̆ Ȃ

�

��� ᴆ ֟

ῃ ȁῃ �

̆ԅ

̕

�� � ‗ ̔

‗ ̆ ᴆ

῏֟ ̆ Ҭᵣ ⇔ ̆

ᴪȁẫ ȁ ῃȁ ȁ ץ Ȃ

�

��� ᴰ

Ҭ̆ ῃȁẫ ȁ ȁҩֲ

ȁᴶ ȁ └

Ȃ

�� � ‗ ̔

‗ ̆ ᴆ

῏֟ ̆ Ҭᵣ ⇔ ̆

ᴪȁẫ ȁ ῃȁ ȁ ץ Ȃ

�

��� ΐᵣ ̆ ȁ

ף

ΐ̆ Ғҙ ̆ №

ῒ Ȃ

��ᶏ ף ΐ̔ ̆

ȁ ҍᶏ ȁ ȁ ף ΐ

Ḥ ΐ̆ ҍ ̆

ῒ Ȃ

҈ȁ ῤ ȁ ҍ №

ῤ ӟ
ȁ ̂ ȁ

ȁ҉ ȁ ̃

ѿ �
�̆�̆�̆

�

ԋ
׆̆ FRQVROH⌠

*8, ̆ └
� �

҈
̆ №

� �̆�

ȁ ᴆȁ
� ���

ԓ ꜚ

ԍ ҈ ҈ ꜚ

�&8'$ȁ23(1*/ȁ

23(1&/�

� �̆�

Έ
ԍ VRFNHW ̆ №

� �̆�

҂ ᴋⱵ ԍ *38 ᶛ � �̆�



105

ȁ ᴇ

 ���� ���Ȃ ᵬҙ ῤ ̆

ⱬ �Ӟ ҹ ῏ ⱬ

Ȃ̃

̂ѿ̃

 ���� ���Ȃ

�� ̔ ���Ȃ ̆ ҉ ᴋⱵ̆

̆ ᵬҙȂ

�� ᵬҙ Ȃ

̂ԋ̃

1.

̂�̃ ̔ №ҹ ���№̆ ���

̂�̃ ᶭ ̔ ̆ ҉ ᴋⱵ̆ Ȃ

̂�̃ ̔ ᵬҙ №ҹ ���№̆ ���Ȃ

̂�̃ ᶭ ̔ᶭ ᵬҙ ᴋⱵ̆ ᵬҙ

Ȃ

2. ҍ ᴇ

ᶛ̂ ���� ���̃

̂���̃
ᵬҙ

̂���̃
�����

ᵬҙ
�����

� � �� �� ��

� � � � ��

� � � � ��

� � �� �� ��

� ̃ �� �� �� ���



106

ԓȁ

ҍ҉ ̆ ȁ ץ Ȃ

Ҭ׆ ҉ :LQGRZV 6'. ҈ ꜚ ҍ ↕ҍ

̆ ₮ Ῑ ⱬȂ

҉ ȁ ῤ ̕ Ҭ ᶛ ̆ ȁ

ꜚ ̆ⱴ ῏ ȁ ῤ ̆ ᵣ ꜛ ̆ⱴ

Ȃ

Ḡ̆ ᾟ№ ҉ ̆ ῤ Ȃᶏ

ҬҌ ‗ Ȃ ᵣҺ ̔ ȁ ᴆ̆

ᴆ ᶫ Ȃ ̆Һ ȁ ȁ(�0$,/ Ȃ

Έȁ

̔9LVXDO &�� ҍ ̂ ҈ ̃̆ ̆ ₮ ̆

����

ӥ ̔

ȇ:LQGRZV ̂ ԓ ̃Ȉ̆&KDUOHV 3HW]ROG ̆ ̆ ̆ ₮

̆����

Һ ֲ̔ Ҭ

ֲ̔– ȁ

̔

◐ ̔

̔���� � ��



107

ᴆ̔ ҍ ᴇ ‰

₃ ̆ Ώ₃ № ‰̆ Ҋ̔

1. № ‰

ᴨ

̂№ ���№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�

҉

̆ ֜ᵬ

ҙ̕

ȁ

̕ № ̆

̕

Ȃ

҉

̆ ֜ᵬ

ҙ̕

ȁ

̕

̕

Ȃ

҉

ҹ ̆

֜ᵬҙ̕

ȁ

̕

̕

Ȃ

҉

̆

֜ᵬҙ̕

ȁ

̕

̕

Ȃ

҉ Ҍ

̆Ҍ

֜ᵬҙ̕

̕

Ҍ ȁ

Ҍ ̕Ҍ

Ȃ

�

҉

̆ ֜ᵬ

ҙ̕

ȁ

̕ № ̆

̕

Ȃ

҉

̆ ֜ᵬ

ҙ̕

ȁ

̕

̕

Ȃ

҉

ҹ ̆

֜ᵬҙ̕

ȁ

̕

̕

Ȃ

҉

̆

֜ᵬҙ̕

ȁ

̕

̕

Ȃ

҉ Ҍ

̆Ҍ

֜ᵬҙ̕

̕

Ҍ ȁ

Ҍ ̕Ҍ

Ȃ

�

҉

̆ ֜ᵬ

ҙ̕

ȁ

̕ № ̆

̕

Ȃ

҉

̆ ֜ᵬ

ҙ̕

ȁ

̕

̕

Ȃ

҉

ҹ ̆

֜ᵬҙ̕

ȁ

̕

̕

Ȃ

҉

̆

֜ᵬҙ̕

ȁ

̕

̕

Ȃ

҉ Ҍ

̆Ҍ

֜ᵬҙ̕

̕

Ҍ ȁ

Ҍ ̕Ҍ

Ȃ

�

҉

̆ ֜ᵬ

ҙ̕

ȁ

̕ № ̆

̕

Ȃ

҉

̆ ֜ᵬ

ҙ̕

ȁ

̕

̕

Ȃ

҉

ҹ ̆

֜ᵬҙ̕

ȁ

̕

̕

Ȃ

҉

̆

֜ᵬҙ̕

ȁ

̕

̕

Ȃ

҉ Ҍ

̆Ҍ

֜ᵬҙ̕

̕

Ҍ ȁ

Ҍ ̕Ҍ

Ȃ





109

3. ᵬҙ ᴇ ‰

ᴨ

̂№ ���№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�

֜̆

ΐ

ⱳ ̕ Ҭᵣ

Ҍ

̕ ᵬҙ

ᴋⱵ ғ̆ ⱳ

ΐ ⇔ ̕

ȁῃ ΐ̆

ӥΏ ⱬȂ

֜̆ΐ

ⱳ

̕ ᵬҙ

ᴋⱵ̆ғ ⱳ

ΐ̆ ̕

ȁῃ

̆ΐ

ӥΏ ⱬȂ

֜̆

̆₮ ̆

̕

ᵬҙ ᴋⱵ̕

ȁ

ῃ Ȃ

֜̆ ₮

ҩ≢ ̕

ᵬҙ

ᴋⱵ̕

Ȃ

Ҍ ᵬҙ

ᴋⱵ̕ ⱳ

ԍ

̆₮

̆

Ȃ

�

֜̆

ΐ

ⱳ ̕ Ҭᵣ

Ҍ

̕ ᵬҙ

ᴋⱵ ғ̆ ⱳ

ΐ ⇔ ̕

ȁῃ ΐ̆

ӥΏ ⱬȂ

֜̆ΐ

ⱳ

̕ ᵬҙ

ᴋⱵ̆ғ ⱳ

ΐ̆ ̕

ȁῃ

̆ΐ

ӥΏ ⱬȂ

֜̆

̆₮ ̆

̕

ᵬҙ ᴋⱵ̕

ȁ

ῃ Ȃ

֜̆ ₮

ҩ≢ ̕

ᵬҙ

ᴋⱵ̕

Ȃ

Ҍ ᵬҙ

ᴋⱵ̕ ⱳ

ԍ

̆₮

̆

Ȃ

�

֜̆

ΐ

ⱳ ̕ Ҭᵣ

Ҍ

̕ ᵬҙ

ᴋⱵ ғ̆ ⱳ

ΐ ⇔ ̕

ȁῃ ΐ̆

ӥΏ ⱬȂ

֜̆ΐ

ⱳ

̕ ᵬҙ

ᴋⱵ̆ғ ⱳ

ΐ̆ ̕

ȁῃ

̆ΐ

ӥΏ ⱬȂ

֜̆

̆₮ ̆

̕

ᵬҙ ᴋⱵ̕

ȁ

ῃ Ȃ

֜̆ ₮

ҩ≢ ̕

ᵬҙ

ᴋⱵ̕

Ȃ

Ҍ ᵬҙ

ᴋⱵ̕ ⱳ

ԍ

̆₮

̆

Ȃ

�

֜̆

ΐ

ⱳ ̕ Ҭᵣ

Ҍ

̕ ᵬҙ

ᴋⱵ ғ̆ ⱳ

ΐ ⇔ ̕

ȁῃ ΐ̆

ӥΏ ⱬȂ

֜̆ΐ

ⱳ

̕ ᵬҙ

ᴋⱵ̆ғ ⱳ

ΐ̆ ̕

ȁῃ

̆ΐ

ӥΏ ⱬȂ

֜̆

̆₮ ̆

̕

ᵬҙ ᴋⱵ̕

ȁ

ῃ Ȃ

֜̆ ₮

ҩ≢ ̕

ᵬҙ

ᴋⱵ̕

Ȃ

Ҍ ᵬҙ

ᴋⱵ̕ ⱳ

ԍ

̆₮

̆

Ȃ



110

2.5 5208086 ӟ̂ ̃

ѿȁ Ḥ

Ḥ

Ҭ Ғҙ

0DMRU &RPSUHKHQVLYH 3UDFWLFH

������� �

№ � ӟ �

Ғҙ ᴆ ᾢḱ
,̆ ,,̆

ҍ ̆-$9$

ҍ

ӟ ῏Ғҙ ץ̆ ꜚ ̆ ᴑҙ Ҋ

ῤ ᴑҙ №̆ ֜

̂ ῤ ȁ № ᵣᴪȁ ̃ ῤ №Ȃ

ӟ ̆ Ҋץ֜ ӟ ̔ ӟῤ ᵣᴪ ̕

̆ ̔ ȁ ᵬ ̂ ᵬ ̅ ̃ȁ

ᵣᴪ̕ ̆ ̔ ȁΐᵣ ‗ ȁ

ף ȁ ⌠ ‗Ⱳ ȁ ̂ᴑ

ҙ Ḡ ̃Ȃ ̔ ῤ ⌠

ᴑҙȂ

ӥ

̆ ̆ ≢̆ > @ > @

> @ > @
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ȁ ȁ ȁ Ҋ ȁ Ҋ

ү ԅ Ȃ Ҍ ԍ ̆ ԍ

Ԑ Ҋ ȁ ̆ ӈҹץ ꜚⱬ

ῐ Ḥ Ȃ׃ ꜛ‗ Ҭ

̆ ⌠ ᵬ Ȃ

0DULQH %LJ 'DWD 7HFKQRORJ\ DQG $SSOLFDWLRQV� ZLOO LQWURGXFH GDWD IURP VDWHOOLWHV� PDQQHG

VSDFHFUDIW� VSDFH VWDWLRQV� DLUVKLSV� XQPDQQHG DHULDO YHKLFOHV� VKRUH�EDVHG UDGDU DQG REVHUYDWLRQ

VWDWLRQV� VKLS�ERUQH GHWHFWLRQ SODWIRUPV� EXR\V� XQGHUZDWHU JOLGHUV� XQGHUZDWHU VXEPDULQHV DQG

VXEPDULQH REVHUYDWLRQ QHWZRUNV� ZKLFK FRQVWLWXWH ODUJH RFHDQ GDWD VHDPOHVVO\ DQG ULFKO\� /DUJH

RFHDQ GDWD QRW RQO\ OLHV LQ WKH ODUJH DPRXQW RI GDWD� EXW DOVR LQ WKH UDSLG SURFHVVLQJ� LQWHOOLJHQW

SURFHVVLQJ DQG LQWHOOLJHQW DSSOLFDWLRQ RI PDVVLYH GDWD XQGHU WKH VXSSRUW RI QHWZRUN DQG FORXG

FRPSXWLQJ WHFKQRORJ\� /DUJH RFHDQ GDWD LV GHILQHG DV DQ HPHUJLQJ PDULQH LQIRUPDWLRQ VFLHQFH

SURMHFW GULYHQ E\ ODUJH GDWD� 7KLV SDSHU LQWURGXFHV WKH DSSOLFDWLRQ RI RFHDQ ELJ GDWD LQ GLVDVWHU

DVVLVWDQW GHFLVLRQ�PDNLQJ V\VWHP DQG RLO VSLOO PRQLWRULQJ� VR WKDW VWXGHQWV FDQ VHH WKH SRWHQWLDO

UROH RI RFHDQ ELJ GDWD�
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2.7 5208099ȇ ҍ Ȉ

ѿȁ Ḥ

Ҭ ̔ ҍ

̔3ULQFLSOH DQG 7HFKQRORJ\ RI %LJ'DWD

������� № �

̔��
҉

�� � � �

Ḥ �

ֲ Ғҙ ҍ

ᾢḱ ȁ ᵬ ȁ ȁ

ԋȁ ׃

̂ѿ̃ ’

ҹḤ Ғҙ ῀ ̆ ꜛ ӟ ȁ

ץ̆ ᶏ Ȃ ȁ

+DGRRSȁ№ ᴆ +')6ȁ№ +%DVHȁ1R64/ ȁ

Ԑ ȁ№ 0DS5HGXFHȁ ד +LYHȁ ԍῤ

6SDUNȁ )OLQNȁ ҩ Ȃ +DGRRSȁ+')6ȁ+%DVHȁ0DS5HGXFHȁ

+LYHȁ6SDUN )OLQN ῤ ҉ ԅ ᵬ̆

῏ Ȃ ӟ̆ ץ ꜛ ᵣ ҉

ꜚ ‗ ̆ ҹ ӟ № Ȃ

7KLV FRXUVH LV DQ LQWURGXFWRU\ FRXUVH RQ ELJ GDWD WHFKQRORJ\ IRU LQIRUPDWLRQ PDMRUV� ,W DLPV

WR KHOS VWXGHQWV OHDUQ WKH EDVLF FRQFHSWV� WHFKQLFDO IUDPHZRUN DQG SULQFLSOHV RI ELJ GDWD� DV ZHOO

DV WKH FRQVWUXFWLRQ DQG EDVLF XVH RI FRPPRQ ELJ GDWD SODWIRUPV� 7KH FRXUVH ZLOO V\VWHPDWLFDOO\

WHDFK WKH EDVLF FRQFHSWV RI ELJ GDWD� ELJ GDWD SURFHVVLQJ DUFKLWHFWXUH +DGRRS� GLVWULEXWHG ILOH

V\VWHP +')6� GLVWULEXWHG GDWDEDVH +%DVH� 1R64/ GDWDEDVH� FORXG GDWDEDVH� GLVWULEXWHG SDUDOOHO

SURJUDPPLQJ PRGHO 0DS5HGXFH� GDWD ZDUHKRXVH +LYH� PHPRU\�EDVHG ELJ GDWD SURFHVVLQJ

$UFKLWHFWXUH 6SDUN� VWUHDP FRPSXWLQJ IUDPHZRUN )OLQN� DSSOLFDWLRQ RI ELJ GDWD LQ YDULRXV ILHOGV�

%DVLF SUDFWLFDO RSHUDWLRQV DUH DUUDQJHG RQ SODWIRUPV VXFK DV +DGRRS� +')6� +%DVH� 0DS5HGXFH�

+LYH� 6SDUN� DQG )OLQN� VR WKDW VWXGHQWV FDQ EHWWHU XQGHUVWDQG DQG PDVWHU WKH NH\ WHFKQRORJLHV RI

ELJ GDWD� 7KURXJK WKH FRXUVH VWXG\� LW FDQ KHOS VWXGHQWV WR HVWDEOLVK D ELJ GDWD NQRZOHGJH V\VWHP

DQG EDVLF SURJUDPPLQJ PHWKRGV WR VROYH SUDFWLFDO SUREOHPV E\ KDQGV�RQ RQ WKH ELJ GDWD SODWIRUP�

DQG OD\ WKH IRXQGDWLRQ IRU WKH ODWHU OHDUQLQJ RI ELJ GDWD DQDO\VLV DQG SURFHVVLQJ�
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rr rẽ ɬ̃ᶏ ̃ӟe ӟe� a ̂ ̃ӟӟ

D

ӟ ɬee ̂ aӟUӟ rr rr rr re r aӟҐ aӟḷ ɬ ee

̃a

̂̃ ̂ɬӟ

e

ɬ ̂ e

e

ee,

3 U

‰F � 9�˜R�.

‡.".�. B. � 9�˜Rç.�.e
ɬ ₤3͈ ₤ ₤ ₤aUU U �´ ¢.‰°rerrrr ₤ ,U,• rerr r ₤ea�•�• �U 9ç 9çreee�• ₤₤5��´ ".�,I‡– 9p 9,I‡•�€�•»ç ₦" ¢.‰� 9.�ž2 �U�Uq �H‚.e�



136

҈ȁ ῤ ȁ ҍ №

ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

ѿ

῀ ̔

� ӈ̆ԅ ⱳ

� ῏

� Ῑ ῐ

̔

̔ ῏ � ̆ �

ԋ

῀ ̔

ῃ ῃ

�ԅ

�

� Ữ ҍ

̔ԅ

̔ ԋᾝ ̆ � ̆ �

҈

� ̆

� ԅ ̆

�

̔

̆

̔
� ̆ �

ד

ҍ №

� ד ̆

� ԅ

̔ ד

̔ 2/$3 ᵬ
� �

ԓ

ᵣ

� ᵣ ̆

Ȃ

� ԅ №

̔ ᵣ

̔ 2/$3
� �

Έ ῏ ↕

῀ ̔

� ῏ ↕ ӈ ̆

� $SULRUL ῏ ↕

� ԅ ᶛ

̔ ῏ ↕

̆ ῏

̔ ῏ ↕

ҍ

� �̆�

҂ №

� № ̆ ̆

№

� № ̆‗ ̆

№

� .11№

̔ № ̆

ῖ№ ‗ ̆

̆.11№

̔ № ̆

№

� �̆�

ῇ №
� № Ҭ ̆

Ȃ

� ԅ .� №

̔ № Ҭ

̔ №

� �̆�

Ӝ

῀ ̔

ҙ

� ̆ ӈ

� ̆ԅ №

Ҭ ̆⅞№ ץ̆ ԍ

� .�PHDQV̆%5,&+

� Ῑ

̔ Ҭ

.�PHDQV�N�Ҭ

̔

̆

� �̆�



137

ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

� ԍ ̆ ̆

̆ Һ

� ̆

ΐ

̔

̆ ԍ

̆ ̆ ̆

ΐ

̔

̆ ῏

� �̆�

ѿ

� ̆ №

̆ ̆ ̆

� ̆ ԍ

̔

̆

̔

̆ ץ

ԍ №

�
�̆�̆

�

ԋ

῀ ̔

� ל

� ⌠ ↓̆

↓ Ҭ ̕ ̆

Ҭ

� ѿף ⌠

̆ Ῑ

̔

Ҍ Ҭ

̔ Ҍ
� �

ȁ ᴇ

ῤ ̆ ῤ ₮ Һ

ȁ ̆ ῏ ȁ ⱬȂ

ᶛ№ ᴋⱵ̆ ῍ Ȃ ̆Ӟ ̆

ᶛ № ̆ ̆ⱴ Ȃ

̂ѿ̃

̔ Ȃ

̔ ᵬҙ ���̆ אל₮ ���ȁ ���Ȃ ᶛᴪ

’ Ȃ

̂ԋ̃

Һ ӟ ȁ ȁᵬҙȁ ȁ ȁ

’ Ȃ ᶛѿ ץ �������ҹ ̆ѿ֓ ȁ

ⱴ ᶛ̆p Ҍ̆

ᵞ ӟ ‰Ȃ



138

1.

̂�̃ №ҹ ���№̆ ���

̂�̃ ̆ ᵬҙȁ ȁ ȁ № ̆ №

№ ‰ ’‗ Ȃ

̂�̃ ̔ ̆ ���№̆ ���Ȃ

̂�̃ ᶭ ̔ № ‰ Ȃ

̂�̃ ̔ ȁ ȁ ȁ ȁ Ȃ

̂�̃ ῤ ̔ Ȃ

2. ҍ ᴇ

ᶛ̂ ���� ���̃

̂���̃

̂���̃ᵬҙ����� �����

� �� �� ��� ���

� �� �� ��� ���

� �� �� ��� ���

� �� �� ��� ���

� ̃ ��� ��� ��� ����

ԓȁ

Ώ ҹ ȁ ᶛ Ȃ

Έȁ

҉̔ ӟ

̔KWWS���VKIXOP�IDQ\D�FKDR[LQJ�FRP� Ȃ

Ҋ̔ ȁ ӥ

�� -LDZHL +DQ�ȇ ҍ ̂ ӥ � Ȉ̃̆ ҙ₮ ̆���� � ̆

�

Һ ֲ̔

ֲ̔ ̆ ֹ

̔

◐ ̔

̔���� � ��



139

ᴆ̔ ҍ ᴇ ‰

₃ ̆ Ώ₃ № ‰̆ Ҋ̔

1.ᵬҙ № ‰

ᴨ

̂№ ů��№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

̂���̃

�҉ץ�� ҉ץ��� ҉ץ��� ҉ץ��� Ҍ

�

̂���̃

�҉ץ�� ҉ץ��� ҉ץ��� ҉ץ��� Ҍ

Ҍ

�

̂���̃

‗

��� ‗ ��� ‗ ��� ‗ ���

Ҍ └

�

̂���̃

₮ Ҍ

̆

ᴨ

₮

̆ᵖҌ

₮ ᴨ

₮ѿ

ᴨ ‗

₮ѿ

̆ᵖ

Ҍ

Ҍ ₮ ‗

2. ҍ ᴇ ‰

ᴨ

̂№ ů��№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

̂���̃

�҉ץ�� ҉ץ��� ҉ץ��� ҉ץ��� Ҍ

�

̂���̃

�҉ץ�� ҉ץ��� ҉ץ��� ҉ץ��� Ҍ

Ҍ

�

̂���̃

‗

��� ‗ ��� ‗ ��� ‗ ���

Ҍ └

�

̂���̃

₮ Ҍ

̆

ᴨ

₮

̆ᵖҌ

₮ ᴨ

₮ѿ

ᴨ ‗

₮ѿ

̆ᵖ

Ҍ

Ҍ ₮ ‗

2. ҍ ᴇ ‰

ᴨ

̂№ ů��№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�

̂���̃

�҉ץ�� ҉ץ��� ҉ץ��� ҉ץ��� Ҍ

�

̂���̃

�҉ץ�� ҉ץ��� ҉ץ��� ҉ץ��� Ҍ

Ҍ

�

̂���̃

‗

��� ‗ ��� ‗ ��� ‗ ���

Ҍ └

�

̂���̃

₮ Ҍ

̆

ᴨ

₮

̆ᵖҌ

₮ ᴨ

₮ѿ

ᴨ ‗

₮ѿ

̆ᵖ

Ҍ

Ҍ ₮ ‗



140

2.9 5208105ȇ Ȉ

ѿȁ Ḥ

Ҭ ̔

̔%LJ'DWD 3URFHVVLQJ 7HFKQRORJ\

������� № �

̔��
҉

�� � � �

Ḥ �

ֲ

�� �– L™ �Ö B.

�W �4

��

01��� 4â0;

�0

�Ã

� �€��ƒ��ƒ�‰��ƒ�W��ƒ

���ƒ��

�&&ᦞᒀҀҀᮉᒀ&Ԕ耀ᦞᑠ�怀䈨(ᬀ���怀䈨(E怀ᦔ�ƃE怀E怀བྷᒀ�怀䈨昀⨶�怀䈨昀v�怀�Lv�ᦙ㘀v�ᢰ昀v�怀�L�&�怀䈨昀&ࠁ茀ᮠᒀ䈨(�ƃᮠࠁ茀ᮠࠁ茀ࠁ茀ᮉᒀཐ典�怀䈨(ԘƃLᮠᒀབྷࠁ茀�ᮉࠁ茀བྷࠁ茀ᮠᒀᦞᒀᢰ昀�怀䈨(Ԙƃབྷࠁ茀བྷᒀᮉᒀབྷᒀԔ耀ᒀ᠁茀D&Vᦙ㘀�ᢰ昀ᢰ昀&�v&�ᢰ昀VL�怀vD&vV�ᢰ昀V�vvV�vᢰ昀��ᢰ昀�vᢰ昀VL�怀vD&ᦙ㘀V�Lvv䈨昀�v�V�ᢰ昀�ᢰ昀�V�怀ᢰ昀V�ᦙ㘀Vv䙖愀��怀V�Lvvᢰ昀VvV�vᦙ㘀�vV�L�怀䈨昀�怀�怀Vvᢰ昀��ᢰ昀�vᢰ昀VL�怀vD&ᦙ㘀V�L�怀䈨昀v�怀ᢰ昀V��ᢰ昀V�ᦙ㘀v�怀�ᢰ昀�怀Vᢰ昀�怀LVLVᢰ昀&VL�怀vD�怀�怀vvᦙ㘀�vV�L�怀䈨昀�怀ᢰ昀&�vV��ᢰ昀VD&�怀ᢰ昀ᢰ昀ᢰ昀�Vvᢰ昀�ᦙ㘀�怀vᢰ昀vv�ᦙ㘀&�怀vD&��怀vVvV�怀vVᢰ昀�ᢰ昀vᢰ昀D�vvvशᦙ㘀�vV�Ő�怀ᦞ��v�VL�v�怀vDᦙ㘀V��v�怀V�Lᦙ㘀V��ᢰ昀⨶ᢰ昀��V�ᢰ昀�怀D&�vV��ᢰ昀V�v�怀�V�L�怀�怀VvVv$ᢰ昀ᢰ昀�ᢰ昀



141

ZLGHO\ XVHG LQ HQWHUSULVHV� 6SDUN FXUUHQWO\ VXSSRUWV SURJUDPPLQJ LQ 6FDOD� -DYD� 3\WKRQ� DQG 5�

7KLV FRXUVH XVHV 3\WKRQ WR ZULWH 6SDUN DSSOLFDWLRQV� 7KH FRXUVH FRQWHQW LQFOXGHV 6SDUN

LQWURGXFWLRQ� LQVWDOODWLRQ� RSHUDWLRQ DUFKLWHFWXUH� 5'' GHVLJQ DQG RSHUDWLRQ SULQFLSOH� GHSOR\PHQW

PRGH� 5'' SURJUDPPLQJ� NH\�YDOXH SDLU 5''� GDWD UHDGLQJ DQG ZULWLQJ� 6SDUN 64/� 6SDUN

6WUHDPLQJ� 6WUXFWXUHG 6WUHDPLQJ DQG 6SDUN 0/OLE� HWF� 7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV

ZLOO PDVWHU WKH FRQVWUXFWLRQ RI FOXVWHUV DQG KRZ WR XVH WKH ELJ GDWD 6SDUN IUDPHZRUN WR VROYH

SUREOHPV LQ VSHFLILF EXVLQHVV ILHOGV� FXOWLYDWH VWXGHQWV
 DELOLW\ RI ELJ GDWD DQDO\VLV� DQG XVH 6SDUN

WHFKQRORJ\ IRU VWXGHQWV WR VROYH SUDFWLFDO VFLHQWLILF UHVHDUFK SUREOHPV DQG HQJDJH LQ ELJ GDWD LQ

WKH IXWXUH� 5HODWHG ZRUN OD\V WKH IRXQGDWLRQ�
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VHQVLQJ LPDJH DQDO\VLV�
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2.11 5208311ȇ ҍ№ Ȉ

ѿȁ Ḥ

Ҭ ̔ ҍ№

̔6SDWLDO PRGHOLQJ DQG DQDO\VLV

������� № �

̔��
҉

��

Ḥ ԓ

ֲ Ғҙ Ḥ ҍ

ᾢḱ
ԓ ̆ Ḥ ȁ ̆

ץ Ғҙ ḱ ҉ Ȃ

ԋȁ ׃

̂ѿ̃ ’

ȇ ҍ№ Ȉ Ḥ ҍ Ғҙ ḱ ̆ №

ȁ *,6 ̆ Ῑ ῀ԅ *,6Ҭ ҍ№

̆ Ḥ Ғҙ Ҭ ᴆ ̆ ҹῖ *,6

ᴆ ̆ ȁ ȁ Ғҙ

ȁᴨ ̆ Ғҙ ᴆ ᵬ̆ ԍ ҩ ᵣ Ҭ Ȃ

6SDWLDO PRGHOLQJ DQG DQDO\VLV LV WKH PDMRU UHTXLUHG FRXUVH RI WKH FXUULFXOXP RI VSDWLDO

LQIRUPDWLRQ DQG GLJLWDO WHFKQRORJ\� DQG DOVR LV WKH WKHRUHWLFDO EDVLV IRU VWXGHQWV WR VWXG\ WKH

JHRJUDSKLF DQDO\VLV� VSDWLDO PRGHOLQJ DQG WKH *,6 DSSOLFDWLRQ SUDFWLFH� 7KH FRXUVH DLPHG WR

FXOWLYDWH VWXGHQWV WR XQGHUVWDQG VSDWLDO PRGHOLQJ DQG DQDO\VLV PHWKRGV RI *,6� WR XQGHUVWDQG WKH

FRPSOH[ GLJLWDO HQJLQHHULQJ SUREOHPV LQFOXGLQJ WKH KDUGZDUH DQG VRIWZDUH SUREOHPV RI FRPSXWHU

ILHOG� WR EH DEOH WR HVWDEOLVK SURSHU PDWKHPDWLFDO PRGHO IRU W\SLFDO *,6 DSSOLFDWLRQV DQG VRIWZDUH

PRGHO� WR XVH LQWHJUDWHG PDWKHPDWLFV� QDWXUDO VFLHQFH DQG HQJLQHHULQJ IRXQGDWLRQ DQG SURIHVVLRQDO

NQRZOHGJH IRU SUREOHP VRAԀਵ　DO O㝗M SSOL嘀RAԀQFH

GHO�

�I � �Q

SDU

*,6DSSOGV


50 �P �V�D6 �Q �G

SURIHVFREO� G

V UDFLఀFH QDĀKH

FTĀ

�R QDѰHO��p �D �Q �G�Q �E7%� � �H �U � �K �HVĀFOGLQJ�HĀKH
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ȁ ҿ

HҼǃ䖟〻HF ˅ ˄ а ǃ
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2.12 5208313ȇ Ȉ

ѿȁ Ḥ

Ҭ ̔

̔)XQGDPHQWDOV RI VSDWLDO GDWD DFTXLVLWLRQ WHFKQRORJ\

������� № �

̔��
҉

�� � � �

Ḥ ԋ ̂҉̃

ֲ Ғҙ Ḥ ҍ Ғҙ

ᾢḱ

ԋȁ ׃

̂ѿ̃ ’

ȇ Ȉ Ḥ ҍ Ғҙ Ғҙ ḱ ῒ̆ῤ Һ

̔ ᵣ ȁ ȁ ȁ ץ

ל ῤ Ȃ ҍ ℗ ῏ ΐ̆ ל

̕ ҍ ῏̆ΐ ̕ № ҍ

῏ ΐ̆ ӈȂ Ҍֽ Ῑ Ғҙ ̆

Ῑ Ḡ Ȃ

ȇ)XQGDPHQWDOV RI 6SDWLDO 'DWD $FTXLVLWLRQ 7HFKQRORJ\Ȉ LV D SURIHVVLRQDO FRPSXOVRU\

FRXUVH IRU VSDWLDO LQIRUPDWLRQ DQG GLJLWDO WHFKQRORJ\ PDMRUV� ZKLFK PDLQO\ FRYHUV� VSDWLDO

UHIHUHQFH V\VWHP� VSDWLDO GDWD DFTXLVLWLRQ SULQFLSOHV� VSDWLDO GDWD DFTXLVLWLRQ HTXLSPHQW̆VSDWLDO

GDWD DFTXLVLWLRQ SURFHVV DQG WKH GHYHORSPHQW WUHQG RI VSDWLDO GDWD DFTXLVLWLRQ WHFKQRORJ\� HWF� 7KH

WKHRUHWLFDO NQRZOHGJH RI WKH FRXUVH LV FORVHO\ UHODWHG WR WKH QDWLRQDO REVHUYDWLRQ V\VWHP� ZKLFK

KDV D VWURQJ UHDOLW\� WKH WKHRUHWLFDO DSSOLFDWLRQ RI WKH FRXUVH LV UHODWHG WR PDMRU QDWLRQDO SURMHFWV�

ZKLFK KDV D VWURQJ SUDFWLFDOLW\� WKH WKHRUHWLFDO DQDO\VLV RI WKH FRXUVH LV UHODWHG WR PDMRU QDWLRQDO

VWUDWHJLHV� ZKLFK KDV D VWURQJ LGHRORJLFDO DQG SROLWLFDO VLJQLILFDQFH� 7KURXJK WKLV FRXUVH ZH QRW

RQO\ ZDQW WR FXOWLYDWH VWXGHQWV
 SURIHVVLRQDO TXDOLW\� EXW DOVR FXOWLYDWH VWXGHQWV
 VHQVH RI VHFUHF\

DQG SDWULRWLVP�

̂ԋ̃

�̔ ̕ ӟ ȁ ȁ

ῒ ΐ̆ל Ҭ ῏ ‗ ⱬȂ

� ̔ ӟ̆ ̆ῃ ᵝ ӟ
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ᵬ Ȃ ȁ №

̕ΐ Ḡ ̆ΐ № ‗ ᶛ ⱬȂ

� ׆̔ Ḡ ̆ ̆ ׆ ⌠Ḥ ̆

Ḥ׆ ⌠ ȁ№ ץ Ȃ

�̂ ̃̔ ľ Ŀ ̆ Ḡ ̕ԅ

̆ Ḥȁ Ῑ ̕ ӟ ̆

ל ̆ Ȃ

̂҈̃ ҙ ῏

ҙ ҙ

�
���� № � Ḥ ̆ ȁ

ȁ Ғҙ ȁ№
�

�
���� � ̆Ṣꜛ ̆№ ȁ ȁ№

Ҭ ̆ Ȃ
�

�

���� ᴇ� Ḡ ̆ Ḥ

̆ ᴇ Ḥ ҍ Ḡ ᴪ

Ȃ

�

�

���� ᴇ� Ḡ ̆ Ḥ

̆ ᴇ Ḥ ҍ Ḡ ᴪ

Ȃ

�

҈ȁ ῤ ȁ ҍ №

ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

ѿ

���

���

��� ᴆ

��� �6 ץ ԑ῏

῀ ̔ ῤ

̕ ԅ

ȁ Ғҙ

Ḥȁ ̆ ӟ

ꜚⱬȂ ף ҕ

Ҭ ̆ Ῑ

ꜚ ⱬȂ

ԅ

ȁ Ғҙ Ḥȁ

̆

ӟꜚⱬȂ

ף ҕ Ҭ

̆ Ῑ

ꜚ ⱬȂ

̔

Һ

₃ Һ Ȃ

̔

ҍᴰ ≢

Ȃ

� �̆�

ԋ

���

���

���

���

ῙḠ

̆ ḤȂ

̔

̂�̃

̕

̂�̃ Ȃ

̔

� �̆�
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ԓȁ

Ҭ̆ ľ ȁ ȁᵬҙ ȁ ȁ Ŀ

̆ ῃ ȁ ҍ Ȃ

̔ ᴰ ȁ Ἕȁ ץ̆

337 ̆ ҉ ȁ ῤ ̕ Ҭ

ᶛ ̆ ȁ ꜚ ̆ⱴ ῏ ȁ ῤ ̆

ᵣ ꜛ ̆ⱴ Ȃ

ᵣҺ ̔ ̂ Һ ӟ ӥ ȁ̃ Ἕ ȁ ᴆ̂ Һ

ῃӥ ̆ ῤ ҍ ̃̆ ῏

ᶫ Ȃ ̆ ᶫ ȁ ̆ ҍ

ҍ Ȃ

Έȁ

� Һ Ἕ ᶫ̃̕�� ����%D /jAI�È̆�? ,´ �« ,´ 3RV̔ 
��¸ �€�¦ G÷ +X�È �‰ Aâ�Å̃���� �&ᰦ̓Һȁ Ἕ ӥ2AI�Å �‰ Aâ �É�Å����3˅7 ҍ ᶫ̕
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ᴆ̔ ҍ ᴇ ‰

1. № ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

ӟ Һꜚ̆

ӟ ‰̕ ᾟ№̆

̆

̆

Ȃ ≠

№ Ȃ

ӟ

̆

ӟ̕

̆

ҹ

̆

Ȃ

≠

№

Ȃ

ӟ

̕

Ȃ

≠

№

Ȃ

Һꜚ

̆

ѿ

Ȃ≠

№ ѿ

Ȃ

Ạ

ӟȂ

Ҍ ȂҌ

≠

№

�

ӟ Һꜚ̆

ӟ̕ ‰

ᾟ№̆

̆

̆

Ȃ №

Ҭ

̆

Ȃ

ӟ

̆

ӟ̕

̆

ҹ

̆

Ȃ

№

Ҭ

̆

Ȃ

ӟ

̆

Ȃ

№

Ҭ

Ȃ

ӟ Ҍ ᾟ

№̆ Һꜚ

̆

ѿ

Ȃ№

Ҭ

̆

Ȃ

Ạ

ӟȂ

Ҍ ȂҌ

№

Ҭ

̆

Ȃ

�

ӟ Һꜚ̆

ӟ̕ ‰

ᾟ№̆

̆

̆

Ȃ

Ḡ

Ḥ

Ȃ

ӟ

̆

ӟ̕

̆

ҹ

̆

Ȃ

Ḡ

Ḥ

Ȃ

ӟ

̆

Ȃ

Ḡ

Ḥ

Ȃ

ӟ Ҍ ᾟ

№̆ Һꜚ

̆

ѿ

Ȃ ⌠

Ḡ

Ḥ

Ȃ

Ạ

ӟȂ

Ҍ Ȃ

Ҍ⌠ Ḡ

Ḥ

Ȃ
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3. ҍ ᴇ ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

ȁ ̕

≠

№ Ȃ

ȁ ̕

ץ ≠

№

Ȃ

̆ ≠

№ Ȃ

ȁ

̕∆

ץ ≠

№

Ȃ

Ҍ

ȁ

̕

≠

№

Ȃ

�

Ḥ

ȁ ȁ

ῒ

ΐ̆ל

Ҭ ῏

‗

ⱬȂ

Ḥ

ȁ

ȁ ῒ

ΐ̆ל

Ҭ ῏

‗

ⱬȂ

Ḥ

ȁ

ȁ ῒ

Ȃל

Ḥ

ȁ ȁ

ῒ

ΐ̆ל

Ҭ

῏

‗

ⱬ̆ᵖҌ

Ȃ

Ҍ

Ḥ

ȁ ȁ

ῒ

Ҍ̆ל

Ҭ

῏

‗

Ȃ

�

ץ

ῒ

̆

̕

№

ҍ ̕

Ḡ

̆№

ᶛ № ⱬ

‗ ⱬ ̕

ῒ ̆

̕

№

ҍ ̕

Ḡ

̆

№ ᶛ

№ ⱬ

‗ ⱬ

̕

ῒ ̆

̕

№

ҍ Ȃ

ῒ

̆

̕

№ ҍ

̕

Ḡ

̆№

ᶛ №

ⱬ ‗

ⱬѿ ̕

Ҍ

ῒ

̆

̕

Ҍ

№ ҍ

̕

Ḡ

̆№

ᶛ №

ⱬ ‗

ⱬ ̕
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2.13 5208562ȇ ᴆ Ȉ

ѿȁ Ḥ

Ҭ ̔ ᴆ

̔$Q ,QWURGXFWLRQ WR 6RIWZDUH (QJLQHHULQJ

������� № �

̔��
҉

�� � � �

Ḥ

ֲ ѿ Ғҙ ᴆ

ᾢḱ

ԋȁ ׃

̂ѿ̃ ’

Һ ᴆ ȁ ҍ Ȃ׆ ᴆ ȁ ᴆ

ᴆ ₃ҩ ԅ ᵥ ȁ ץ ԍ

ᴆ ҬȂ Һ ῤ ̔ ᴆ ȁ ᴆ ȁ № ҍ

ȁ № ҍ ȁ ᴆ ȁ ᴆ Ȃ ӟ̆ᶏ

ȁ ᴆ ∆̆ ԅ ᴆ ԍ ᴆ

̆ ᴆ ῤ ѿҩ ᵣ ԅ Ȃ

:H PDLQO\ WHDFKHV WKH EDVLF SULQFLSOHV� FRQFHSWV DQG WHFKQLFDO PHWKRGV RI VRIWZDUH

HQJLQHHULQJ LQ WKLV FRXUVH� )URP WKH VRIWZDUH GHYHORSPHQW WHFKQRORJ\� VRIWZDUH HQJLQHHULQJ

PDQDJHPHQW DQG VRIWZDUH HQJLQHHULQJ HQYLURQPHQW DQG RWKHU DVSHFWV RI KRZ WR XQGHUVWDQG KRZ

WR DSSO\ WKH V\VWHP� VWDQGDUGL]HG DQG PHDVXUDEOH HQJLQHHULQJ PHWKRGV WR WKH VRIWZDUH

GHYHORSPHQW DQG PDLQWHQDQFH� 7KH PDLQ FRQWHQWV RI WKH FRXUVH DUH LQFOXGLQJ� VRIWZDUH

HQJLQHHULQJ� VRIWZDUH OLIH F\FOH� VWUXFWXUDO DQDO\VLV DQG GHVLJQ PHWKRGV� REMHFW�RULHQWHG DQDO\VLV

DQG GHVLJQ PHWKRGV� VRIWZDUH WHVWLQJ� VRIWZDUH PDLQWHQDQFH� 7KURXJK WKLV FRXUVH� WKH VWXGHQWV

FRXOG PDVWHU WKH EDVLF PHWKRGV RI VRIWZDUH GHYHORSPHQW WHFKQRORJ\ VXFK DV VWUXFWXUHG PHWKRGV

DQG REMHFW�RULHQWHG PHWKRGV� 7KH VWXGHQWV DOVR FRXOG XQGHUVWDQG EDVLFO\ WKH FRQFHSW RI VRIWZDUH

UHXVH DQG WKH PHWKRGV RI FRPSRQHQW�EDVHG GHYHORSPHQW� ZKLOH WKH\ PDVWHU WKH VRIWZDUH

HQJLQHHULQJ PDQDJHPHQW DQG WKH HQYLURQPHQW RYHUDOO�

̂ԋ̃

�̔ᶏΐ ᴆ ̆ΐ ‗ ᴆ ⱬ̕

�̔ᶏΐ ҍῒז ȁ ᵬ῍Ԋ ⱬ



171

�̔ᶏΐ Ҭ ҍ ‗ ⱬȂ

̂҈̃ ҙ ῏

ҙ ҙ

� ���
ᴆ Ғҙ ̆ΐ ‗ ᴆ

ᴆ ⱬȂ

� ��� ҍῒז ̆ ᵬ῍ԊȂ

� ���� ΐ Ҭ ҍ ‗ Ȃ

҈ȁ ῤ ȁ ҍ №

ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

ᴆ
ԅ ᴆ ̆ ᴆ ȁ

ᴆ ץ ᴆ

Ȃ

̔ ᴆ ᴆ

̔ ᴆ

�
�ȁ�ȁ

�

ԅ ᴋⱵȁ ̆

ȁ ȁ

ῖȁ � № Ȃ

̔ ᴋⱵȁ ȁ

̔ ȁ ῖȁ

/ №

� �ȁ�

№

ԅ № ᴋⱵȁҍ

ץ № ҍ

̆ ᵣ� ȁ

ȁ Ȃ

̔ № ᴋⱵȁ №

ҍ

̔ ᵣ- ȁ

� �ȁ�

ᵣ

ԅ ᵣ ȁ

ץ ↕̆ ᴆ

ΐȁ

ᶏ Ȃ

̔ ᵣ

ȁ ᴆ ΐ

̔

� �ȁ�

ȁ ΐ

Ȃ

̔

̔ ΐ
� �ȁ�

ԅ ᴆ ̕

ᾝ ȁ ȁ ȁ

ȁ Ȃ

̔ ᴆ ȁ ᾝ

ȁ ȁ

̔ ȁ
� �ȁ�

ԅ ᴆ ӈ ̆

ᴆ ȁ ȁ ᴆῬ

Ȃ

̔ ᴆ
� �

ԅ ῏

̆ ץ

ȁꜚ ȁⱳ ῏ ӈ

ץ ӊ ῏ Ȃ

̔

῏

̔ ȁꜚ ȁⱳ

῏ ӈץ ӊ ῏

� �ȁ�
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ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

№
ԅ №

� ȁꜚ ȁⱳ

Ȃ

̔ №

̔ ȁꜚ ȁⱳ � �ȁ�

ԅ ‰↕

↕̆ ᴆ № ̆

̔ ‰↕

↕

̔ ᴆ №

� �ȁ�

ᴆ
ԅ ᵀ ᴆ ȁ ᵬ ᵀ ȁ

⅞ȁֲ ȁ Ḡ ȁ ᴆ

Ȃ

̔T ᴆ ȁ ᵬ ᵀ ȁ

⅞ȁֲ ȁ Ḡ ȁ

ᴆ

� �ȁ�

ȁ ᴇ

ץ ҹҺ ץ̆ ⱬҹ

ῤ Ȃ

̂ѿ̃

̆Һ ᴆ Ȃ

ѿ Ȃ

̂ԋ̃

1.

̂�̃ №ҹ ���№̆ ���

̂�̃ ̆ ᵬҙ № ̆ № ���

���Ȃ

̂�̃ ̔ ̆ ���№̆ ���Ȃ

̂�̃ ᶭ ̔ № ‰ Ȃ

̂�̃ ῤ ̔ Ȃ

2. ҍ ᴇ

ᶛ̂ ���� ���̃

̂���̃

̂���̃����� ᵬҙ�����

� � �� �� ��

� � �� �� ��

� � �� � ��

� ̃ �� �� �� ����





174

ᴆ̔ ҍ ᴇ ‰

�̃

̂1̃ ᴇ ‰̔

№ №̆ ̆ ҍ ꜚ̆

ҩֲᴋⱵ̆ Ӱ ҹ̆ Ҋ ᴇ ‰Ȃ

ᴇ ‰

ᴨ Ҍ

�

ӟ Һꜚ̆

ӟ̕ ‰ ᾟ

№̆ ̆

̆ Ȃ

‰ ᴆ

Ȃ

ӟ ̆ ץ

ӟ̕

̆ ҹ

̆

Ȃ ᴆ

̆ ֓

Ҍ Ȃ

ӟҌ ᾟ

№̆ Һꜚ

̆

ѿ

Ȃ

ᴆ

Ȃ

Ҍ Ạ⌠ ӟ

‰ Ȃ

Ҍ ȂҌ ᴆ

Ȃ
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ӟ̕

‰ ᾟ№̆ ̆

̕ ᵬ

Ҭ Ȃ

ӟ̕

‰ ᾟ№̆

̆

̕ ᵬ

Ҭ Ȃ

ӟҌ ̕

̕

ᵬ Ҭ

Ҭ

Ȃ

Ҍ ӟ̕

Ҍ̕

ᵬ Ҭ Ȃ

�

ӟ Һꜚ̆

ӟ̕ ‰ ᾟ

№̆ ̆

̆ Ȃ

ᴆ

Ȃ

ӟ ̆ ץ

ӟ̕

̆ ҹ

̆

Ȃ ᴆ

Ȃ
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№̆ Һꜚ

̆

ѿ

Ȃ ᴆ

Ȃ

Ҍ Ạ⌠ ӟ

‰ Ȃ

Ҍ ȂҌ ᴆ
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̂2̃ᵬҙ ҍ ᴇ ‰

№ ֜ ᵬҙ №̆ Ҋ ᴇ ‰Ȃ

ᴇ ‰

ᴨ Ҍ
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̆ ȁ

̕ №

̆ Ȃ
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̕ Ȃ
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̕

Ȃ

Ҍ ֜ᵬҙ̕
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ȁ Ҍ Ȃ
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ȁ

̕ Ȃ

֜ᵬҙ̕

ȁ

̕

Ȃ

Ҍ ֜ᵬҙ̕

̕ Ҍ

ȁ Ҍ Ȃ
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ȁ ̕

№ ̆ Ȃ

֜ᵬҙ̕

ȁ

̕ Ȃ
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ȁ

̕

Ȃ

Ҍ ֜ᵬҙ̕

̕ Ҍ

ȁ Ҍ Ȃ

̂3̃ ҍ ᴇ ‰

̆Һ ᴆ Ȃ №

̆ Ҋ ᴇ ‰Ȃ

ᴇ ‰

ᴨ Ҍ

� ῀ ᴆ

̆ ῏ ᴆ

ԍ

Ȃ

ᴆ

̆

῏ ᴆ

ԍ Ȃ

ᴆ

̆ ῏

ᴆ ԍ

Ȃ
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̆ ῏ ᴆ

ԍ

Ȃ
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῀ ᴆ Ҭ

῏ ᵬ ֜

Ȃ

ᴆ

Ҭ ῏

ᵬ ֜

Ȃ

ᴆ

Ҭ ῏ ᵬ

֜ Ȃ
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2.14 5208566ȇ ᴆ ҍ⇔ Ȉ

ѿȁ Ḥ

Ҭ ̔ ᴆ ҍ⇔

̔6RIWZDUH 'HYHORSPHQW 	 ,QQRYDWLRQ

������� № �

̔��
҉

��

Ḥ �

ֲ Ғҙ ᴆ

ᾢḱ

ԋ ԋ ̆ ╠ ȁ ȁ-DYD

̆Ӟ ᴆ ȁҒҙ ȁ ҙ

ⱴ⇔ ⇔ҙ Ȃ

ԋȁ ׃

̂ѿ̃ ’

ȇ ᴆ ҍ⇔ Ȉ ᴆ Ғҙ ӟ ѿ ̆ Ῑ ᴆ

⇔ ⇔ҙ Ȃ ץ ᴆ ῃ ҹ ̆ ⇔ ⇔ҙ ̆

ᵥ ᴆ ҙҬ ₮⇔ ץ ῒ Ȃ ᵬ̆

ץ ᵬ ῃ ̆ ῒ ‗

ⱬȂ ӟ̆ ᶛԅ ᴆ ҹ ӟ ᴆ

Ғҙ ⱴ⇔ ⇔ҙ Ȃ

6RIWZDUH 'HYHORSPHQW DQG ,QQRYDWLRQ LV D EDVLF FRXUVH IRU XQGHUJUDGXDWHV PDMRULQJ LQ

VRIWZDUH HQJLQHHULQJ� ,W DLPV WR FXOWLYDWH VWXGHQWV
WKLQNLQJ RI VRIWZDUH HQJLQHHULQJ DQG WKHLU

FRQVFLRXVQHVV RI LQQRYDWLRQ DQG HQWUHSUHQHXUVKLS� 7KLV FRXUVH IRFXVHV RQ WKH NQRZOHGJH RI WKH

ZKROH SURFHVV RI VRIWZDUH HQJLQHHULQJ DQG FRPELQHV ZLWK WKH WKHRUHWLFDO NQRZOHGJH RI LQQRYDWLRQ

DQG HQWUHSUHQHXUVKLS� VR WKDW VWXGHQWV FDQ PDVWHU KRZ WR H[FDYDWH LQQRYDWLYH SURMHFWV LQ WKH

VRIWZDUH LQGXVWU\ DQG UHDOL]H WKHP LQ WKH IRUP RI WHDP� 7KLV FRXUVH IRFXVHV RQ WHDPZRUN�

7KURXJK V\VWHPDWLF SURFHVV� VWXGHQWV FDQ PDVWHU WKH ZKROH SURFHVV RI WHDP ZRUN WR FRPSOHWH WKH

SURMHFW� DQG LPSURYH WKHLU DELOLW\ WR VHOI�VWXG\ DQG UHYLHZ OLWHUDWXUH WR VROYH SUREOHPV� 7KURXJK

WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ XQGHUVWDQG WKH SURFHVV RI VRIWZDUH HQJLQHHULQJ WKURXJK

SURMHFW FDVHV DQG OD\ D IRXQGDWLRQ IRU OHDUQLQJ WKH FRUH FRXUVHV RI VRIWZDUH HQJLQHHULQJ VSHFLDOW\

DQG SDUWLFLSDWLQJ LQ WKH LQQRYDWLRQ DQG HQWUHSUHQHXUVKLS FRQWHVW�
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̂ԋ̃

�̔ ᴆ Ғҙ ‗ ᴆ
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№ ҍ ӟ Ȃ

7KLV FRXUVH LV DQ LPSRUWDQW FRXUVH DPRQJ WKH VLJQDO DQDO\VLV FRXUVH VHWV IRU LQIRUPDWLRQ

VHULHV VSHFLDOWLHV WKDW WKH VWXGHQW DELOLWLHV DUH WUDLQHG WR DQDO\]H DQG SURFHVV WKH VLJQDOV LQ WLPH

GRPDLQ DQG IUHTXHQF\ GRPDLQ� E\ XVLQJ WKH FRPSXWHU KDUGZDUH DQG VRIWZDUH� 7KH FRXUVH ILUVW

GLVFXVVHV WKH DQDO\VLV RI WLPH�GLVFUHWH VLJQDOV 	 V\VWHPV LQ WLPH GRPDLQ� WKHQ GHSHQG RQ WKH

)RXULHU VSHFWUXP DQDO\VLV� WKH WLPH�GLVFUHWH VLJQDOV 	 V\VWHPV DUH DQDO\]HG LQ IUHTXHQF\ GRPDLQ�

/DWHU� WKH GLVFUHWH )RXULHU WUDQVIRUP�')7� DQG IDVW )RXULHU WUDQVIRUP�))7� DUH GLVFXVVHG� ,Q

PHWKRG RI VWDWH YDULDEOH DQDO\VLV� WKH QHWZRUN VWUXFWXUHV RI WLPH�GLVFUHWH V\VWHP DUH DQDO\]HG� 7KH

GHVLJQV RI LQILQLWH LPSXOVH UHVSRQVH�,,5� 	 ILQLWH LPSXOVH UHVSRQVH�),5� GLJLWDO ILOWHUV DUH

GLVFXVVHG UHVSHFWLYHO\� DV ZHOO DV WKH RWKHU NLQG RI GLJLWDO ILOWHUV� $W ODVW� WKH WHFKQLFDO UHDOL]DWLRQV

RI GLJLWDO VLJQDO SURFHVVLQJ DUH LQWURGXFHG� ,Q FHQWHU RI DERYH FRQWHQWV� VRPH H[SHULPHQWV DUH
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GHVLJQHG LQ WKLV FRXUVH VR DV WR PDNH WKH VWXGHQWV WR XQGHUVWDQG DQG PDVWHU WKH NH\ NQRZOHGJH

SRLQWV� HVSHFLDOO\ WR XQGHUVWDQG DQG PDVWHU WKH VNLOOV DQG PHWKRGV RI WKH WHFKQLFDO UHDOL]DWLRQ RI

GLJLWDO VLJQDO SURFHVVLQJ�

%\ WKH OHDUQLQJ RI WKLV FRXUVH� WKH VWXGHQWV FDQ XQGHUVWDQG WKH EDVLF PHWKRGV DQG WRROV RI

GLJLWDO VLJQDO SURFHVVLQJ� DQG FDQ OD\ WKH IRXQGDWLRQV WR VWXG\ WKH ODWHU UHODWHG VHULHV FRXUVHV RI

VLJQDO DQDO\VLV DQG DSSOLFDWLRQ�
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7KH FRXUVH LQWURGXFWLRQ WR GDWD VFLHQFH LV WKH IRXQGDWLRQ RI ELJ GDWD WKHRU\ DQG WHFKQRORJ\

OHDUQLQJ� ,W LV DQ HQWU\�OHYHO FRXUVH� ,WV SXUSRVH LV WR KHOS VWXGHQWV EXLOG D FRPSOHWH GDWD VFLHQFH

NQRZOHGJH V\VWHP� 7KH PDLQ WHDFKLQJ FRQWHQWV RI WKLV FRXUVH LQFOXGH WKH ZKROH OLIH F\FOH RI GDWD

SURFHVVLQJ� EDVLF FRQFHSWV RI GDWD VFLHQFH� GDWD DFTXLVLWLRQ DQG GDWD W\SHV� GDWD SUHSURFHVVLQJ�

GDWD VWRUDJH DQG PDQDJHPHQW� GDWD DQDO\VLV� GDWD YLVXDOL]DWLRQ DQG PDLQ PHWKRGV RI GDWD VHFXULW\�

HWF� $W WKH VDPH WLPH� WKH UHODWHG SODWIRUPV DQG WRROV DUH LQWURGXFHG� .H\ VWHSV DQG EDVLF

RSHUDWLRQV LQ WKH ZKROH OLIH F\FOH RI GDWD VFLHQFH DUH UHDOL]HG WKURXJK DSSOLFDWLRQ FDVHV�
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$UWLILFLDO LQWHOOLJHQFH LV D VWUDWHJLF WHFKQRORJ\ OHDGLQJ WKH QHZ ZDYH RI WHFKQRORJLFDO

UHYROXWLRQ DQG LQGXVWULDO FKDQJH� DV ZHOO LW LV DQ LPSRUWDQW SDUW RI WKH EDVLF UHVHDUFK RI FRPSXWHU

VFLHQFH WKHRU\� 7KH FRXUVH RI ³)RXQGDWLRQV RI $UWLILFLDO ,QWHOOLJHQFH � LV D PDMRU FRPSXOVRU\

FRXUVH RI FRPSXWHU VFLHQFH DQG WHFKQRORJ\�ZLWK WKH UROH RI �LQWURGXFWRU\� DQG �JXLGDQFH��

7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV ZRXOG OHDUQ DQG XQGHUVWDQG WKH SUHVHQWDWLRQ RI DUWLILFLDO

LQWHOOLJHQFH� VHYHUDO YLHZV RI LQWHOOLJHQFH� DQG VRPH LPSRUWDQW UHVHDUFK DUHDV LQ WKLV
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DOVR REWDLQ WKH EDVLF FRQFHSWV DQG PHWKRGV RI DUWLILFLDO LQWHOOLJHQFH� DQG XVH NQRZOHGJH

UHSUHVHQWDWLRQ� UHDVRQLQJ DQG PDFKLQH OHDUQLQJ WR VROYH VLPSOH SUREOHPV�
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6RIWZDUH (QJLQHHULQJ ,,, LV D UHTXLUHG FRXUVH IRU VHQLRU XQGHUJUDGXDWHV RI 6RIWZDUH

(QJLQHHULQJ� 7KURXJK WKH FDVH WHDFKLQJ PHWKRG� VWXGHQWV FDQ PDVWHU WKH EDVLF NQRZOHGJH DQG

DSSOLFDWLRQ DELOLW\ RI VRIWZDUH SURMHFW PDQDJHPHQW� 7KLV FRXUVH FRYHUV WHQ NQRZOHGJH DUHDV RI

6RIWZDUH 3URMHFW 0DQDJHPHQW� LQFOXGLQJ 3URMHFW ,QWHJUDWLRQ 0DQDJHPHQW� 3URMHFW 6FRSH

0DQDJHPHQW� 3URMHFW 7LPH 0DQDJHPHQW� 3URMHFW &RVW 0DQDJHPHQW� 3URMHFW 4XDOLW\ 0DQDJHPHQW�

3URMHFW +XPDQ 5HVRXUFH 0DQDJHPHQW� 3URMHFW &RPPXQLFDWLRQ 0DQDJHPHQW� 3URMHFW 5LVN

0DQDJHPHQW� 3URMHFW 3URFXUHPHQW 0DQDJHPHQW� DQG 3URMHFW 6WDNHKROGHU 0DQDJHPHQW� ,Q

DGGLWLRQ� WKLV FRXUVH ZLOO DOVR FRQVLVW RI ILYH SURFHVV JURXSV� LQFOXGLQJ LQLWLDWLRQ� SODQQLQJ�

LPSOHPHQWDWLRQ� PRQLWRULQJ� DQG FORVHRXW� ,Q RUGHU WR FUHDWH D EDFNGURS HQYLURQPHQW� D UHDO FDVH

ZLOO EH LQYROYHG DV WKH EHJLQQLQJ RI HDFK FKDSWHU WR VWLPXODWH VWXGHQWV¶ LQWHUHVW LQ VWXG\� ZKLOH DW

WKH HQG RI HDFK FKDSWHU� DOO FDVHV ZLOO EH VXPPDUL]HG�
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ҍ Ȃ

ᶏץ ᴋᵥ ╠ Ώ̆

ף Ώ Ȃ

ԋȁ ׃

̂ѿ̃ ’

ҍ Ғҙ ѿ Ғҙ ḱ ̆ ӟ ᶏ̆

̆ ꜚ ȁ ≢ȁ №

ȁ № ȁ ӈ№ ȁ Ữ ȁף ᴨ ף ץ ҩ

̆ Ҭ ԍ ᴆ ӊҬȂ

&RPSLOHU 3ULQFLSOH LV DQ LPSRUWDQW SURIHVVLRQDO FRXUVH IRU FRPSXWHU PDMRUV� &RPSLOHU

FRQVWUXFWLRQ LV WR LQWURGXFH WKH JHQHUDO SULQFLSOHV DQG EDVLF PHWKRGV� ,QFOXGLQJ ODQJXDJH DQG

JUDPPDU� OH[LFDO DQDO\VLV� V\QWD[ DQDO\VLV� 6\QWD[ 7UDQVODWLRQ� LQWHUPHGLDWH FRGH JHQHUDWLRQ�

VWRUDJH PDQDJHPHQW� FRGH RSWLPL]DWLRQ DQG REMHFW FRGH JHQHUDWLRQ� $OWKRXJK RQO\ D VPDOO QXPHU

RI SHRSOH HQJDJHG LQ WKH FRPSLODWLRQ ZRUN� EXW WKLV FRXUVH LQ WKH WKHRULHV� WHFKQLTXHV� PHWKRGV DUH

SURYLGHG IRU VWXGHQWV DQG HIIHFWLYH WUDLQLQJ V\VWHP� KHOS WR LPSURYH VRIWZDUH TXDOLW\ DQG FDSDFLW\

RI VWDII�
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3. Ғҙ ḱ

3.1 5208020ȇ ҍ Ȉ

ѿȁ Ḥ

Ҭ ̔ ҍ

̔7HFKQLFV DQG (QJLQHHU $SSOLFDWLRQ RI 0DULQH %LJ 'DWD

������� № �
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҉
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Ḥ �

ֲ Ғҙ Ḥ ҍ

ᾢḱ

ԋȁ ׃

̂ѿ̃ ’

ȇ ҍ Ȉ ׃ ȁ ֲ ȁ ȁ ȁ ֲ ȁ

ȁ ȁ ȁ Ҋ ȁ Ҋ

ү ԅ Ȃ Ҍ ԍ ̆ ԍ

Ԑ Ҋ ȁ ̆ ӈҹץ ꜚⱬ

ῐ Ḥ Ȃ׃ ꜛ‗ Ҭ

̆ ⌠ ᵬ Ȃ

0DULQH %LJ 'DWD 7HFKQRORJ\ DQG $SSOLFDWLRQV� ZLOO LQWURGXFH GDWD IURP VDWHOOLWHV� PDQQHG

VSDFHFUDIW� VSDFH VWDWLRQV� DLUVKLSV� XQPDQQHG DHULDO YHKLFOHV� VKRUH�EDVHG UDGDU DQG REVHUYDWLRQ

VWDWLRQV� VKLS�ERUQH GHWHFWLRQ SODWIRUPV� EXR\V� XQGHUZDWHU JOLGHUV� XQGHUZDWHU VXEPDULQHV DQG

VXEPDULQH REVHUYDWLRQ QHWZRUNV� ZKLFK FRQVWLWXWH ODUJH RFHDQ GDWD VHDPOHVVO\ DQG ULFKO\� /DUJH

RFHDQ GDWD QRW RQO\ OLHV LQ WKH ODUJH DPRXQW RI GDWD� EXW DOVR LQ WKH UDSLG SURFHVVLQJ� LQWHOOLJHQW

SURFHVVLQJ DQG LQWHOOLJHQW DSSOLFDWLRQ RI PDVVLYH GDWD XQGHU WKH VXSSRUW RI QHWZRUN DQG FORXG

FRPSXWLQJ WHFKQRORJ\� /DUJH RFHDQ GDWD LV GHILQHG DV DQ HPHUJLQJ PDULQH LQIRUPDWLRQ VFLHQFH

SURMHFW GULYHQ E\ ODUJH GDWD� 7KLV SDSHU LQWURGXFHV WKH DSSOLFDWLRQ RI RFHDQ ELJ GDWD LQ GLVDVWHU

DVVLVWDQW GHFLVLRQ�PDNLQJ V\VWHP DQG RLO VSLOO PRQLWRULQJ� VR WKDW VWXGHQWV FDQ VHH WKH SRWHQWLDO

UROH RI RFHDQ ELJ GDWD�
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7HFKQRORJ\̆ ZKLFK SOD\LQJ DQ LPSRUWDQW UROH LQ WUDLQLQJ VWXGHQWVĽ DEVWUDFW� WRS�GRZQ WKLQNLQJ �

V\VWHP DQDO\VLV DQG WKH DELOLW\ WR VROYH SUREOHPV�7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ
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3.3 11014101ȇ Ȉ

ѿȁ Ḥ

Ҭ ̔

̔0DWKHPDWLFDO 0RGHOLQJ

�������� № �

̔��
҉

�� � �� �

Ḥ �

ֲ ᾣ Ғҙ Ғҙ

ᾢḱ ȁ ף ȁ ҍ

ԋȁ ׃

̂ѿ̃ ’

ѿ ̆ ᵥ ‗

ѿ ֜ Ȃ ᾢ׃ ̆

׃ ѿҩ ᴆ0DWODĔ ӟ ⅞ ȁ № ȁ

₃ҩ Ȃ ӟ ᶏ̆ ᴪ

̆ Ṣꜛ ᴆ0DWODE ‗ ῏ ̆ Ῑױז

‗ ⱬȂ

7KLV FRXUVH LV DQ LPSRUWDQW PDWKHPDWLFV FRXUVH LQ HQJLQHHULQJ FROOHJHV DQG XQLYHUVLWLHV� ,W LV

DQ LQWHUGLVFLSOLQDU\ VXEMHFW WKDW VWXGLHV KRZ WR XVH PDWKHPDWLFDO PHWKRGV DQG FRPSXWHU

WHFKQRORJ\ WR VROYH SUDFWLFDO SUREOHPV� 7KLV FRXUVH ILUVW LQWURGXFHV WKH EDVLF LGHD DQG UHDOL]DWLRQ

SURFHVV RI PDWKHPDWLFDO PRGHOLQJ� DQG WKHQ EULHIO\ LQWURGXFHV WKH FRPPRQ PDWKHPDWLFDO

DSSOLFDWLRQ VRIWZDUH 0DWODE� )LQDOO\� LW VWXGLHV VHYHUDO FRPPRQ PDWKHPDWLFDO PRGHOV VXFK DV

PDWKHPDWLFDO SURJUDPPLQJ PRGHO� GLIIHUHQWLDO HTXDWLRQ PRGHO� SUREDELOLW\ DQG VWDWLVWLFV PRGHO LQ

GHWDLO� 7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ EHWWHU XQGHUVWDQG WKH EDVLF LGHD RI

PDWKHPDWLFDO PRGHOLQJ� FDQ EHWWHU VROYH WKH UHOHYDQW SUDFWLFDO SUREOHPV ZLWK WKH KHOS RI

PDWKHPDWLFDO DSSOLFDWLRQ VRIWZDUH 0DWODE� FXOWLYDWH WKHLU DELOLW\ WR DSSO\ PDWKHPDWLFDO WKRXJKWV

DQG PHWKRGV WR VROYH SUDFWLFDO SUREOHPV�

̂ԋ̃

�̔ ԅ Һ ȁ ѿ ̆

№ ̆ ׆ Ԋ ᵬ ̆

ῃ׆ ׃ ⇔ ȁ ȁ Ḥ ᴨ Ȃ
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�̔ ≠ ⅞ ȁ № ȁ ₃

̆ ̆ ῏№ ̆ ⌠ Ȃ

�̔ ≠ 0DWODE ᴆ ⅞ ȁ № ȁ

₃ ̆ № ῒ Ȃ

�̔ ῏ ̆ ᵬ̆№ ῏ ̆ҹ
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̂

ȁ ȁ҉
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ѿ ׃
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̂�̃ ᶛֲ̔

̂�̃ Ώ

̂�̃ ῀ ̔

̂�̃ ῀ ᾑ

׃

ԅ Һ

ȁ ѿ ̆
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Ԋ

ᵬ ̆

ῃ׆

׃ ⇔ ȁ

ȁ Ḥ ᴨ Ȃ
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Һ ȁ

ѿ

̔ ᶛ̔

ֲ

� �ȁ�

ԋ 0DWODE῀
̂�̃0DWODE ῀ҍ

̂�̃ ҍ₱

̂�̃ ҍ

̂�̃0DWODE
̂�̃0DWODEᵬ

≠ 0DWODE ᴆ

ᴆ ᵬȁ ȁ

ᵬ Ȃ
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ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

҈ ⅞
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̂�̃ ⅞ ᶛ
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≠ ⅞

̆ ≠

0DWODE ᴆ
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ҍ
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ҍ
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3.4 11061101ȇ ṿ Ȉ

ѿȁ Ḥ

Ҭ ̔ ṿ

̔6FLHQWLILF &RPSXWLQJ

�������� № �

̔��
҉
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Ḥ � �

ֲ Ғҙ Ғҙ

ᾢḱ � ף � �

ԋȁ ׃

̂ѿ̃ ’

ҹḤ Ғҙ̂ ҍ ̆ ᴆ ̆ Ḥ

ҍ ҍ ̃ ׃̆ Ҭ Ȃ

Һ ῤ ȁ ṿҍ ȁ ṿ №ҍ №ȁ №

ṿ Ȃ ҍ Ȃ Ῑ ṿ ‗ №

ⱬȂ

7KLV FRXUVH PDLQO\ FRYHUV LQWHUSRODWLRQ� DSSUR[LPDWLRQ RI IXQFWLRQV� QXPHULFDO LQWHJUDWLRQ�
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3.6 52010101ȇ ҍ Ȉ
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̔/RJLF DQG &RPSXWHU 'HVLJQ )XQGDPHQWDOV
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ҍ ᵬ ȁ № ᶏ̆ ᾝ

№ Ȃ ӟ̆ ∆ ΐ ֓ ᾝ ᴆ
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/RJLF DQG &RPSXWHU 'HVLJQ )XQGDPHQWDOV LV D EDVLF FRXUVH IRU FRPSXWHU VFLHQFH DQG

WHFKQRORJ\ VSHFLDOW\� %\ PDVWHULQJ WKH EDVLF ZRUNLQJ SULQFLSOHV� EDVLF DQDO\VLV PHWKRGV DQG EDVLF

DSSOLFDWLRQ VNLOOV RI GLJLWDO ORJLF DQG V\VWHPV� VWXGHQWV FDQ DQDO\]H DQG GHVLJQ YDULRXV EDVLF ORJLF

XQLWV� 7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ SUHOLPLQDU\ KDYH WKH DELOLW\ WR DSSO\ WKHVH

XQLWV DQG GHYLFHV WR IRUP D VLPSOH FRPSXWHU V\VWHP�
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ȁ ᴇ

̂ѿ̃

̂ԋ̃

= *60%+ *10%+ᵬҙ*10%+ *20%Ȃ ѿ Ҭ ̆

ῤ ̆ ῤ ₮ ⱬ ̆

ᵬ Ȃ
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̂�̃ ����ᵬҙ���� ���

̂�̃ ̔ ̆ ���№̆ ���Ȃ
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̔&RPSXWDWLRQDO ,QWHOOLJHQFH DQG ,WV $SSOLFDWLRQV
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ᴆ
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Ҭ ꜚ
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ᴆ
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№

̕

№

≢

Ҭ

ꜚ Һ ᴋⱵ

Ȃ

ᴆ

Ạ₮ №

̕

№

№ ≢

Ҭ

ꜚ Һ

ᴋ Ⱶ

Ȃ

ᴆ

Ạ₮ №

̕

№

№ ≢

Ҭ

ꜚ Һ

ᴋ Ⱶ

Ȃ

ᴆ

Ạ₮

̕

№ ≢

Ҭ ꜚ

Һ ᴋⱵ

Ȃ

�

≢

ᴧ ȁ

̕

̕

ḱ ᶛ№

Ҭ Ȃ

≢ ᴧ

ȁ

̕

̕

ḱ ᶛ№

Ҭ №

Ȃ

№

≢ ᴧ

ȁ

̕ №

̕ №

ḱ

ᶛ№ Ҭ

Ȃ

№

≢ ᴧ

ȁ

̕

№

̕Ҍ

ḱ

ᶛ№ Ҭ

Ȃ

Ҍ ∞≢

ᴧ ȁ

̕Ҍ

̕Ҍ

ḱ ᶛ№

Ҭ №

Ȃ

�

̆

ᴇ ᴨ

Ȃ

̆

ᴨ

Ạ₮

ᴇȂ

̆

ᵖ ᴨ

ᴇ

№Ҍ Ȃ

̆

ᵖ ᴨ

ᴇҌ

Ȃ

̆

ᴨ

Ạ₮

ᴇȂ
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3. № ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

ᴆ

№

ꜚ ̆ №

ῤ ῃ ȁ

ȁ№ ‰ ̕

₮ ᴆⱳ

ȁ ⱳ

ҹ ̆

‗ ᴆ

Ȃ

ᴆ

№

ꜚ ̆

№ ῤ

ῃ ȁ ȁ

№ ‰

̕ ₮

ᴆⱳ ȁ

ⱳ

ҹ ̆

‗ ᴆ

Ȃ

ᴆ

№

ꜚ ̆

№ ῤ

ῃ ȁ ȁ

№ ѿ

̕ ₮

ᴆ ⱳ

ȁ ⱳ

№ ̆

ѿ ҉

‗ ᴆ

Ȃ

ᴆ

№

ꜚ ̆

№ ῤ

Ҍ ῃ ȁ№

̕ ₮

ᴆⱳ ȁ

ⱳ

№ ̆ѿ

҉

‗ ᴆ

Ȃ

ᴆ

№

ꜚ ̆ №

ῤ Ҍῃ̆№

̕ ₮ ᴆ

ⱳ ȁ ⱳ

̆Ҍ

‗ ᴆ

Ȃ

�

ᴆ ᴧ

ᵝ ȁ ̆

╠ ȁẊ

Ȃ

ᴆ

ᴧ ᵝ ȁ

̆╠

ȁẊ

Ȃ

ᴆ

ᴧ ᵝҌ

ҩ≢ ᴧ

Ҍ ̆

╠ ȁ

Ẋ

Ȃ

ᴆ

ᴧ ᵝ ѿ

֓ ̆

╠ ȁ

Ẋ

ѿ֓

Ȃ

ᴆ

ᴧ Ạ₮ №

╠̆ ȁ

Ẋ

Ӱȁ ӎ

̆ ҍ ᴆ

ҙⱵ Ҥ

Ȃ

�

№

̆ Һ

ⱳ ̕

№ Ȃ

№

̆

Һ ⱳ

̕№

Ȃ

№

̆

Һ ⱳ

̆ᵖ

Ҍῃ ̕№

Ҍ

Ȃ

№

̆

Һ ⱳ

̆ᵖ

Ҍῃ ̕№

Ȃ

№

̆

Һ ⱳ

̕№ Ҥ

Ȃ

�

ᴆ

ȁ ‰

̕ ↓ Ҭ

ȁ ѿ

ȁ ȁ

ӈ ᴨ

ᴆ

ȁ

‰ ̕

↓ Ҭ №

ѿ ȁ

ȁ

ӈ Ȃ

ᴆ

̕

↓ Ҭ №

ѿ ȁ

ȁ

ӈ Ȃ

ᴆ

Ҍ

̕

↓ Ҭ №

ѿ ȁ ȁ

ӈ

Ȃ

ᴆ

Ӱ̕

↓ Ҭ

ѿ ȁ ȁ

ӈ

Ȃ
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3.12 52040105ȇ ᴆ ҍ Ȉ

ѿȁ Ḥ

Ҭ ̔ ᴆ ҍ

̔6RIWZDUH $UFKLWHFWXUH DQG 'HVLJQ 3DWWHUQV

�������� № �

̔��
҉

�� � � �

Ḥ �

ֲ Ғҙ ᴆ ̆

ᾢḱ
ᾢ ̔&���-DYD ȁ ȁ ̆

̆ ᵣȁ ȁ Ȃ

ԋȁ ׃

̂ѿ̃ ’

ᴆ ҍ ῏Ғҙ Ғҙ ̆ ᶏ

ᴆᵣ Ȃ Һ ῤ ң №̆ ѿ №ҹ ᴆᵣ ̆

׃ ᴆᵣ ȁ ᴆᵣ ҍ ᵬ̆ҹ

ӟ ̆ ԋ №ҹ ҈ ̆ ⇔ ȁ

ҹ ȁ Ȃ ᶛ

̆ᶏ ᴆᵣ ̆ ῖ ̆ ᴆ ҍ

№ ⱬ̆ץ Ҋל ᴆ֟ҙ Ȃ

7KLV FRXUVH LV D SURIHVVLRQDO FRUH FRXUVH IRU VRIWZDUH HQJLQHHULQJ� FRPSXWHU VFLHQFH DQG
WHFKQRORJ\ DQG RWKHU UHODWHG PDMRUV� 7KH SXUSRVH RI WKLV FRXUVH LV WR HQDEOH VWXGHQWV WR PDVWHU
VRIWZDUH DUFKLWHFWXUH DQG FRPPRQ GHVLJQ SDWWHUQV� 7KH PDLQ FRQWHQW RI WKLV FRXUVH LQFOXGHV WZR
SDUWV� 7KH ILUVW SDUW LV VRIWZDUH DUFKLWHFWXUH� ZKLFK LQWURGXFHV WKH PRGHOLQJ DQG VW\OH RI VRIWZDUH
DUFKLWHFWXUH� WKH GHVFULSWLRQ DQG GHYHORSPHQW PHWKRGV RI VRIWZDUH DUFKLWHFWXUH� HWF� DV WKH EDVLV
IRU VXEVHTXHQW GHVLJQ SDWWHUQ OHDUQLQJ� 7KH VHFRQG SDUW LV FRPPRQ WKUHH W\SHV RI GHVLJQ SDWWHUQV�
IRFXVLQJ RQ WKH VWUXFWXUDO FKDUDFWHULVWLFV� SURJUDPPLQJ LGHDV DQG LPSOHPHQWDWLRQ PHWKRGV RI
FUHDWLYH GHVLJQ SDWWHUQV� VWUXFWXUDO GHVLJQ SDWWHUQV DQG EHKDYLRUDO GHVLJQ SDWWHUQV� 7KLV FRXUVH
DGRSWV FDVH�EDVHG DQG GLVFXVVLRQ�EDVHG WHDFKLQJ PHWKRGV WR HQDEOH VWXGHQWV WR XQGHUVWDQG
FRPPRQ VRIWZDUH DUFKLWHFWXUH� PDVWHU FODVVLF GHVLJQ SDWWHUQV� LPSURYH VWXGHQWV
 DQDO\VLV DQG
SUDFWLFH DELOLW\ LQ VRIWZDUH GHVLJQ DQG GHYHORSPHQW� DQG DGDSW WR WKH QHHGV RI WKH VRIWZDUH
LQGXVWU\ LQ WKH QHZ VLWXDWLRQ�

̂ԋ̃

�̔ ᴆ֟ҙ ̆ ᴆᵣ ῖ ̆ ᴆᵣ

ᴆ ῃ ῃ ̆ ᴆᵣ ̕

�̔ Ҍ ῃ ̆ Ҍ ᴨ ȁ
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̆ ᵀ ̕

�̔ Ҍ ‗ ̆ ᴆ ̆

№ ̕

̂҈̃ ҙ ῏

ҙ ҙ

�
��� ᴆ ֟ ῃ ȁῃ �

Ȃ
�� � ‗

� ��� Ҭ ῃȁẫ ȁ ȁ └ Ȃ �� � ‗

� ��� ̆ ̆ Ȃ ��

҈ȁ ῤ ȁ ҍ №

ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

ѿ ᴆᵣ

̂�̃ ᴆ֟ҙ ̕

̂�̃ ᴆᵣ ȁ

̕

̂�̃ ᴆᵣ ̕

῀ ̔ ᴆ֟ҙ ᴨל

ҽᶛ ᴆ֟ҙ

ȁ ᴨל

̕

ᴆᵣ

ӈ̕

̔ ᴆᵣ

ӈ̕

̔ ᴆᵣ Ҭ

ῒᵬ ̕

� �

ԋ ᴆ

̂�̃ ᴆ

̕

̂�̃ ᴆ

ᴆ

̕

ᴆ ̕

̔ ᴆ

№ ̕

̔ ᴆ

ῖ ̕

�
�

�

҈ ᴆᵣ 80/

̂�̃ ᴆᵣ ȁ

̕

̂�̃ ᴆᵣ

ᴆᵣ

̕

ᴆᵣ

80/̕

̔ ᴆᵣ

̕

̔ 80/

̕

�
�

�

₃ҩ ↕

̂�̃ ↕̕

̂�̃ ᴆ ₃ҩ ↕

̂�̃ ׃

ᴆ ₃ҩ

↕̕

̕

̔ ᴆ ₃ҩ

↕̕

̔ ↕

̕

�
�

�

ԓ ⇔

̂�̃⇔ ҍ

̕

̂�̃Έ ⇔

̂�̃Έ ⇔

ҍ

⇔

̕

ᶏ Έ ⇔

‗ ̕

Έ ⇔

ᴨ ȁ

̕

̔ ᵥ≠ Έ ⇔

‗

̕

̔

̕

�
�

�
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ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

Έ

̂�̃ ҍ

̕

̂�̃҂

̂�̃҂

ҍ

̕

ᶏ ҂

‗ ̕

҂

ᴨ ȁ

̕

̔ ᵥ≠ ҂

‗

̕

̔

̕

�
�

�

҂ ҹ

̂�̃ ҹ ҍ

̕

̂�̃ ҹ

̂�̃ ҹ

ҍ

ҹ

̕

ᶏ ҹ

‗ ̕

ҹ

ᴨ ȁ

̕

̔ ᵥ≠

ҹ ‗

̕

̔ ȁ

פ

̕

��
�

�

ȁ ᴇ

̂ѿ̃

Ⱳ ᴇҍ ᴇ ̆ ᴇ ԍ ӟ

ȁ ᵬҙȁ ̆ ᴇ ᵬҙ Ȃ

̂ԋ̃

Ȃ Һ ӟ ȁ

ᵬҙȁ ’ ̆ ���̕ ↕

ῤ ̆ ‗ ̆ ᴆ ᵬ

ҙ̆ ⱴ ̆ ���Ȃ

1.

̂�̃ №ҹ ��№̆ ���

̂�̃ ̆ ӟ ȁ ᵬҙȁ № Ȃ

̂�̃ ̔ ᵬҙ̆ ��№̆ ���Ȃ

̂�̃ ᶭ ̔ ᵬҙ Ȃ

̂�̃ ̔ ᵬҙȂ

̂�̃ ῤ ̔ ԍ҈ҩ ̆ ‗ ̆

̆ ᴆ ᵬҙ̆ ⱴ Ȃ
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2. ҍ ᴇ

ᶛ̂ ���� ���̃

̂���̃

̂���̃ᵬҙ

����� ���� ���� �����
ŀŀ

� �� �� ��� ���

� �� �� ��� ���

� �� �� ��� ���

� ̃ ��� ��� ��� ����

ԓȁ

̆ΐᵣ Ҋ̔

̂�̃ ᶛ ̔ ᴆᵣ Ҭ ᶛ̆ ᶛ№

̕

̂�̃ ̔ Ҭ ₮ ῏ ̆№ ̆ ꞉ ᵬ└ױ 337
̕

̂�̃ ̔Ṣꜛԍ ҉ ̆№֣ѿ֓ ᶛ ̆ ꞉

ӟ ӟ̆ ҉ Ҋ Ȃ

̂�̃ ̔ ԍѿ֓ ̆ ꞉ ҉ҹ ᾢ ̆

↕ ꜛ ̆ ₮ ᾟ Ȃ

Έȁ

҉ ȇ̔ ᴆ ҍ Ȉ

KWWSV���PRRF��FKDR[LQJ�FRP�FRXUVH�����������KWPO

ȇ̔-DYD Ȉ̆ ӈ̆ ̆ ₮ ̆���� � Ȃ

῏ ӥ̔

ȇ+HDG )LUVW 'HVLJQ 3DWWHUQVȈ̆ (ULF )UHHPDQ ̆2
5HLOO\ 0HGLD 3UHVV̆���� �� Ȃ

ȇ Ȉ̆ ↔ᴯ ̆ ₮ ̆���� � Ȃ

ȇ ᴆ ӟ ҍ Ȉ̆ ̆���� �� Ȃ

Һ ֲ̔

ֲ̔ ȁ

̔

◐ ̔

̔���� � �

file:///H:/11111111/《設計模式實訓教程》前言%20-%20劉偉技術博客%20-%20博客頻道%20-%20CSDN.NET_files/《設計模式實訓教程》前言%20-%20劉偉技術博客%20-%20博客頻道%20-%20CSDN.NET.htm
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347

ᴆ̔ ҍ ᴇ ‰

1.ᵬҙ № ‰

ᴨ

̂№ ���№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ
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�

₃ҩ
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ᶛ ⱴץ

̆ᵬҙ

̆ Ȃ

₃ҩ ↕̆

ᶛ

ⱴץ ᵬ̆

ҙ ̆

Ȃ

₃ҩ

↕̆

ᶛ

ᴆ ᵬ̆ҙ

ҙ
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ᴨ

̂№ ���№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�

ҹ

̆

҉ Ὲ

337 ‰̆

₮

ῃ Ȃ

ҹ

̆ ҉

Ὲ 337

̆‰

₮ ῃ

Ȃ

ҹ

ѿ ̆ ҉

Ὲ 337

̆Ҍ

₮ №

Ȃ

ҹ

Ҍ ̆ ҉

Ὲ 337

̆Ҍ

₮ №

Ȃ

ҹ

ҍ̆ ҉

Ὲ 337

̆Ҍ

₮ №

Ȃ

3. ҍ ᴇ ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ
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�

̆ ╩ ԅ

̆

ԅ

Ȃ

̆ ҹ

╩ ԅ

̆

ԅ

Ȃ

̆ ҹ
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̆

Ȃ

̆

╩

̆

Ȃ

̆

╩

̆

Ҍ

Ȃ

�

Ҭῃ

ԅ

ᴨ̆ל

ԅ

̆ ԅ

‗

Ȃ

Ҭ

ԅ
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ԅ

̆

ԅ
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Ҭ
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ᴨ

̆ל

ԅ

̆

‗

Ȃ

Ҭ

ԅ

ᴨ

̆ל

̆

‗

ѿ֓ Ȃ

Ҭ

ԅ

ᴨ

̆ל

̆

‗ Ҍ

Ȃ

�

̆

‰ ‗ԅ

̕

̆

̕

‰

₮ ῃ

Ȃ

̆

‗ԅ

̕

̆

̕

‰

₮ ῃ

Ȃ

̆ ‗

ԅ

̕

̆

̕

₮ №

Ȃ

̆ ‗

ԅ

̕

ѿ֓

̆ ̕

Ҍ

₮

№ Ȃ

Ҍ

̆

‗

̕

̆Ҍ ̕

Ҍ

₮

№ Ȃ
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3.13 52040109ȇWEB Ȉ

ѿȁ Ḥ

Ҭ ̔:(%

̔:HE$SSOLFDWLRQ 'HYHORSPHQW

�������� № ���

̔��
҉

�� � �� �

Ḥ �

ֲ Ғҙ
ҍ ȁ Ḥ ҍ

ҒҙȁḤ ҍ Ғҙ

ᾢḱ -$9$ ȁ-$9$ ȁ ȁ

ԋȁ ׃

̂ѿ̃ ’

:HE Һ ׃ -DYD :HE ̆ 6SULQJȁ6SULQJ09&ȁ

0\%DWLV̂660̃҈ Ȃ ӟ̆ ῃ ԅ :HE

ȁ 660 ȁ ᶏ ΐ ̆ΐ -DYD

:HE Ȃ

:HE $SSOLFDWLRQ 'HYHORSPHQW LQWURGXFHV DOO NLQGV RI NQRZOHGJH LQYROYHG LQ -DYD ZHE

SURJUDP GHYHORSPHQW� IRFXVLQJ RQ WKH EDVLF NQRZOHGJH DQG DSSOLFDWLRQ RI WKH WKUHH IUDPHZRUNV

RI 6SULQJ� 6SULQJ 09& DQG 0\%DWLV�660��7KURXJK WKH FRXUVH VWXG\� VWXGHQWV ZLOO

FRPSUHKHQVLYHO\ XQGHUVWDQG WKH GHYHORSPHQW SURFHVV RI ZHE DSSOLFDWLRQV� PDVWHU WKH FRUH

WHFKQRORJ\ RI 660� EH VNLOOHG LQ XVLQJ GHYHORSPHQW WRROV IRU SURMHFW GHYHORSPHQW DQG

GHSOR\PHQW� DQG KDYH WKH NQRZOHGJH DQG VNLOOV RI -DYD ZHE SURMHFW GHYHORSPHQW�

̂ԋ̃

�̔ ӟ -DYD :HE ̆ ԍ 660

ZHE ̆ ⱳ Ȃ

�̔ ZHE ᴨ ȁ ῃḠ

�̔ΐ ᵬ ȁ ҙ Ȃ
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҈ȁ ῤ ȁ ҍ №

ῤ ӟ ȁ
̂ ȁ

ȁ҉ ȁ ̃

��-'%&

῀ ̔

̆ ᴆ

̆ Ȃ

ᶏ -'%& ̆

ᵬ̕ Ῑ

ҙ Ȃ

̔-'%&

̔ ꜚ ȁ

ұ

� ȁ҉ �

��09&

῀ ̔ 09&

҈ ̆

Ҭ№ ᵬ̆ Ῑ

Ȃ

ZHE ᶏ

҈ ̕ Ῑ

ᵬ Ȃ

̔09&҈ ⱳ ȁ⅞

№

̔09&҈ ⅞№

� ȁ҉

�

�

�

��6SULQJ

ԅ 6SULQJ ̆

└ ,R&

̆ ΐᵣ Ҭ

└ ᶭ ῀Ȃ

̔IoC

̔ └ ҍᶭ ῀ � ȁ҉ �

��6SULQJҬ %HDQ

ԅ 6SULQJ%HDQ ῏

̆ %HDQ

Ȃ

̔6SULQJ %HDQ҈

ȁᵬ

̔6SULQJ %HDQ ҈
� ȁ҉ �

��6SULQJ $23
ԅ $23 ̆

ԍ $VSHFW- $23

̔$VSHFW-$23

̔$23
� ȁ҉

�

�

��6SULQJ ᶏ 6SULQJ-'%& ̔6SULQJ-'%&

̔6SULQJ-'%&
� ȁ҉ �

��6SULQJ ԊⱵ
ᶏ ԊⱵ

̔6SULQJԊⱵ ȁ

ԊⱵ

̔ ԊⱵ

� ȁ҉ �

��∆ 0\%DWLV

ԅ 0\%DWLV

̆ ᶏ 0\%DWLV

ᵬ Ȃ

̔0\%DWLV ᶏ

̔0\%DWLV
� ȁ҉ �

��0\%DWLV
ᶏ 0\%DWLV

ȁ ᴆ ᴆ

ᵬ Ȃ

̔0\%DWLV ȁ

ᴆȁ ᴆ

̔0\%DWLV

� ȁ҉
�

�

���ꜚ 64/
ᶏ ꜚ 64/ 64/

ꜚ Ȃ

0̔\%DWLVꜚ 64/

ᾝ

̔�IRUHDFK!ᾝ

� ȁ҉
�

�

���0\%DWLV ῏ ᶏ 0\%DWLV ῏
ᶏ̔ 0\%DWLV ҈

῏ ῏

̔ ῏

� ȁ҉
�

�

���0\%DWLVҍ 6SULQJ 6SULQJҍ0\%DWLV
̔ ȁ0DSSHU

̔0DSSHU

� ȁ҉

�

�

�
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ῤ ӟ ȁ
̂ ȁ

ȁ҉ ȁ ̃

���6SULQJ09&῀
Ώ 6SULQJ09&῀

̔6SULQJ09& ȁ

ȁ

̔6SULQJ09& ȁ
� ȁ҉ �

���6SULQJ09& ᶏ 6SULQJ09&

ȁ

̔6SULQJ09& ₃

̔6SULQJ09&

� ȁ҉
�

�

���

̆

ᶏ

Ȃ

̔ ȁ

̔

� ȁ҉
�

�

���660

῀ ̔ 660

̆ №

ᵬ̆ Ῑ Ȃ

6SULQJȁ

6SULQJ09& 0\%DWLV̆
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3.14 52040110ȇPython Ȉ

ѿȁ Ḥ

Ҭ ̔3\WKRQ

̔3URJUDPPLQJ LQ 3\WKRQ

�������� № �

̔��
҉

�� ��

Ḥ �

ֲ ԍ Ғҙ ҍ

ᾢḱ

ԋȁ ׃

̂ѿ̃ ’

ȇ3\WKRQ Ȉ ҍ Ғҙ ḱ ̆ Ῑ

3\WKRQ ̆ ≠ ‗ ȁ ⱬȂ

ץ 3\WKRQ ҹ ῤ ץ̆ ҹҺ̆ץ ׃ ҹ ̆ΐ

ᴇṿȂ ӟ̆ᶏ 3\WKRQ Ȃ

ΐᵣ ӟῤ ̔3\WKRQ ȁ ҍ ȁ ᵣ ȁ

̆ 3\WKRQ № ȁ ӟҍֲ

̆ ӟȂ

3URJUDPPLQJ LQ 3\WKRQ LV DQ HOHFWLYH FRXUVH IRU WKH PDMRU RI FRPSXWHU VFLHQFH DQG WHFKQRORJ\� 7KH

SXUSRVH LV WR WHDFK VWXGHQWV¶ SURJUDPPLQJ PRGHO DQG PDNH VWXGHQWV WR VROYH SUREOHP RI GDWD

DFTXLVLWLRQ� GDWD SURFHVVLQJ DQG GDWD YLVXDOL]DWLRQ LQ FRPSXWHUV�

7KLV FRXUVH WDNHV S\WKRQ SURJUDPPLQJ WHFKQRORJ\ DV LWV FRUH FRQWHQW� IRFXVLQJ RQ

DSSOLFDWLRQ� VXSSOHPHQWHG E\ JUDPPDU LQWURGXFWLRQ� DQG KDV VWURQJ SUDFWLFDO DSSOLFDWLRQ YDOXH�

7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ GHYHORS SUDFWLFDO 3\WKRQ ODQJXDJH DSSOLFDWLRQV�

7KH VSHFLILF OHDUQLQJ FRQWHQWV LQFOXGH� EDVLF NQRZOHGJH RI 3\WKRQ ODQJXDJH� EDVLF FRQFHSWV DQG

WHFKQRORJLHV RI FODVVHV DQG PRGXOHV� IRUP DSSOLFDWLRQV� QHWZRUN SURJUDPPLQJ DQG ZHE FUDZOHU

GHYHORSPHQW� PDVWHULQJ WKH DSSOLFDWLRQ RI 3\WKRQ LQ GDWD DQDO\VLV� PDFKLQH OHDUQLQJ� DUWLILFLDO

LQWHOOLJHQFH DQG RWKHU ILHOGV� DQG EHLQJ DEOH WR TXLFNO\ DGDSW WR IXWXUH OHDUQLQJ�

̂ԋ̃

�̔ 3\WKRQ Ώ
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3.15 52050101ȇ ҍ Ȉ

ѿȁ Ḥ

Ҭ ̔ ҍ

̔3ULQFLSOH DQG $SSOLFDWLRQ RI 6&0

�������� № �

̔��
҉
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Ḥ �

ֲ – Ғҙ ҍ

ᾢḱ ,̆,,

ԋȁ ׃

̂ѿ̃ ’

׃ Ȃῤ Һ ̔ ῤ ᴆ ῤ ⱳ

ᴆ ᵬ ̆ ȁ ᵝ ȁҬ ȁ � ȁұ Ȃ

&�� Ȃ ̆ ̔ Ữ ȁ,�2̆ ȁ ȁ

ȁ$�'ȁ'�$ ץ ꜚ Ȃץ ᴆ Ȃ

7KLV FRXUVH LQWURGXFHV WKH SULQFLSOH DQG DSSOLFDWLRQ RI 6&0� 7KH FRQWHQW PDLQO\ LQFOXGHV�

WKH KDUGZDUH VWUXFWXUH RI WKH VLQJOH�FKLS PLFURFRPSXWHU DQG WKH ZRUNLQJ SULQFLSOH DQG DSSOLFDWLRQ

RI WKH IXQFWLRQDO FRPSRQHQWV RQ WKH FKLS� LQFOXGLQJ WKH FORFN FLUFXLW� UHVHW FLUFXLW� LQWHUUXSW V\VWHP�

WLPHU�FRXQWHU� DQG VHULDO SRUW� &�� SURJUDP GHVLJQ EDVLV RI VLQJOH FKLS PLFURFRPSXWHU� 9DULRXV

H[SDQVLRQ LQWHUIDFH GHVLJQV� LQFOXGLQJ� PHPRU\� ,�2� NH\ERDUG� GLVSOD\� PLFUR SULQWHU�� $�'� '�$

LQWHUIDFH FLUFXLW GHVLJQ DQG GULYHU GHVLJQ� $QG WKH VRIWZDUH DQG KDUGZDUH GHVLJQ RI WKH VLQJOH�FKLS

DSSOLFDWLRQ V\VWHP�

̂ԋ̃

�̔ �� ᴆ ȁҬ ȁ � ȁұ ȁ

Ữ ȁ ,�2 ȁ ȁ ȁ ҍ '�$
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�̔ ӟ̆ ᴆȁԅ
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= *60%+ *20% + *20%Ȃ
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ῤ ̆ ῤ ₮ Һ

ԅ ȁ ̆ ᵬ Ȃ

̔ 40%Ȃ 60%̆ ̆ᶏ

ԅ ̆ ⌠ Һꜚ ‗ ⱬ̆ ᶏ

ΐ ⱬ̕
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https://baike.baidu.com/item/人民郵電出版社/905716
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7KH DUW RI SURJUDPPLQJ LV D FRXUVH WR LPSURYH WKH VWXGHQWV
 SURJUDPPLQJ WHFKQRORJ\� DLPV

WR HQKDQFH VWXGHQWV
 FRPSXWHU VFLHQFH WKHRU\ RI PDWKHPDWLFDO NQRZOHGJH� WKH XQGHUVWDQGLQJ RI

WKH DOJRULWKP� DQG WR FXOWLYDWH WKH DELOLW\ RI VWXGHQWV WR XVH ERWK FRPSLOHU DQG UXQ�WLPH DGYDQFHG

SURJUDPPLQJ WHFKQRORJ\�

7KH FRXUVH IURP GLIIHUHQW YLHZ� VXFK DV�GDWD VWUXFWXUHV� DOJRULWKPV� FRPSLOHU WHFKQLTXHV�

KDUGZDUH SULQFLSOH� WR H[SODLQ WKH SURJUDP GHVLJQ VNLOOV DQG DUWLVWU\� H[SODLQ KRZ WR FRQVWUXFW WKH

KLJK TXDOLW\ RI D PRGXODU� UHDGDEOH� VLPSOH DQG LQWXLWLYH� HOHJDQW FRPSXWHU SURJUDP�

7KURXJK WKH FRXUVH VWXG\� VWXGHQWV FDQ OHDUQ KLJK�TXDOLW\ SURJUDPPLQJ NQRZOHGJH DQG LGHDV�

DQG H[SORUH WKH HVVHQFH RI SURJUDPPLQJ DQG GHYHORSPHQW RI SURJUDPPLQJ�
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GHYHORSPHQWV LQ ELJ GDWD UHVHDUFK DQG PXFK PRUH� 7KLV FRXUVH DLPV WR HQDEOH VWXGHQWV PDMRULQJ

LQ ELRLQIRUPDWLFV DQG UHODWHG PDMRUV WR XQGHUVWDQG WKH ODWHVW GHYHORSPHQWV LQ WKH FXUUHQW HUD RI ELJ

GDWD� LQLWLDOO\ JUDVS WKH YDULRXV PHWKRGV RI ELJ GDWD DQDO\VLV DQG WKHLU DGYDQWDJHV DQG

GLVDGYDQWDJHV� DQG FXOWLYDWH VWXGHQWV
 DELOLW\ WR DQDO\]H� PRGHO� SURJUDP� FDOFXODWH DQG VXPPDUL]H

SUDFWLFDO SUREOHPV UHODWHG WR ELJ GDWD WKURXJK SUDFWLFDO DVVLJQPHQWV DQG SURMHFW UHSRUWV�
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3.22 52083103ȇ Ḥ ҍ Ȉ
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Ҭ ̔ Ḥ ҍ

̔0DULQH ,QIRUPDWLRQ 7HFKQRORJ\ DQG $SSOLFDWLRQ
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0DULQH ,QIRUPDWLRQ 7HFKQRORJ\ DQG $SSOLFDWLRQ PDLQO\ LQWURGXFHV VHYHUDO EDVLF

WHFKQRORJLHV RI PDULQH LQIRUPDWL]DWLRQ� LQFOXGLQJ PDULQH LQIRUPDWLRQ DFTXLVLWLRQ WHFKQRORJ\�

PDULQH LQIRUPDWLRQ WUDQVPLVVLRQ WHFKQRORJ\� PDULQH LQIRUPDWLRQ SURFHVVLQJ WHFKQRORJ\ DQG WKH

GHVLJQ DQG LPSOHPHQWDWLRQ RI PDULQH LQIRUPDWLRQ V\VWHP� 7KLV SDSHU LQWURGXFHV VHYHUDO LPSRUWDQW

PDULQH LQIRUPDWLRQ DSSOLFDWLRQ ILHOGV� LQFOXGLQJ WKH DSSOLFDWLRQ RI PDULQH LQIRUPDWLRQ WHFKQRORJ\

LQ WKH FRQVWUXFWLRQ RI PDULQH GDWD FHQWHU� WKH DSSOLFDWLRQ RI PDULQH LQIRUPDWLRQ WHFKQRORJ\ LQ WKH
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GLVDVWHU SUHYHQWLRQ DQG UHGXFWLRQ� WKH DSSOLFDWLRQ RI PDULQH LQIRUPDWLRQ WHFKQRORJ\ LQ PDULQH

PDQDJHPHQW� DQG WKH DSSOLFDWLRQ RI PDULQH LQIRUPDWLRQ WHFKQRORJ\ LQ SRODU VFLHQWLILF UHVHDUFK�
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4.

4.1 5104024ȇ № ҍ Ȉ

ѿȁ Ḥ

Ҭ ̔ № ҍ

̔WKH &RXUVH 'HVLJQ RI 'DWD $QDO\VLV 3ULQFLSOH DQG 7HFKQRORJ\

������� № �

̔��
҉

�� �� �

Ḥ �

ֲ Ҽ Ғҙ ҍ

ᾢḱ

ᾢḱ ȇ̔S\WKRQ Ȉȇ Ȉ

̔S\WKRQᵬҹ № ΐ̆ S\WKRQ

̆ ȁ₱ ӈ ᴆ ᵬ ȇ̕ Ȉ Ῑ

ᾢ ̆ ҍ ȁ ӊ ̆

ῤ ̆ ҍ ᴪ ҩ ӊ Ȃ

ԋȁ Coursê׃ Descriptioñ

̂ѿ̃ ’

ȇ № ҍ Ȉ ȇ № ҍ Ȉ Ȃ

ҍ ̆ 3\WKRQ № ӟҍ ̆ ῀ №

̆ 3\WKRQ ԍ № Һ ΐ ̆ ҬҌ

‗ ̆ № ‗ ⱬȂ

ӟ ᶏ̆ ׆ № ֲ ₮ №

ᴋⱵ̆ΐ № ȁ ȁ ȁ№ ̆ҹ

Ԋ׆ № ῏ ᵬ Ȃ

7KH FRXUVH GHVLJQ RI GDWD DQDO\VLV SULQFLSOH DQG WHFKQRORJ\ LV D SUDFWLFDO FRXUVH VXSSRUWLQJ

WKH FRXUVH GDWD DQDO\VLV SULQFLSOH DQG WHFKQRORJ\� 7KLV FRXUVH ZLOO FRPELQH WKHRU\ DQG SUDFWLFH�

VWXGHQWV WKURXJK 3\WKRQ GDWD DQDO\VLV VWXG\ DQG SUDFWLFH� LQ�GHSWK XQGHUVWDQGLQJ RI WKH EDVLF

SULQFLSOHV RI GDWD DQDO\VLV� 3\WKRQ IRU 'DWD $QDO\VLV WR PDVWHU WKH PDLQ WRROV DQG WHFKQLTXHV� LQ

SUDFWLFH� FRQVWDQWO\ ILQG DQG VROYH SUREOHPV� H[HUFLVH LQGHSHQGHQW DQDO\VLV DQG SUREOHP�VROYLQJ

DELOLW\�

%\ VWXG\LQJ WKLV FRXUVH� VWXGHQWV FDQ FRPSOHWH WKH FRUUHVSRQGLQJ DQDO\VLV DQG GHYHORSPHQW

WDVNV IURP WKH SHUVSHFWLYH RI WKH DSSOLHG GDWD DQDO\VWV� KDYH WKH LQGHSHQGHQW DQDO\VLV� GHVLJQ�

WUDFNLQJ� DQDO\VLV DQG GHEXJJLQJ RI WKH GHYHORSPHQW RI WKH DSSOLFDWLRQ RI EDVLF VNLOOV IRU VWXGHQWV

WR HQJDJH LQ GDWD DQDO\VLV DQG UHODWHG ILHOGV RI UHVHDUFK WR OD\ D VROLG IRXQGDWLRQ�
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ԋȁ Coursê׃ Descriptioñ
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2. ᵬҙ ῤ № ‰
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ΐ
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ΐ

̆
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ȁ
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ȁ
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̆
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�

Ώ
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ⱬ

̆
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ⱬȂ

ΐ

‗
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ⱬȂ

ΐ ѿ

‗
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ⱬȂ

ΐ

‗
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Ώ
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4.6 5208003ȇJAVA Ȉ

ѿȁ Ḥ

Ḥ

Ҭ -DYD

&XUULFXOXP 'HVLJQ RI -$9$ IUDPHZRUN

������� �

№ � ӟ ��

Ғҙ ȁ ȁ ȁḤ ȁ ᾢḱ ,ȁ,,

ҍ

ӥ

̆ ̆ ≢̆ > @ > @

-DYD ӥ >¥@ > @

ԋȁ Coursê׃ Descriptioñ

̂ѿ̃ ’

-$9$ Ғҙ ḱ ̆ ץ -$9$ ҹҺ

Ῑ ԍ -�(( ᴑҙ Ȃ -$9$ Һ ҈ ̆ 6WUXWV�

ΐᵣ ̆ -DYD ȁ╠ +07/ȁ&66ȁ-DYDVFULSW̆≠

-DYD ̆ 6WUXWV� ȁ ᴑҙ Ḥ ̆ҹ ӟ Ḥ

῏ Ҋ Ȃ

7KH FRXUVH GHVLJQ RI -DYD DUFKLWHFWXUH SURJUDPPLQJ LV D SUDFWLFDO FRPSXOVRU\ FRXUVH IRU

FRPSXWHU PDMRUV� ZKLFK DLPV WR FXOWLYDWH VWXGHQWV WR EXLOG HQWHUSULVH OHYHO ZHEVLWHV EDVHG RQ

-�(( ZLWK -DYD DQG SRSXODU IUDPHZRUNV DV WKH PDLQ OLQH� 6WXGHQWV FDQ IRFXV RQ WKH WKUHH

PDLQVWUHDP IUDPHZRUNV RI -$9$� XVH WKH RSHUDWLQJ SULQFLSOHV DQG VSHFLILF DSSOLFDWLRQ

WHFKQRORJLHV RI 6WUXWV�� DQG XVH -DYD ODQJXDJH� IRUHJURXQG +07/� &66� -DYDVFULSW� -DYD

IUDPHZRUN WRROV� DQG 6WUXWV� IUDPHZRUN WR UDSLGO\ DQG HIIHFWLYHO\ GHYHORS HQWHUSULVH OHYHO

LQIRUPDWLRQ V\VWHPV� OD\LQJ D VROLG IRXQGDWLRQ IRU OHDUQLQJ UHODWHG FRXUVHV RI VXEVHTXHQW

LQIRUPDWLRQ V\VWHP FRQVWUXFWLRQ�

̂ԋ̃

�� Ḥ Ҭ ≠̆

̆ ≠ -$9$ ȁ Ữ̆
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Ȃ

�� ̆ Ḥ ⱳ
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ῤ

Day05:JAVA ̆ ȁ Ȃ⇔ ѿҩ ҈ ̂UHJXODU WULDQJOH̃

57ULDQJOH ̆ Ҋ↓ ,6KDSHȂң ᵬҹ 57ULDQJOH ̆

Ҭ ҹ Ȃ

῀ ̔

�

҉ �

Day06:JAVA Ȃ ӈ ̆ 1XPEHU ῒ ̆

̔ ᾝ ṿȁ ṿ ṿȂ⇔ ̆№≢

,QWHJHU 'RXEOH ̆ ȁ ṿȂ

҉ �

Day07̔HTMLᾝ ȁCSS ȁJavascrip ȁ ȁ

₱ ȁ ᴆ Ȃ -6 Ҋⱳ ̆ ҹ ̆

³ ῀ ´̆ ҹ ̆ ῀ Ȃ

῀ ̔ Ҭ ῃ Ȃ Ῑ Ḥ ᴋ ̆

῀᷅ ֲ Ȃױז ᴪҌ ᾣ

̆ ῀᷅ ȁ ȁ ᴆ̆ Ӱ

Ȃ ᴆ ѿ Ғ ԍ

₯̆ └ȁ ȁ Ḥ ̆ Ҍ ̆ᵖ ᴋ ᴰ Ȃ

҉ �

Day08:JSP Ȃ≠ -63 ҹ ̆ ³

῀ ´̆ ҹ ̆ ῀ Ȃ
҉ �

Day09-10:Servlet ȁHttpServletRequest HttpServletResponse Ȃ ԍ

+70/�6HUYOHW ѿҩ Ὲ Ҭ :HE ⱳ̆ ̔

�̃ Ⱶ �ҩ ����ӊ ̆ᵬҹ Ҭ ̕�̃

ᶫѿҩ �ҩ ̆ ץ ҩ ѿҩ ����ӊ

̆ ֜̕ ֜ Ⱶ ∞ Ҭԅ₃ҩ Ȃ

Ҭԅ �ҩ ̆ ҹ Ҭԅѿ ̕ Ҭԅ �ҩ¥ ̆ ҹ

Ҭԅԋ ̕ Ҭԅ �ҩ ̆ ҹ Ҭԅ҈ ̕ ԍ �ҩ ̆

ҹ Ҭ Ȃ

�

҉ �

Day11:JSP ȁCookie Ȃᶏ 3267 ᴰ ̆

PDLQ�MVSҍ +HOOR�KWP ᴆ ᴰ Ȃ
҉ �

Day12:Struts2 ᴆ Ȃ

KWWSV���ZZZ�UXQRRE�FRP�GHVLJQ�SDWWHUQ�PYF�SDWWHUQ�KWPO 09& Ȃ
҉ �

Day13: №

῀ ̔ ᵬȂ ΐ ̆Ӟ

ӊ Ȃᴋᵥҩֲ ⱬ ̆ Ḃ OLQXV ̆Ӟ

⇔ ̆ ֓ ῃ ҹ OLQX[Ώ ̆ױ ᵬ

Ҍ Ȃ

�

҉ �

Day14:ⱳ ҉ �

Day15: ҉ �

Day16̔ ֜ᵬ ȁ ȁ

῀ ̔ ᵬȂ ΐ ̆Ӟ

ӊ Ȃᴋᵥҩֲ ⱬ ̆ Ḃ OLQXV ̆Ӟ

⇔ ̆ ֓ ῃ ҹ OLQX[Ώ ̆ױ ᵬ

Ҍ Ȃ

҉ �

https://www.runoob.com/design-pattern/mvc-pattern.html實現MVC
https://www.runoob.com/design-pattern/mvc-pattern.html實現MVC
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ᴆ̔ ҍ ᴇ ‰

ᴇ ῤ └ № ‰̂ ₃ ̆

Ώ₃ № ‰̃ Ҋ̔

1. ῤ № ‰

ῤ

№ ‰
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Ҭ

ץ
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№ ≠̆
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ⱳ ȁ
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ⱳ̆

ȁ ѿ

̆

№ ȁ

Ҍ № ̕

Ҍ№ ̆ ѿ

Ȃ

Ҭ

ץ

Ҍ ̆

ᵬҬ̆

№ Ҍ ̆

Ҍ ≠ 6HUYOHWȁ

-63ȁ6WUXWV�

̆ⱳ Ҍ
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ȁ
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̆ Ҍ Ȃ
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09&

‰ ̆

ᵬҬ╠
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ⱳ

ⱳ
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ᵬ̆ ҍ

ᶏ̆

Ȃ

09&

‰ ̆

ᵬҬ╠

ⱳ ⅞№ ̆

ⱳ

ⱳ ̆
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Ȃ

09&

‰ ̆

ᵬҬ╠ ⱳ
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ѿ Ȃ
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Ҍ‰ ̆

ᵬҬ╠
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ⱳ Ҍ ⱳ
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ῤ
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4.7 5208008ȇ ᵬ Ȉ

ѿȁ Ḥ

Ҭ ̔ ᵬ

̔&XUULFXOXP 'HVLJQ RI 2SHUDWLRQ 6\VWHP 3ULQFLSOH

������� № �

̔��
҉

� � �� �

������� �

ֲ Ғҙ ȁ ȁ Ғҙ

ᾢḱ ,�,,ȁ ҍ

ԋȁ Coursê׃ Descriptioñ

̂ѿ̃ ’

ᵬ ҹԅⱴ ᵬ ̆

№ ‗ ⱬȂ ᶛ ᵬ ̆ ѿ

↓ ᵬⱴ ᵬ ̆ Ῑ ≠

̆ ᵬ ҩⱳ ׆̆ ѿ ᵣᴪ ᵬ Ҭ ⱳ

└̆ ≠ ᵬ ‗

Ҭ ̆ Ῑ ⱬ № ‗ ⱬȂ

7KH FXUULFXOXP GHVLJQ RI RSHUDWLQJ V\VWHP LV GHVLJQHG WR GHHSHQ DQG FRQVROLGDWH VWXGHQWV


XQGHUVWDQGLQJ RI WKH WKHRUHWLFDO NQRZOHGJH RI RSHUDWLQJ V\VWHP� DQG WR LPSURYH VWXGHQWV
 DELOLW\

WR FRPSUHKHQVLYHO\ DQDO\]H DQG VROYH SUREOHPV ZLWK WKHRUHWLFDO NQRZOHGJH� 7KH FRXUVH IRFXVHV

RQ LQVWDQWLDWLQJ WKH RSHUDWLQJ V\VWHP SODWIRUP� GHHSHQV VWXGHQWV
 XQGHUVWDQGLQJ DQG PDVWHU\ RI

RSHUDWLQJ V\VWHP WKHRU\ DQG SULQFLSOH WKURXJK D VHULHV RI SUDFWLFDO RSHUDWLRQV RI H[SHULPHQWDO

SURMHFWV� DQG WUDLQV VWXGHQWV WR FRPSUHKHQVLYHO\ XVH EDVLF WKHRULHV DQG GHVLJQ PHWKRGV WR GHVLJQ

DQG LPSOHPHQW YDULRXV IXQFWLRQDO PRGXOHV RI WKH RSHUDWLQJ V\VWHP� 7KURXJK WKLV SURFHVV� VWXGHQWV

FDQ IXUWKHU XQGHUVWDQG WKH VWUXFWXUDO GHVLJQ DQG LPSOHPHQWDWLRQ PHFKDQLVP RI WKH EDVLF IXQFWLRQDO

PRGXOHV LQ WKH RSHUDWLQJ V\VWHP� PDVWHU WKH LGHD RI XVLQJ WKH FRQFHSWV DQG SULQFLSOHV RI WKH

RSHUDWLQJ V\VWHP WR VROYH FRPSXWHU V\VWHP SURJUDPPLQJ SUREOHPV� DQG FXOWLYDWH VWXGHQWV
 DELOLW\

RI V\VWHP WKLQNLQJ DQG DQDO\]LQJ DQG VROYLQJ FRPSOH[ HQJLQHHULQJ SUREOHPV�

̂ԋ̃

�̔ └ Ҋ 26 № ҍ ᴇ̆ ᴇ
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̆ ⱬȂ

7KLV FRXUVH LV D FRPSDQLRQ FRXUVH WR WKH $GYDQFHG 3URJUDPPLQJ FRXUVH� 7KLV FRXUVH

V\VWHPDWLFDOO\ SUDFWLFHV EDVLF :LQGRZV SURJUDPPLQJ DQG LWV DSSOLFDWLRQ LQ SUDFWLFDO SUREOHPV�

7KH PDLQ GHVLJQ WHFKQLTXHV LQFOXGH� PHVVDJH UHVSRQVH PHFKDQLVP� *',� UHVRXUFHV�

PXOWL�WKUHDGLQJ� *38 SDUDOOHO FRPSXWLQJ� HWF� 7KURXJK WKH FRXUVH� VWXGHQWV OHDUQ WR UHDG DQG

XQGHUVWDQG WKH VSHFLILF SUREOHPV LQYROYHG LQ :LQGRZV SURJUDPPLQJ� GHYHORS WKHLU SURJUDPPLQJ

WKLQNLQJ� DQG HQKDQFH WKHLU FRPSUHKHQVLYH DSSOLFDWLRQ SURJUDPPLQJ VNLOOV�
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�̔ :LQGRZV 6'. *8, ̕
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&RXUVH 'HVLJQ RQ 0DULQH %LJ 'DWD 7HFKQRORJ\ DQG $SSOLFDWLRQV� ZLOO ZRUN LQ H[DPSOH RI

XUEDQ VWRUP VXUJH GLVDVWHU DX[LOLDU\ GHFLVLRQ V\VWHP� 7KH WRWDO FRXUVH GHVLJQ ZLOO GLYLGH LQWR ILYH

SDUWV� 0DULQH %LJ GDWD DSSOLFDWLRQ IUDPHZRUNV RQ FORXG FRPSXWLQJ SODWIRUP� IRUHFDVW DQDO\VLV RQ

6KDQJKDL VWRUP WLGH GLVDVWHU� GLVDVWHU HYDOXDWLRQV RQ 6KDQJKDL VWRUP WLGH� VKDQJKDL VWRUP VXUJH
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&RXUVH GHVLJQ RI GDWDEDVH SULQFLSOH LV D SUDFWLFDO FRXUVH VXSSRUWLQJ GDWDEDVH SULQFLSOH� ZKLFK

FRQVROLGDWHV VWXGHQWV
 WKHRUHWLFDO NQRZOHGJH WKURXJK SUDFWLFH� HQDEOHV VWXGHQWV WR KDYH D PRUH
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7KLV FRXUVH LV D FRPSXOVRU\ SUDFWLFH OLQN LQ WKH XQGHUJUDGXDWH WHDFKLQJ RI FRPSXWHU PDMRUV�

ZKLFK SOD\V DQ LPSRUWDQW UROH LQ FXOWLYDWLQJ VWXGHQWV
 SUREOHP�VROYLQJ DELOLW\ DQG SUDFWLFDO DELOLW\�

7KURXJK FRXUVH SUDFWLFH� VWXGHQWV UHO\ RQ DFWXDO SURMHFWV WR FRPSOHWH SURMHFW GHVLJQ DQG

GHYHORSPHQW� XVH WKH NQRZOHGJH WKH\ KDYH OHDUQHG WR DQDO\]H DQG VROYH SUDFWLFDO SUREOHPV E\

YDULRXV PHDQV DQG PHWKRGV� DQG FXOWLYDWH WKHLU DELOLW\ WR DQDO\]H ILHOG H[DPSOHV ZLWK WKH KHOS RI

OLWHUDWXUH UHVHDUFK� ,Q WKH FRXUVH RI SUDFWLFH� VWXGHQWV ZLOO GHYHORS D JRRG SURJUDPPLQJ VW\OH� EH

DEOH WR FRPSOHWH WKH GHVLJQ DQG GHEXJJLQJ RI PRGXOHV IRU VSHFLILF QHHGV� DQG EH DEOH WR RSWLPL]H�

7KH SUDFWLFH OLQN LV FDUULHG RXW DIWHU OHDUQLQJ UHOHYDQW SURIHVVLRQDO FRXUVHV� GULYHQ E\ SURMHFWV� DQG

VWXGHQWV FRPSOHWH WKH VSHFLILHG SUDFWLFH FRQWHQW LQ WKH IRUP RI WHDPV DW WKH VSHFLILHG WLPH�
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̂ѿ̃ ’

ȇҒҙ Ȉ Ḥ ҍ Ғҙ ѿ ̆

ӟ ῏Ғҙ ץ̆ ꜚ ᵬ ῤ

Ȃ Ῑ Ғҙ *,6 ᴆ ᵬ ⱬ ԋ ⱬ̆

ᴑҙ ᵬ Ῑ ̆

ѿ ↓ ̆ ꜚ ⱬ Ῑ Ȃ

0DMRU &RPSUHKHQVLYH ([SHULPHQW LV D FRPSUHKHQVLYH SUDFWLFDO FRXUVH IRU WKH PDMRU RI

VSDWLDO LQIRUPDWLRQ DQG GLJLWDO WHFKQRORJ\� ZKLFK UHTXLUHV VWXGHQWV WR FRPSOHWH WKH VSHFLILHG
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VSDFH VSHFLDOW\� 7KH WUDLQLQJ SURFHVV LV FRPSOHWHG E\ WKH JXLGDQFH RI HQWHUSULVH WXWRUV DQG

VWXGHQWV
 RQ�VLWH RSHUDWLRQ� 6WXGHQWV DUH UHTXLUHG WR LQGHSHQGHQWO\ GHVLJQ DQG FRPSOHWH D VHULHV RI

H[SHULPHQWDO SURMHFWV� ZKLFK ZHOO FRPELQHV WKH H[SODQDWLRQ RI UHVHDUFK DQG GHYHORSPHQW VNLOOV

ZLWK WKH FXOWLYDWLRQ RI SUDFWLFDO DELOLW\�
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̂ѿ̃ ’

ӟ Ғҙ Ҭ ḱ ̆ Ῑ ‗ ⱬ ꜚ

ⱬΐ ᵬ Ȃ ӟ̆ ᶭ ̆ ҍ֟

̆Ҍֽ ץ ̆ № ‗ ̆ Ῑ

ᵬ ̆ ֟ ᴪȁ ̆ Ῑ

Ȃ ̆ ӟ Ώ ̆ᶏ ΐ ∆ Ώ ⱬ̆

ⱬȂ

&RPSUHKHQVLYH SUDFWLFH LV D FRPSXOVRU\ SUDFWLFH OLQN LQ WKH XQGHUJUDGXDWH WHDFKLQJ RI

FRPSXWHU PDMRUV� ,W SOD\V DQ LPSRUWDQW UROH LQ FXOWLYDWLQJ VWXGHQWV
 DELOLW\ WR VROYH SUREOHPV DQG
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SUDFWLFH� 7KURXJK WKLV LQWHUQVKLS� VWXGHQWV FDQ GLUHFWO\ SDUWLFLSDWH LQ WKH GHVLJQ DQG GHYHORSPHQW

SURFHVV RI SURGXFWV E\ UHO\LQJ RQ DFWXDO SURMHFWV� 7KH\ FDQ QRW RQO\ XVH WKH NQRZOHGJH WKH\ KDYH

OHDUQHG DQG XVH D YDULHW\ RI PHDQV DQG PHWKRGV WR DQDO\]H DQG VROYH SUDFWLFDO SUREOHPV� EXW DOVR

FXOWLYDWH WKH VHQVH RI WHDPZRUN� $W WKH VDPH WLPH� WKH\ FDQ XQGHUVWDQG WKH LPSDFW RI WKH DFWXDO

SURGXFWLRQ SURFHVV RQ VRFLHW\� ODZ DQG RWKHU DVSHFWV� DQG FXOWLYDWH WKH FRQFHSW RI VXVWDLQDEOH

GHYHORSPHQW� ,Q DGGLWLRQ� WKURXJK WKH ZULWLQJ DQG GHIHQVH RI WKH LQWHUQVKLS UHSRUW� WKH VWXGHQWV

FDQ KDYH WKH SUHOLPLQDU\ DELOLW\ RI ZULWLQJ GRFXPHQWV� GHIHQVH DQG FRPPXQLFDWLRQ�

̂ԋ̃

䈮GḀGᢈG奀 G一Gྔ Gᦞ G一GᯭGḀ Gᤙ G䘲 G⹈ G䐔
G䇑 ˅瘀GḀG䟷G GⲴကG倘G⌈G܀ Gᔰ Gᇎ GȀGG倘 G᷈ ˅ G G᷀䀓

瘀䈮
阀

˅䈮

H
阀 䈮GḀ G G᷀䇸 GG˅ᢰG⬀G䀓G䖳Gᵲ G⬀G一

Gਸက G㲁 G䀓GᯩGG唀

G᐀G܀ GᔀGॆက Gᖡ

GᰀGྔGᲠ G㐀G㤈G亢ကGᇎG䗷G奝GȀ G⨶က GᐘG G䍓
䈮䈮ҼG㾻

D䈮GḀGᤷ Gᮉ Gᤷ GЀGྔ G奀 G䚨Gꎈ G㿸 Gࡦက㜀㜀˅ G˅᐀ G G䌀 Gྭ G㙸G㤈Gྔ G䄀 G䇑Gᵨ G稸G༷ G䙐 G G䇑Gᵨ GⓀ G⬀ G⍫GG❦ကGຳ GᖡGȀ G㴀 GӋGӗGࠀG㠚G䐀 G⧔G؍䈮䈮ҼG㾻
D 䈮GḀ GG奀 Gⴞ GᨀGⲴက G縸GḀG䇑GẓGᆸGⲴကG䆈G奀
G䗷 Gⴞ G䗒ကG㓳G༷G⍱ G䰀 GᲠG䗮 G৸GㆄကGᮉ GᴹG⋄Gо G⍱ G㜭

䈮䈮ҼG㾻

DU 䈮GḀGᢈG奀 G一Gྔ G葛 G⨶က GྖကGG᮷
䐀G䀓˅GᢰGⲴကG䰀 G䎻GࠀGꎈ GⴞG㞧 G GᆖကG一˅G⸀GⲴကGઈ GਸGԀG䐘GॆကGᲔG˅䘘GӔက䈮䈮ҼG㾻DU 䈮GḀG亢ကGᤄ G縸G一 G䴰G࠶ကGḀG䇑Gԓ GᇎGㅹG㎸
吀G㑫 G奀GG⸀GⲴကG࣋Gस GሂကGᵔG一 G⨶က GǃG㓣G㔃GᨀGᴹG혈G一 G㜭
Gྔ GᐘGᦞGᆖကGᢰGⲴကGኅ䈮ҼG㾻
DLG᭤GḀGྔGᇎ G䗷G奝 GԘ G˅᐀ 䈮Gꮈ GG䊘G⛨Gᆖက G萀椀G㑫G Gࣷᔰ GǃG䈮 GࡋGᇎ䈮G᱁Ԁ䈮 ˅䈮 䈮䈮䈮˅ҼG㾻䈮䈮䈮 ҼG㌀G葔က

GᦞG䰀GG 䈮 Gᐘ G∀G㾻GᤷG⛩䈮GḀ˅G᫋G
GᤷG⛩
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ⱬΐ ᵬ Ȃ ӟ̆ ᶭ ̆ ҍ֟

̆Ҍֽ ץ ̆ № ‗ ̆ Ῑ

ᵬ ̆ ֟ ᴪȁ ̆ Ῑ

Ȃ ̆ ӟ Ώ ̆ᶏ ΐ ∆ Ώ ⱬ̆

ⱬȂ

&RPSUHKHQVLYH SUDFWLFH LV D FRPSXOVRU\ FRXUVH LQ XQGHUJUDGXDWH WHDFKLQJ RI FRPSXWHU

VFLHQFH� ZKLFK SOD\V DQ LPSRUWDQW UROH LQ FXOWLYDWLQJ VWXGHQWV
 DELOLW\ WR VROYH SUREOHPV DQG

SUDFWLFH� 7KURXJK WKLV FRXUVH� VWXGHQWV FDQ GLUHFWO\ SDUWLFLSDWH LQ WKH GHVLJQ DQG GHYHORSPHQW RI

SURGXFWV EDVHG RQ DFWXDO SURMHFWV� 7KH\ FDQ QRW RQO\ XVH D YDULHW\ RI PHDQV DQG PHWKRGV WR

DQDO\]H DQG VROYH SUDFWLFDO SUREOHPV� EXW DOVR FXOWLYDWH D VHQVH RI WHDPZRUN� $W WKH VDPH WLPH�

WKH\ FDQ XQGHUVWDQG WKH LPSDFW RI WKH DFWXDO SURGXFWLRQ SURFHVV RQ VRFLHW\� ODZ DQG RWKHU DVSHFWV�

DQG FXOWLYDWH WKH FRQFHSW RI VXVWDLQDEOH GHYHORSPHQW� ,Q DGGLWLRQ� WKURXJK WKH ZULWLQJ DQG GHIHQVH

RI WKH LQWHUQVKLS UHSRUW� VWXGHQWV FDQ KDYH SUHOLPLQDU\ GRFXPHQW ZULWLQJ DELOLW\� GHIHQVH DQG

FRPPXQLFDWLRQ DELOLW\�
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4.19 5208107ȇ ҍ Ȉ
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0DS5HGXFHȁ+LYHȁ6SDUNȁ)OLQN ῤ ̆ ԅ῀ ᵬ̆

῏ ̆ҹ ᶫ Ȃ

7KLV FRXUVH LV D VXSSRUWLQJ SUDFWLFDO FRXUVH RI �%LJ 'DWD 3ULQFLSOHV DQG 7HFKQRORJ\�� 7KH

FRXUVH DUUDQJHV HQWU\�OHYHO SUDFWLFDO RSHUDWLRQV IRU LPSRUWDQW FKDSWHUV VXFK DV /LQX[� +DGRRS�

+')6� +%DVH� 0DS5HGXFH� +LYH� 6SDUN� )OLQN� HWF�� VR WKDW VWXGHQWV FDQ EHWWHU XQGHUVWDQG DQG

PDVWHU WKH NH\ WHFKQRORJLHV RI ELJ GDWD� DQG KHOS VWXGHQWV LQ WKH ILHOG RI ELJ GDWD� 7KH DSSOLFDWLRQ

SURYLGHV JRRG WKHRUHWLFDO DQG WHFKQLFDO VXSSRUW�
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4.20 5208108ȇ Ȉ

ѿȁ Ḥ

Ҭ ̔

̔&RXUVH 'HVLJQ RI %LJ 'DWD 3URFHVVLQJ 7HFKQRORJ\
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ԅ ᶛ ̆ 6SDUN῏ ̆ Ῑ ≠ 6SDUN

№ ⱬ̆ҹ ᶫ Ȃ

7KLV FRXUVH LV D VXSSRUWLQJ SUDFWLFH FRXUVH IRU �%LJ 'DWD 3URFHVVLQJ 7HFKQRORJ\�� 7KH FRXUVH

DUUDQJHV HQWU\�OHYHO SUDFWLFDO RSHUDWLRQV DQG FRPSUHKHQVLYH FDVH H[SHULPHQWV IRU LPSRUWDQW

FKDSWHUV VXFK DV 6SDUN LQVWDOODWLRQ DQG GHSOR\PHQW� 6SDUN FRUH� 6SDUN 64/� 6SDUN 6WUHDPLQJ�

6SDUN 0O/LE� HWF�� VR WKDW VWXGHQWV FDQ EHWWHU XQGHUVWDQG DQG PDVWHU WKH NH\ SRLQWV RI 6SDUN�

7HFKQRORJ\� FXOWLYDWH VWXGHQWV
 FRPSUHKHQVLYH DELOLW\ WR XVH 6SDUN IRU ELJ GDWD DQDO\VLV DQG

SURFHVVLQJ� DQG SURYLGH JRRG WKHRUHWLFDO DQG WHFKQLFDO VXSSRUW IRU VWXGHQWV
 DSSOLFDWLRQ LQ WKH ILHOG

RI ELJ GDWD�
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̂ѿ̃ ’

ῤ № ȁ ‖ № ȁ № ȁ № Ғ

ȁ Ȃ ̆ ץ *,6№ ̆

№ ΐ ᶏ ̆ ῏ ̆ ΐ ‗

̆ № ᵬ₮ ᵀ ∞ Ȃ

7KH FRXUVH FRQWHQWV LQFOXGH EDVLFH[SHULPHQWV VXFK DV VSDWLDO RYHUOD\ DQDO\VLV� EXIIHU

DQDO\VLV� QHWZRUN DQDO\VLV DQG WHUUDLQ DQDO\VLV� DV ZHOO DV FRPSUHKHQVLYH DQG GHVLJQ H[SHULPHQWV

RULHQWHG WR WKHPDWLF DSSOLFDWLRQV� 7KURXJK WKLV FRXUVH GHVLJQ� VWXGHQWV FDQ XQGHUVWDQG EDVLF *,6

VSDWLDO DQDO\VLV PHWKRGV� PDVWHU WKH XVH RI FRPPRQ DQDO\VLV WRROV� XQGHUVWDQG WKH VHWWLQJ RI

UHOHYDQW SDUDPHWHUV� FRUUHFWO\ VHOHFW DQG FRPELQH WRROV WR H[SORUHDQG VROYH VLPSOH JHRVSDWLDO

SUREOHPV� DQG FRUUHFWO\ HYDOXDWH DQG MXGJH WKH DQDO\VLV UHVXOWV�





561

ῤ

ץ ҹᶛ̆ ⱴ№

�

�

ץ ҹᶛ̆ ‖ № �

№ ȁ ȁ ȁ № �

⅞ ᶃ ȁ ȁ
�

ȁ �ȁ�

ץ ҹᶛ̆ № �ȁ�

⇔ ̆∞ ԍ ѿ ҍ ̕⇔ ̆∞

ѿҩ ҩ ⌠ ῀ Ἕ ᾝȂ
�

�ȁ�

ץ ᶛҹᶛ̆ ҹ̆ ₮

̆ Ҭ Ȃ

�ȁ

�ȁ�ȁ�ȁ�

ȁ ҍ ᴇ

ҍ ᴇ ̆ ῒ ᴇ ‰̆ ῤ ҍ

῏ ̆ ҍ ᴇ ‰̆

̔

̔ ῤ ҍ ̆ № ‰ ̕

№ ‰ ̔ ҍ ̕ ̂ ȁ ӟȁ ҙ ̃ᴋ

Ⱶ ᵣ ̕ῒ ̂ ꜚȁ ̃ № ᵬ̆ ‰ Ȃ

̂ѿ̃

ҹ ȁ ץ Ȃ

̂ԋ̃

ѿ Ȃ

Һ ӟ ȁ ȁᵬҙȁ ȁ ’

Ȃ ᶛҹ ���Ȃ

Ȃ

1.

̂�̃ №ҹ ���№̆ ���

̂�̃ ̆ ȁ ң № ̆ №

№ ‰ ’‗ Ȃ

̂�̃ ̔ ̆ ���№̆ ���Ȃ

̂�̃ ᶭ ̔ № ‰ Ȃ

̂�̃ ̔ Ȃ

̂�̃ ῤ ̔ Ȃ



562

2. ҍ ᴇ

ᶛ̂ ���� ���̃

̂���̃

̂���̃����� �����

� �� � � ��

� �� � � ��

� �� � �� ��

� � � � ��

� � � � �

� ̃ �� �� �� ����

ԓȁ

ҍȇ ҍ№ Ȉ ȇ̆ ҍ№ Ȉ ȇ̆

ҍ№ Ȉ ᵬ̆ ҍ Ȃ ᶛ ̆

Ῑ ⇔ ⱬץ ‗ ⱬȂ

Έȁ

҉̔ ӟ

Ҋ̔

�� ȇ̆$UF*,6 Ḥ № ̂ ԋ Ȉ̃̆ ₮ ̆����

�� Ȃ

Һ ֲ̔

ֲ̔ ȁ

̔

◐ ̔

̔���� � �



563

ᴆ̔ ҍ ᴇ ‰

̂ ₃ ̆ Ώ₃ № ‰̃ ᴇ ῤ

└ № ‰̆ Ҋ̔

1. № ‰

ᴨ

̂№ ���№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�

̂��̃

№

̆ΐ

ᴨ ≢ ∞

Ҭ

Ḥ ȁ

῏ №

ᵬ ⱬ

№

̆ΐ ≢

∞

Ҭ Ḥ

ȁ῏

№ ᵬ

ⱬȂ

ץ №

̆

≢ ∞

Ҭ

Ḥ ȁ

῏ №

ᵬ ⱬ

№

ΐ̆

ѿ ≢ ∞

Ҭ

Ḥ ȁ̓͂

№

ᵬ ⱬ

Ҍ №

̆ғҌ

≢ ∞

Ҭ Ḥ

ȁ῏

№

ᵬ ⱬ

�

̂���̃

ᾟ№

№ ̕

ᵬ

̕ ᾟ№

└

Ȃ

№

̕

ᵬ ̕

└

Ȃ

ץ

̆

ᵬ̆

└

Ȃ

Ạ⌠

ӟ ‰ ̕

̆

ᵬ

̕

└ Ȃ

Ҍ Ạ⌠

ӟ ‰ ̕

Ҍ ̕Ҍ

̕

└

Ҍ ⌠Ȃ

�

̂���̃

ӟ

‰ ̕

№

̆

ῤ ̆

№

№ ⱳ

Ҭ ῖ

̆

ᴨ Ȃ

ѿ

ӟ ‰ ̕ԅ

№

̆

ῤ ̆ ץ

№

№ ⱳ

Ҭ ῖ

̆ №

ᴨ Ȃ

ᴪ ӟ

‰ ̕ԅ

№

̆

̆ ץ

№ ҬҺ ⱳ

Ȃ

Ạ⌠

ӟ ‰ ̕

ԅ №

̆

ῤ ̆ №ץ

№ⱳ Ҭ ῖ

Ȃ

Ҍ Ạ⌠

ӟ ‰ ̕

Ҍ ̆Ҍ

ῃ ῤ

̆ №

№

ⱳ Ҭ ῖ

ѿ

Ȃ

�

̂���̃

ΐ ᵬ

̆ Һꜚ

₮

ӏԍẁ ῒז

ΐ ᵬ

̆ ₮

ẁץ ῒ

ז

ץ

ᵬ̆ ₮

ẁ ֲז

ΐ ѿ

ᵬ ̆

₮

№ ῒז

ᵬ

̆Ҍ Һꜚ ₮

̆ӞҌ

ẁ ῒז

�

̂��̃

̆

ҍ№

ȁ ̕

̆ ̆

Ȃ

֜ ̆

ҍ№

̕ ̆

̆

Ȃ

ῃ ֜

̆ №

̆ ȁ

̆

Ȃ

֜

̕ ҍ

№ Ȃ

֜

̕

ҍ№ Ҍ ̆

Ȃ





565

3. № ‰

ᴨ

̂№ ���№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�

̂��̃

ҹῖ

*,6

ᴆ ̆

ȁ

ȁ

Ғҙ

ҍ Ȃ

ҹῖ

*,6

ᴆ ̆

ȁ

ȁ

Ғҙ

ҍ

Ȃ

ҹῖ *,6

ᴆ

̆

ȁ

ȁ Ғ

ҙ

ҍ Ȃ

ҹῖ

*,6

ᴆ ̆

ȁ

ȁ

Ғҙ

ҍ Ȃ

Ҍ ῃ ҹῖ

*,6

ᴆ ̆

ȁ

ȁ Ғҙ

ҍ Ȃ

�

̂��̃

ԍ

̆

῀№

Ḥ

̆ Ȃ

ԍ

̆

№ Ḥ

̆

Ȃ

ץ ԍ

№̆

Ḥ

̆

⌠ Ȃ

№ ԍ

̆

№ Ḥ

̆

⌠ № Ȃ

Ҍ ԍ

№̆

Ḥ ̆

⌠ Ẓ Ȃ

�

̂���̃

῀

Ғҙ Ҭ̆

ᴆ

̆

‗

Ȃ

Ғҙ Ҭ̆

ᴆ

̆ ‗

Ȃ

Ғҙ Ҭ̆

ᴆ

̆ ‗

Ȃ

Ғҙ Ҭ̆

ᴆ

Ȃ ‗

̆p

Ȃ

Ғҙ

Ҭ̆

ᴆ Ȃ

ӎ Ȃ ‗ Ҍ

Ȃ

�

̂��̃

ᾟ№ №

ȁ № ȁ

‖ № ȁ

№

№

ȁ № ȁ

‖ № ȁ

№

№ ȁ

№ ȁ ‖ №

ȁ №

№

ȁ № ȁ

‖ № ȁ

№

̆ᵖ

№ ȁ

№ ȁ ‖ №

ȁ №

̆ №

Ҍ

�

̂��̃

ҽ₮ ᶛ

№ №

ѿ

̕

ҹῖ *,6

ᴆ

̆

ȁ

ȁ

Ғҙ

ȁ

ᴨ ᶛȂ

ҽ₮ ᶛᵣ

№

ѿ ̆

ҹῖ

*,6

ᴆ ̆

�a� ҩ ȁ

ȁ

Ғҙ

ȁ

ᶛ

∆ ᴨ Ȃ

ҽ₮ ᶛᵣ

№

ѿ ̆

ԅ ҹ ῖ

*,6

ᴆ ̆

ȁ

ȁ Ғ

ҙ

ȁ ץ

ᶛ

ᴨ Ȃ

ҽ₮ ᵣ

№ ѿ

ᶛҌΐᵣ̆ ԅ

ҹῖ *,6

ᴆ

̆ ҩ

ȁ ȁ

Ғҙ

ȁ

ᶛ ᴨ Ȃ

Ҍ ҽ₮ ᶛᵣ

№ ѿ

Ҍ̆ԅ

ῖ *,6

ᴆ Ҍ̆

ȁ

ȁ Ғҙ

ᴨ Ȃ



566

4.26 5208314ȇ Ȉ

ѿȁ Ḥ

Ḥ

Ҭ

&XUULFXOXP 'HVLJQ RI )XQGDPHQWDOV RI VSDWLDO GDWD DFTXLVLWLRQ WHFKQRORJ\

������� �

№ � ӟ �

Ғҙ Ḥ ҍ ᾢḱ

ҍ

ȇ Ȉ ȇ Ȉ ̆

≠ ῏ᾢḱ ̆ ľץ ᾝ ᵬĿҹҺ Ȃ

ȁ ȁ ץ̆ └ ⱬ̆ ̆ Ҭ Ῑ

Ԋ ȁҤ ᵬᵬ Ȃ

ӥ

� � $UF*,6 Ḥ №



567

̂ԋ̃

�̔ Ҭ ῏ ҍ ̕

Ḥ ̆ ̕ ̆

̆ Ȃ

�̔ ҉ ȁ Ữȁ ȁ№ ῃ ̕

ѿ֓ № ̕ ‗ѿ Ȃ

�̔ ѿҩ ̆ ̆ ѿҩ

̆ № ᴨⱷ ̆ Ҥ Ȃ

�̔ № ץ №ל ̆ Ḥ ̆ҹ

ᶫ ‗ ‗ Ȃ ⱬῚ ᴪ ᴇṿ̆ ȁ

Ҭ Ȃ

�̂ ̃̔ ľ Ŀ ̆ Ḡ ̕ԅ

̆ Ḥȁ Ῑ ̕ ӟ ̆

ל ̆ Ȃ

̂҈̃ ҙ ῏

ҙ ҙ

�
���� � � ̆ԅ Ғҙ

’̆ Ҋ ֜ Ȃ
��

�
���� � Ḥ ̆ ̆

̕
�

�

���� � Ḥ Ḥ ȁᴰ ȁ

̆ ̆ №ᾟץ̆

̕

�

�

����� � Ḥ ȁ ҍ Ҭ̆

ҍ ‗ ̆ ԑ Ҋᶏ ⇔ №

Ȃ

��

҈ȁ ῤ

ῤ

��� ���� ̕

��� └ ̆ ᵣ Ȃ

�

̆ ᶭ

ӥ

Ȃ

�̆�

��� *(2'$7$%$6(�

��� ȁ ȁ ̕

��� ȁ ȁ Ȃ

�

̆ ᶭ

ӥ

Ȃ

�̆�



568

ῤ

└ᵬץ

��� ῏ ̆ ȁ Ҭ

̆ ῏ ᵝ ̕

��� ‖ № ̆ ̆ ‖ ̕

��� № ̆└ᵬ Ȃ

�

̆ ᶭ

ӥ

Ȃ �̆�̆�

₃ᵥ

��� ⅞ Ἕ ̕

��� Ἕ

ἝȂ

�

̆ ᶭ

ӥ

Ȃ

�̆�

Ἕ ◄ ҍ

��� Ἕ ̕

��� Ἕ ◄̕

��� Ȃ

�

̆ ᶭ

ӥ

Ȃ

�̆�

Ἕ №

��� Ἕ № ̕

��� Ἕ ̕

��� Ἕ └ Ȃ

�

̆ ᶭ

ӥ

Ȃ

� �̆̆ �

╠ ᶏ

��� ᶏ ̕

��� ̕

��� ῃ ת ᶏ Ȃ

�

̆ ᶭ

ӥ

Ȃ

� �̆ �̆̆

�

ȁ

ҍ ᴇ

ᶛ

̂���̃ ᵬҙ̂���̃

� �� �� ��

� �� �� ��

� �� �� ��

� �� �� ��

� ̃ �� �� ���

Һ ֲ̔

ֲ̔[[[ [[[

̔[[[

̔[[[

̔[[[[ [[ [[



569

ᴆ̔ ҍ ᴇ ‰

1. ῤ № ‰

ῤ

№ ‰

������№ �����№ �����№ �����№ ���№

�

ᵬ ̕

ғ

‰ ̆

̆

Һꜚ ῤ

̆

Ȃ

ᵬ ̕

̆

̆

ῤ

Ȃ

ᵬ

̕

̆

̆

ῤ

Ȃ

ᵬ

̕

Ȃ

ᵬҌ ̕

Ȃ

�

̆└

̕

Ȃ

└

̕

Ȃ

└

̕

῏

Ȃ

└

̕

№

Ȃ

└

̕

Ҍ

Ȃ

�

̆

ҍ №

ȁ Ȃ

̆

Ȃ

Ȃ

̆

Ȃ

Ȃ

̆

Ȃ

Ȃ

Ҍ

Ȃ

�

֜

̆ғ

№ ץ

№ל Ȃ

֜

̆

№ ל

№ Ȃ

֜

̆

№ Ȃ

֜

Ȃ

Ҍ ֜

Ȃ



570

2. ᵬҙ ῤ № ‰

ῤ

№ ‰

������№ �����№ �����№ �����№ ���№

� ᵬҙ

̆

ғ№ ⌠

ᵝ̕ᵬҙ

̆ Һ

ꜚ ῤ

̆

Ȃ

̆

ғ№

⌠ᵝ̕ᵬ

ҙ

Ȃ

̕ᵬ

ҙ

Ȃ

̕ᵬҙ

Ȃ

Ҍ ᵬ̕

ҙ Ҍ

Ȃ

� ᵬҙ

̕

̕

̆

№ Ȃ

̕

̕

̆

№

Ȃ





572

̂҈̃ ҙ ῏

̂ ̔ ̆ ҙ ̆ ҙ

̃

ҙ ҙ

� ��� ̆ Ҭᵣ ⇔ Ȃ

� ��� ȁ ᵬȂ

� ����
֟ ῃ ȁῃ֜ ̆ ῒҬ

ҍ ‗ Ȃ

҈ȁ ῤ ȁ ҍ №

̂ ҉ ̃ ῤ ȁ ҍ №

ῤ ӟ

�
№ ̆ ᴆῤ ̆ ᴆ Ҭ

῏
� �ȁ�

� №
ᴆῤ ̆

№

ᴆ Ҭ №

῏
� �ȁ�

� ᵣ

№ ῤ ̆

ᵣ

ᴆ Ҭ ᵣ

῏ � �ȁ�

�

ᵣ ῤ

῀ ̆

ᴆ Ҭ

῏ � �ȁ�

� ᴆ

ᴆ ̆

ᴆ

ᴆ Ҭ ᴆ

῏ � �

�
ҍ№ ҍ№ ̆ ῀

ԅ ᴆ ᵣ
� �ȁ�

ȁ ҍ ᴇ

̂ѿ̃

ᵬҙ Ȃ

̂ԋ̃



573

1.

̂�̃ №ҹ ���№̆ ���

̂�̃ Ȃ

ῤ

̂�̃ ̔ ᵬҙ̆ ���№̆ ���Ȃ

̂�̃ ᶭ ̔ № ‰ Ȃ

̂�̃ ῤ ̔ Ȃ

2. ҍ ᴇ

ᶛ̂ ���� ῤ ���

̂���ῤ

�̂��

» ���Ã鐀

�鐀³鐀

7é�3鐀

7�鐀�3鐀ᴗ»ɑ3鐀���鐀ĳ ᢔ ẔȂ №̆ Ḟ̆ ᶿ̆ ʸ̆ ᵬ ű

̔

̔

ű ֺ

̔ ֺ�5�鐀 Ã鐀 ��



574

ᴆ̔ ҍ ᴇ ‰

�� № ‰

ᴇ ‰

ᴨ Ҍ

�

ӟ Һꜚ̆

ӟ̕ ̆

̆

Ȃ

ҍᶏ ΐ̆

ᴆ № ȁ

Ȃ

ӟ ̆ ץ

ӟ̕ ̆

ҹ ̆

Ȃ

ҍᶏ ΐ̆

ᴆ № ȁ

Ȃ

ӟҌ ᾟ№̆

Һꜚ ̆

ѿ

Ȃ ҍᶏ

ΐ̆

ᴆ № ȁ

Ȃ

Ҍ Ạ⌠ ӟ̆

Ҍ ȂҌ

ҍᶏ

ΐ̆ ᴆ

№

ȁ Ȃ

�

ӟ Һꜚ̆

ӟ̕ ̆

̆

Ȃ ῀

ᴆ ҬҌ

ҍᴋⱵ

ᵬȂ

ӟ ̆ ץ

ӟ̕ ̆

ҹ ̆

Ȃ

ᴆ ҬҌ

ҍᴋⱵ

ᵬȂ

ӟҌ ᾟ№̆

Һꜚ ̆

ѿ

Ȃ ᴆ

ҬҌ

ҍᴋⱵ

ᵬȂ

Ҍ Ạ⌠ ӟ̆

Ҍ ȂҌ

ᴆ Ҭ

Ҍ ҍᴋ

Ⱶ

ᵬȂ

�

ӟ Һꜚ̆

ӟ̕ ̆

̆

Ȃ

ᴆ Ȃ

ӟ ̆ ץ

ӟ̕ ̆

ҹ ̆

Ȃ

ᴆ

Ȃ

ӟҌ ᾟ№̆

Һꜚ ̆

ѿ

Ȃ

ᴆ Ȃ

Ҍ Ạ⌠ ӟ̆

Ҍ ȂҌ

ᴆ

Ȃ

�� ῤ № ‰

ᴇ ‰

ᴨ Ҍ

�

֜ ᾟ̆№

̆ ᾟ

№ҍ

№ Ȃ

֜ ̆

̆

ҍ

№ Ȃ

֜ ̆ ҍ

№ Ȃ

֜

̕ № ҍ

ԑ Ȃ

�

֜ ̆

ҍ№ ȁ ̕

̆ ̆

Ȃ

֜ ̆

ҍ№ ̕

̆ ̆

Ȃ

֜ ̆

ҍ№ ̕

̆ ̆

Ȃ

֜

̕ ҍ

№ Ҍ ̕

Ҍ Ȃ

�

֜ ̆

ҍ№ ȁ ̕

̆ ̆

Ȃ

֜ ̆

ҍ№ ̕

̆ ̆

Ȃ

֜ ̆

ҍ№ ̕

̆ ̆

Ȃ

֜

̕ ҍ

№ Ҍ ̕

Ҍ Ȃ



575

4.28 5208564ȇ ᴆ Ȉ

ѿȁ Ḥ

Ҭ ̔ ᴆ

̔6RIWZDUH (QJLQHHULQJ &XUULFXOXP 'HVLJQ

������� № �

̔��
҉

� �� � �

Ḥ �

ֲ Ԑ Ғҙ ҍ

ᾢḱ , ȁ ,,ȁ-$9$ ȁ
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4.30 5208567ȇ ᴆ ҍ⇔ Ȉ

ѿȁ Ḥ

Ҭ ̔ ᴆ ҍ⇔

̔3UDFWLFDO &RXUVH RI 6RIWZDUH 'HYHORSPHQW 	 ,QQRYDWLRQ

������� № �

̔��
҉

��

Ḥ �

ֲ Ғҙ ᴆ

ᾢḱ

ԋ ԋ ̆ ╠ ȁ ȁ-DYD

̆Ӟ ᴆ ȁҒҙ ȁ ҙ

ⱴ⇔ ⇔ҙ Ȃ

ԋȁ Coursê׃ Descriptioñ

̂ѿ̃ ’

ȇ ᴆ ҍ⇔ Ȉ ᴆ Ғҙ ӟ ѿ ̆ Ῑ

ᴆ ȁ⇔ ⇔ҙ ⇔ ⱬȂ ץ ᴆ ῃ

ҹ ̆ ⇔ ⇔ҙ ̆ ᵥ ᴆ ҙҬ ₮⇔ ץ

ῒ Ȃ ᵬ̆ ץ ᵬ ῃ

̆ ῒ ‗ ⱬȂ ӟ̆ ᶛԅ

ᴆ ҹ ӟ ᴆ Ғҙ ⱴ⇔ ⇔ҙ Ȃ

3UDFWLFDO &RXUVH RI 6RIWZDUH 'HYHORSPHQW DQG ,QQRYDWLRQ LV D EDVLF SUDFWLFDO FRXUVH IRU

XQGHUJUDGXDWHV PDMRULQJ LQ VRIWZDUH HQJLQHHULQJ� ,W DLPV WR FXOWLYDWH VWXGHQWV
 WKLQNLQJ RI

VRIWZDUH HQJLQHHULQJ DQG WKHLU FRQVFLRXVQHVV RI LQQRYDWLRQ DQG HQWUHSUHQHXUVKLS� DQG GLVFLSOLQH

LQQRYDWLRQ DQG SUDFWLFDO DELOLW\� 7KLV FRXUVH IRFXVHV RQ WKH NQRZOHGJH RI WKH ZKROH SURFHVV RI

VRIWZDUH HQJLQHHULQJ DQG FRPELQHV ZLWK WKH WKHRUHWLFDO NQRZOHGJH RI LQQRYDWLRQ DQG

HQWUHSUHQHXUVKLS� VR WKDW VWXGHQWV FDQ PDVWHU KRZ WR H[FDYDWH LQQRYDWLYH SURMHFWV LQ WKH VRIWZDUH

LQGXVWU\ DQG UHDOL]H WKHP LQ WKH IRUP RI WHDP� 7KLV FRXUVH IRFXVHV RQ WHDPZRUN� 7KURXJK

V\VWHPDWLF SURFHVV� VWXGHQWV FDQ PDVWHU WKH ZKROH SURFHVV RI WHDP ZRUN WR FRPSOHWH WKH SURMHFW�

DQG LPSURYH WKHLU DELOLW\ WR VHOI�VWXG\ DQG UHYLHZ OLWHUDWXUH WR VROYH SUREOHPV� 7KURXJK WKH VWXG\

RI WKLV FRXUVH� VWXGHQWV FDQ XQGHUVWDQG WKH SURFHVV RI VRIWZDUH HQJLQHHULQJ WKURXJK SURMHFW FDVHV

DQG OD\ D IRXQGDWLRQ IRU OHDUQLQJ WKH FRUH FRXUVHV RI VRIWZDUH HQJLQHHULQJ VSHFLDOW\ DQG

SDUWLFLSDWLQJ LQ WKH LQQRYDWLRQ DQG HQWUHSUHQHXUVKLS FRQWHVW�



587

̂ԋ̃

�̔ ᴆ Ғҙ ‗ ᴆ

ᴆ Ȃ

�̔ ԍ № ̆

₮⇔ ̆ ῃ ̆ ȁ№ ҍ ̆

ӥ ֜ Ȃ

�̔ ҍᶏ Ḥ ȁ ΐȁҒҙ ᴆ̆

№ ȁ ҍ Ȃ

�̔ ԍ ₀ ΐ ⇔ ᴆ ̆ № �

ץ ҹ ᵝ ᴆ Ȃ

�̂ ̃̔ ΐ ᴆ ῏ ҙ ῤ ̆ Ὲ ȁ

Ḥ ↕ ҙ ̆ Ҭ ̕ΐ ⇔ ȁ⇔ ̆ ⇔

Ҭ ῀ ȁ ᴪ ᴋ Ȃ

̂҈̃ ҙ ῏

̂ ̔ ̆ ҙ ̆ ҙ

̃

ҙ ҙ

�
��� ᴆ Ғҙ ̆ΐ ‗ ᴆ

ᴆ ⱬȂ
��

�
��� ̆ ῃ ̆

Ȃ
��

�
��� ҍᶏ ת ȁḤ ȁ ΐ Ғҙ ᴆ̆

№ ȁ ҍ Ȃ
�� ᶏ ף ΐ

� ��� Ҭ ᵬ ᵬȂ �� ҩֲ

҈ȁ ῤ ȁ ҍ №

̂ ҉ ̃ ῤ ȁ ҍ №

ῤ ӟ

�
ԑ � №

ԑ �

̆ ҍ№ ᴆ ῏

ᵬ Ȃ

῀ ̔

ᴪ ⇔

ΐ ⇔ ȁ⇔

̆῏ ᴆ ҙ

⇔ ̆

ҙ ל

Ȃ

�
�

�

�
ꜚ⇔

№

ꜚ⇔

̆ ҍ№ ᴆ ῏

ᵬ Ȃ

�
�

�



588

ῤ ӟ

�
ֲ

ꜚ №

ֲ ꜚ

̆ ҍ№ ᴆ

῏ ᵬ Ȃ

�
�

�

�
⇔

№

⇔

̆ ҍ№ ᴆ

῏ ᵬ Ȃ

῀ ̔

≠ №

⇔ Ҭ ῀

ȁ ᴪ ᴋ Ȃ �
�

�

�

ΐ ⇔ ᴆ ̆

̆ Ȃ

῀ ̔

ȁ Ԋ ̕

⇔ ҍ

ΐ ᴆ ῏

ҙ ῤ ̆

Ὲ ȁ Ḥ ↕ȁ

ҙ

Ȃ

�

�

�

�

�
̆

̆ Ȃ
�

�

�

� №
̆ԅ ̆

№ Ȃ
�

�

�

�
ḱ

№ ̆

̆

№ Ȃ

�
�

�

�
̆ ᴆ

Ȃ
�

�

�

��
ḱ

ᴆ

̆ ̆

ᴆ Ȃ

�
�

�

��

ⱳ

ף ∆

№ ∆ ף Ώ

ᵬȂ
�

�

�

�

�� ⴞ 䱦⇥ㆄ䗙

ḱ

ᴆ ̆

̆ ⱪףȂ�

�

�
��

ⱳ

ⱳ№Ȃ ��
�

��

ḱ

ᴆ ̆Ȃ̆
�

�

�

��

ҍ

Ώ̆

ᵬ Ώ

Ȃ

�

�

�

�

��

ᵬ Ȃ

�
�

�



589

ȁ ҍ ᴇ

̂ѿ̃

ҩֲᵬҙȁ ᵬҙȁ ȁ ȁ ȁ Ȃ

ѿ Ȃ

̂ԋ̃

Һ ӟ ȁ ȁᵬҙȁ ȁ ȁ

’ Ȃ ���̆ ���Ȃ
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̂�̃ №ҹ ���№̆ ���

̂�̃ ̆ ҩֲᵬҙȁ ᵬҙȁ ȁ

№ ̆ № № ‰ ’‗ Ȃ

̂�̃ ̔ � ̆ ���№̆

���Ȃ
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̂�̃ ῤ ̔ Ȃ
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4.31 46040013ȇ ҍ Ȉ

ѿȁ Ḥ

Ҭ ̔ ҍ

̔&XUULFXOXP 'HVLJQ RI 0LFURFRPSXWHU 3ULQFLSOH 	 ,QWHUIDFH 7HFKQRORJ\

�������� № �

̔��
҉
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Ḥ �

ֲ – Ғҙ ҍ

ᾢḱ

ԋȁ Coursê׃ Descriptioñ
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ҍ Ȃ ҍ

ῒ Ҭ ̆Һ ̔Ҭ ȁҺ Ữ ȁ

ҍ Ȃ ӟ̆ ᴪ ҍ Ҭ ΐᵣ ̆

Ῑ ̆ ⱬȂ

7KLV FRXUVH LV D VXSSRUWLQJ FRXUVH RI 0LFURFRPSXWHU 3ULQFLSOH DQG ,QWHUIDFH 7HFKQRORJ\�

7KLV FRXUVH V\VWHPDWLFDOO\ SUDFWLFHV EDVLF PLFURFRPSXWHU SULQFLSOHV DQG LQWHUIDFH WHFKQRORJLHV

DQG WKHLU DSSOLFDWLRQV LQ SUDFWLFDO SUREOHPV� 7KH PDLQ GHVLJQ WHFKQRORJLHV LQFOXGH� WKH SULQFLSOHV

DQG SURJUDPPLQJ RI FHQWUDO SURFHVVRU� PDLQ PHPRU\� DQG H[WHUQDO GHYLFHV� 7KURXJK WKH VWXG\ RI

WKH FRXUVH� VWXGHQWV FDQ OHDUQ WR XQGHUVWDQG WKH VSHFLILF SUREOHPV LQYROYHG LQ PLFURFRPSXWHU

SULQFLSOHV DQG LQWHUIDFH WHFKQRORJ\� FXOWLYDWH VWXGHQWV
 FRPSXWLQJ WKLQNLQJ� DQG LPSURYH VWXGHQWV


V\VWHP OHYHO SURJUDPPLQJ DELOLW\�
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SXUSRVH RI WKH FRXUVH LV WR YHULI\ UHOHYDQW NQRZOHGJH DQG SULQFLSOHV WKURXJK H[SHULPHQWV� LPSURYH

KDQGV�RQ DELOLW\� FRQVROLGDWH OHDUQLQJ DFKLHYHPHQWV� DQG LPSURYH WKH DELOLW\ WR DQDO\]H DQG VROYH

SUREOHPV� 7KH FRXUVH UHTXLUHV VWXGHQWV WR EH DEOH WR FRQVXOW WKH OLWHUDWXUH� ILQG D YDULHW\ RI

VROXWLRQV DQG FKRRVH VSHFLILF VROXWLRQV WR DFKLHYH� UHTXLUHV VWXGHQWV WR EH DEOH WR FKRRVH

DSSURSULDWH WRROV WR DQDO\]H� GHVLJQ DQG FDOFXODWH HQJLQHHULQJ SUREOHPV�
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&XUULFXOXP 'HVLJQ RI $OJRULWKP'HVLJQ DQG $QDO\VLVLV WKH SUDFWLFDO FRXUVH IRU $OJRULWKP

'HVLJQ DQG $QDO\VLV� 7KH FRXUVH KHOSV WR SUDFWLFH WKH EDVLF DOJRULWKP GHVLJQ DQG DQDO\VLV

WHFKQLTXHV DQG WKHLU DSSOLFDWLRQV LQ FODVVLFDO SUREOHPV� 7KH PDLQ DOJRULWKP GHVLJQ WHFKQLTXHV

LQFOXGH EUXWH IRUFH PHWKRG� GLYLGH DQG FRQTXHU PHWKRG� VKHDU DQG FRQTXHU PHWKRG� JUHHG\

PHWKRG� G\QDPLF SURJUDPPLQJ PHWKRG� GHSWK ILUVW VHDUFK� EUHDGWK ILUVW VHDUFK� DSSUR[LPDWH

DOJRULWKP DQG SUREDELOLW\ DOJRULWKP� 7KURXJK WKH VWXG\ RI WKH FRXUVH� VWXGHQWV OHDUQ WR XQGHUVWDQG

DOJRULWKPV� GHVLJQ DOJRULWKPV WR VROYH VSHFLILF SUREOHPV� DQDO\]H WKH WLPH FRPSOH[LW\ DQG VSDFH

FRPSOH[LW\ RI DOJRULWKPV� FXOWLYDWH VWXGHQWV
 FRPSXWDWLRQDO WKLQNLQJ� DQG LPSURYH VWXGHQWV
 DELOLW\

RI DOJRULWKP GHVLJQ DQG DQDO\VLV�
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6FLHQFH DQG 7HFKQRORJ\ DQG UHODWHG PDMRUV� %DVHG RQ REMHFW�RULHQWHG SURJUDPPLQJ� WKH FRXUVH

UHYLHZV WKH SUHUHTXLVLWH 3\WKRQ ODQJXDJH� LQWURGXFHV SRSXODU GHYHORSPHQW OLEUDULHV LQ WKH ILHOG RI

DUWLILFLDO LQWHOOLJHQFH� DQG GHVLJQV DQG FDUULHV RXW WKH FODVVLFDO DOJRULWKPV RU PRGHOV LQ WKLV ILHOG WR

GHHSHQ WKH XQGHUVWDQGLQJ RI WKH EDVLF FRQFHSWV DQG SULQFLSOHV RI DUWLILFLDO LQWHOOLJHQFH� ,W DOVR

LQWURGXFHV WKH VROXWLRQV DQG WHFKQLFDO SDWKV RI DSSOLFDWLRQ DUHDV VXFK DV FRPSXWHU YLVLRQ DQG

QDWXUDO ODQJXDJH SURFHVVLQJ� VR WKDW VWXGHQWV FDQ KDYH DQ LQ�GHSWK XQGHUVWDQGLQJ RI WKH SUDFWLFDO

ZD\ RI DSSOLFDWLRQ LQ WKLV ILHOG�
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̔ 3UDFWLFDO &RXUVH RI 6RIWZDUH 3URMHFW 0DQDJHPHQW
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҈ ԋ ̆╠ ᴆ ȁ ᴆ ҍ⇔ ȁ

ᴆ ȁ ᴆ № ҍ ȁ ᴆ ҍ Ḡ ̆ Ғҙ

ȁ ӟȁ ҙ Ȃ

ԋȁ Coursê׃ Descriptioñ
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ȇ ᴆ Ȉ ѿ ᴆ Ғҙ ḱ Ȃ

ᶛ ̆ ᴆ ᴆ SURMHFW ᶏ Ȃ ᴆ ᶛ

ꜚҊ̆ᶏ SURMHFW ᴆ ᴆ ȁ ȁ ȁֲⱬ ȁ

Ȃ ᴆ ᴋⱵ ̆ ᴋ

ᶛ SURMHFW Ώ ᴆ Ȃ

3UDFWLFDO &RXUVH RI 6RIWZDUH 3URMHFW 0DQDJHPHQW LV D UHTXLUHG SUDFWLFDO FRXUVH IRU VHQLRU

XQGHUJUDGXDWHV RI 6RIWZDUH (QJLQHHULQJ� 7KH FRXUVH HQDEOHV VWXGHQWV WR PDVWHU WKH XVH RI

VRIWZDUH SURMHFW PDQDJHPHQW VRIWZDUH�project WKURXJK WKH WHDFKLQJ PHWKRG RI UXQQLQJ WKURXJK

FDVHV� 'ULYHQ E\ VRIWZDUH SURMHFW FDVHV� WKH VRIWZDUH RI project LV XVHG WR FRPSOHWH WKH VFRSH

PDQDJHPHQW� WLPH PDQDJHPHQW� FRVW PDQDJHPHQW� KXPDQ UHVRXUFH PDQDJHPHQW� FRPPXQLFDWLRQ

PDQDJHPHQW DQG PXOWLSOH SURMHFW PDQDJHPHQW RI VRIWZDUH SURMHFWV� ,Q DGGLWLRQ WR WKH VRIWZDUH

SURMHFW PDQDJHPHQW WDVNV WKDW QHHG WR EH FRPSOHWHG LQ HDFK FRXUVH� VWXGHQWV QHHG WR FRPSOHWH WKH

PDQDJHPHQW SURFHVV RI RSWLRQDO SURMHFW FDVHV E\ project VRIWZDUH DQG ZULWH VRIWZDUH SURMHFW

PDQDJHPHQW UHSRUWV�
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�̔ΐ Ҭ ҍ ‗ ̆ ᴆ ԓҩ

ΐ ∞ ̕
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̂ѿ̃ ’

ȇ ᴆ ҍ Ḡ Ȉ ҹ ᴆ Ғҙ ḱ Ȃ

ԍ Ῑ ᴆ Ḡ ҍ ȁ ȁ ῒ ΐ̆

Ḡ ΐ̆ ⱬ̆ ꜚ ⱬ ⇔ ⱬ̆

∆ ΐ ꜚ ῏ Ⱶ ⱬ̆ ԍ ̆

ᴋⱵ № ȁ ҹ̆ Ԋ׆ ᴆ ῏ ᵬ Ҋ

Ȃ

ȇ3UDFWLFDO &RXUVH RI 6RIWZDUH 7HVWLQJ DQG 4XDOLW\ $VVXUDQFHȈLV D UHTXLUHG SUDFWLFDO FRXUVH

IRU VHQLRU XQGHUJUDGXDWHV RI 6RIWZDUH (QJLQHHULQJ� 7KH SXUSRVH RI WKH FRXUVH LV WR WUDLQ VWXGHQWV

WR PDVWHU WKH EDVLF FRQFHSWV� WKHRULHV� PHWKRGV� WHFKQRORJLHV DQG WRROV RI VRIWZDUH TXDOLW\
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4.39 52040104ȇ ᴆ № Ȉ

ѿȁ Ḥ

Ҭ ̔ ᴆ №

̔3UDFWLFDO &RXUVH RI 6RIWZDUH 5HTXLUHPHQWV $QDO\VLV

�������� № �

̔��
҉

��

Ḥ �

ֲ Ғҙ
Ḥ ҍ ȁ ҍ

ᾢḱ

ԋȁ Coursê׃ Descriptioñ

̂ѿ̃ ’

ȇ ᴆ № Ȉ ᴆ ῏Ғҙ ᴆ №

Ȃ ᴆ № ꜚȁ ȁ ꜚ ̆Һ ῤ

ᴆ ȁ ᴆ ╠ ҍ ȁ ҍ№ ȁ ᴆ Ώȁ

Ȃ ӟ Ῑ ȁ ΐ ‗ ᴆ

ⱬ̆ץ Ḥ ҍ ⱬ̆ ҹ ᴆ ᵬ Ȃ

3UDFWLFDO &RXUVH RI 6RIWZDUH 5HTXLUHPHQWV $QDO\VLV LV D VXSSRUWLQJ SUDFWLFDO FRXUVH IRU WKH

6RIWZDUH 5HTXLUHPHQWV $QDO\VLV� D IXQGDPHQWDO FRXUVH RI WKH 0DMRU RI 6RIWZDUH (QJLQHHULQJ�

7KLV FRXUVH IRFXVHV RQ WKH DFWLYLWLHV RI VWDUWLQJ� GHYHORSLQJ DQG ILQDOL]LQJ WKH VRIWZDUH

UHTXLUHPHQWV DQDO\VLV� 7KH PDLQ FRQWHQWV LQFOXGH VRIWZDUH UHTXLUHPHQWV DFTXLVLWLRQ� VRIWZDUH

SURMHFW SURVSHFW DQG VFRSH GHWHUPLQDWLRQ� VRIWZDUH UHTXLUHPHQWV PRGHOLQJ DQG DQDO\VLV� VRIWZDUH

UHTXLUHPHQWV VSHFLILFDWLRQ ZULWLQJ� UHTXLUHPHQWV UHYLHZ DQG VR RQ� 7KURXJK WKH VWXG\ RI WKLV

FRXUVH� VWXGHQWV DUH WUDLQHG WR XVH EDVLF SULQFLSOHV� PHWKRGV DQG WRROV WR VROYH FRPSOH[ VRIWZDUH

HQJLQHHULQJ SUREOHPV� DV ZHOO DV WKH DELOLW\ WR V\QWKHVL]H LQIRUPDWLRQ DQG FRUUHFWO\ H[SUHVV

FRQFOXVLRQV� DQG OD\ D JRRG IRXQGDWLRQ IRU VRIWZDUH GHYHORSPHQW ZRUN�
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ҹ ȁ Ȃ ҈ ѿ῍

��ҩ ῖ ᶛȂ ᶛ ȁ ̆ ᶏ

ᴆᵣ ̆ ῖ ̆ ᴪ ᵥ№ ‗ ̆

ᴆ ҍ № ⱬ ⱬȂ

7KLV FRXUVH LV D SURIHVVLRQDO H[SHULPHQWDO FRXUVH IRU VRIWZDUH HQJLQHHULQJ� FRPSXWHU VFLHQFH

DQG WHFKQRORJ\ DQG RWKHU UHODWHG PDMRUV� 7KH PDLQ FRQWHQW LQFOXGHV WZR SDUWV� 7KH ILUVW SDUW LV

VRIWZDUH DUFKLWHFWXUH� ZKLFK EULHIO\ LQWURGXFHV VRIWZDUH DUFKLWHFWXUH PRGHOLQJ 80/�

REMHFW�RULHQWHG GHVLJQ SULQFLSOHV� HWF� DV WKH EDVLV IRU VXEVHTXHQW GHVLJQ SDWWHUQ OHDUQLQJ� 7KH

VHFRQG SDUW LV DERXW WKUHH NLQGV RI FRPPRQ GHVLJQ SDWWHUQV� IRFXVLQJ RQ WKH VWUXFWXUDO

FKDUDFWHULVWLFV� SURJUDPPLQJ LGHDV DQG LPSOHPHQWDWLRQ PHWKRGV RI FUHDWLYH GHVLJQ SDWWHUQV�

VWUXFWXUDO GHVLJQ SDWWHUQV DQG EHKDYLRUDO GHVLJQ SDWWHUQV� 7KHVH WKUHH W\SHV RI GHVLJQ SDWWHUQV

FRQWDLQ �� FODVVLF SDWWHUQ FDVHV� 7KLV FRXUVH DGRSWV FDVH�EDVHG� GLVFXVVLRQ�EDVHG DQG

PL[HG�WHDFKLQJ PHWKRGV� DLPLQJ WR HQDEOH VWXGHQWV WR XQGHUVWDQG FRPPRQ VRIWZDUH DUFKLWHFWXUH�

PDVWHU FODVVLF GHVLJQ SDWWHUQV� OHDUQ KRZ WR DQDO\]H DQG VROYH SUDFWLFDO DSSOLFDWLRQ SUREOHPV� DQG

LPSURYH VWXGHQWV
 DQDO\WLFDO DQG SUDFWLFDO DELOLWLHV LQ VRIWZDUH GHVLJQ DQG GHYHORSPHQW�
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,QIRUPDWLRQ 6FLHQFH� DQG LV DQ LPSRUWDQW EDVLF FRXUVH IRU PDVWHULQJ GDWD DQDO\VLV DELOLW\� 7KLV

FRXUVH ILUVW WHDFKHV WKH EDVLF NQRZOHGJH FRQFHSWV RI GDWD PLQLQJ� WKH PHDQV RI GDWD DQDO\VLV DQG

SUHSURFHVVLQJ� DQG WKHQ LQWURGXFHV WKH EDVLF NQRZOHGJH� QHFHVVDU\ WKHRUHWLFDO EDVLV DQG VRPH

FODVVLF GDWD PLQLQJ DOJRULWKPV RI GDWD ZDUHKRXVLQJ� PLQLQJ FRUUHODWLRQ DQDO\VLV� FODVVLILFDWLRQ DQG

FOXVWHULQJ IURP WKH SHUVSHFWLYH RI GDWD DQDO\VLV PHWKRGV�

7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ V\VWHPDWLFDOO\ REWDLQ WKH EDVLF FRQFHSWV DQG

WKHRUHWLFDO WHFKQLTXHV RI GDWD PLQLQJ� PDVWHU GDWD PLQLQJ DOJRULWKPV VXFK DV FRUUHODWLRQ UXOH

DQDO\VLV� FODVVLILFDWLRQ DQG FOXVWHULQJ� VR WKDW VWXGHQWV FDQ OHDUQ WR XVH GDWD SUHSURFHVVLQJ DQG GDWD

PLQLQJ WHFKQLTXHV WR DQDO\]H DQG VROYH WKH SUREOHPV RI GDWD SURFHVVLQJ DQG NQRZOHGJH
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Ȃ

̆

ᴆ

֟

ῃ ȁῃ

�

ץ

‗

̆

₮ Ȃ

̆

ῃ ȁῃ

�

Ȃ

‗

̆

Ҋ ₮

Ȃ

Ҍ

̆

ῃ ȁ

ῃ �

Ȃ

Ҍ

‗

̆

̆

Ҍ

̆

ῃ ȁῃ

�

Ȃ

�

ῃ ᴆ

Ὲᴧ

ῃȁᴶ ȁẫ

ץ̆

Ḡ ᴪ

ᴋ ⱬ̆

Ҭ

ᴋȂ

ᴆ

Ὲ

ᴧ ῃȁᴶ

ȁẫ

ץ̆

Ḡ ᴪ

ᴋ ⱬ̆

Ҭ

ᴋȂ

ץ ᴆ

Ὲ

ᴧ ῃȁᴶ

ȁẫ

ץ̆

Ḡ ᴪ

ᴋ ⱬ̆

Ҭ

ᴋȂ

№ ᴆ

Ὲ

ᴧ ῃȁᴶ

ȁẫ

ץ̆

Ḡ ᴪ

ᴋ ⱬȂ

ᴆ

Ὲᴧ

ῃȁᴶ ȁ

ẫ ̆

ץ Ḡ

ᴪ ᴋ

ⱬҌ ̆Ҍ

Ҭ

ᴋȂ

�

ץ ȁ ȁ

̆‰

ȁ ≠

̆

̆№

ҍҙ

ᴪῈᴧ֜

Ȃ

ץ ȁ

ȁ

̆ ≠

̆

̆№

ҍҙ

ᴪῈ

ᴧ֜

Ȃ

ץ ȁ

ȁ

̆ ≠

̆ ̆

№ ҍҙ

ᴪ

Ὲᴧ֜

Ȃ

ץ ȁ

ȁ

̆

̆

̆№

ҍҙ

ᴪῈᴧ֜

Ȃ

Ҍ ץ ȁ

ȁ

̆

̆

̆№

ҍҙ

ᴪῈᴧ

֜

Ȃ
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4.47 55099004ȇ ҙ ̂ Ȉ̃

ѿȁ Ḥ

Ҭ ̔ ҙ � �

̔7KH JUDGXDWLRQ 'HVLJQ DQG 7KHVLV

�������� № �� ̂ ̃ ��

Ḥ ���

Ғҙ ҍ ֲ ֹ

ԋȁ ׃

̂ѿ̃ ’

ҙ ѿ Ғҙ ̆ ȁҒҙ

№ ‗ ⱬ Ӟ̆ Ғҙᾢḱ ӟ

Ȃ ҙ Ҭ̆ Ῑ ΐ Ῑ̆

ῒᾟ№ ̆ ≠ ̆ ȁ № ȁ ҍ ‗

ⱬȂ

ҙ Ҭ̆ ȁ ῀№ ȁ

ȁ ‗ ȁ

̆ ̆ Ῑ Ҭ ᵣȁ

̆ ᴪ ᴋҹ ᴋ̆ ̆ Ҭ

ҙ‰↕ ᴪ Ȃ

*UDGXDWLRQ 'HVLJQ LV D SURIHVVLRQDO SUDFWLFH FRXUVH� 7KH SXUSRVH RI VHWWLQJ WKLV FRXUVH LV WR

VWUHQJWKHQ WKH VWXGHQWV
 SUDFWLFDO DELOLW\ WR FRPSUHKHQVLYHO\ XVH PDWKHPDWLFDO NQRZOHGJH�

SURIHVVLRQDO WHFKQRORJ\ DQDO\VLV DQG VROYH FRPSOH[ HQJLQHHULQJ SUREOHPV� DQG LW LV DOVR DQ

LPSRUWDQW OLQN WR GHHSHQ DQG WHVW WKH VWXGHQWV
 OHDUQLQJ DFKLHYHPHQWV LQ WKH DGYDQFHG WHDFKLQJ OLQN

RI WKLV PDMRU� ,Q WKH JUDGXDWLRQ GHVLJQ OLQN� VWXGHQWV VKRXOG EH WUDLQHG WR KDYH WKH EDVLF OLWHUDF\

ZKHQ IDFLQJ SUDFWLFDO SUREOHPV� HVSHFLDOO\ WKH FRPSUHKHQVLYH DELOLW\ WR IXOO\ WDS WKH NQRZOHGJH

OHDUQHG� PDNH UDWLRQDO XVH RI UHVRXUFHV� DQG DQDO\]H� ZHLJK DQG VROYH SUREOHPV IURP PXOWLSOH

SHUVSHFWLYHV DQG DW PXOWLSOH OHYHOV�

,Q WKH JUDGXDWLRQ GHVLJQ� VWXGHQWV DUH WUDLQHG WR WKLQN DERXW ELJ GDWD� GHHSO\ DQDO\]H ELJ GDWD

HQJLQHHULQJ SUREOHPV� UHDVRQDEO\ FKRRVH WHFKQLFDO URXWHV� FDUHIXOO\ GHVLJQ ELJ GDWD DSSOLFDWLRQ

VROXWLRQV WKDW PHHW WKH QHHGV RI WKH SURMHFW� DQG FRPSUHKHQVLYHO\ XVH ELJ GDWD WHFKQRORJ\ WR

DFKLHYH WKH EDVLF PHWKRGV DQG TXDOLW\ RI ELJ GDWD DSSOLFDWLRQ V\VWHP GHYHORSPHQW� $W WKH VDPH

WLPH� VWXGHQWV DUH WUDLQHG WR KDYH D VHQVH RI XQGHUVWDQGLQJ WKH ELJ GDWD SURMHFW DQG WKH RYHUDOO

VLWXDWLRQ� DQG FDQ WDNH VRFLDO UHVSRQVLELOLW\ DV WKHLU RZQ UHVSRQVLELOLW\� $GKHUH WR WKH FRQFHSW RI
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HQYLURQPHQW DQG VXVWDLQDEOH GHYHORSPHQW� XQGHUVWDQG DQG DELGH E\ WKH SURIHVVLRQDO QRUPV DQG

VRFLDO HWKLFV LQ ELJ GDWD SURMHFWV�
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ԓȁ ҙ ̂ ̃

ҙ ̂ ̃ ₮̆ Ғҙ ᴪ ȁ ̆ ̆

Ғҙ ╠ Ҋ̆ ꞉ ⌠ᴑҙ ҙ ̆ ꞉ ᴑ Ȃ

ҙ ̂ ̃ ↕

̂�̃ Ғҙ Ῑ ̆ ѿ ̆ Ғҙ

Һ ῤ ̆ᶏ ⌠ ῃ ̕

̂�̃ ԍ ֟ȁ ̆ ᴇṿ̕

̂�̃ ̆ ꞉ ȁ ֟ ̆

↕̆ᶏ ⇔ ⱬ №ᾟץ ̕

̂�̃ ᵬ Ғҙ Ῑ ̆ ΐ ᴆ̆

ᶏ ꜜⱬ ῤ ᴋⱵ̕

̂�̃ ҙ ֲѿ Ȃ

Һ ֲ̔ ֹ

ֲ̔ ȁ

̔

◐ ̔

̔���� � ��
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ᴆ̔ ҍ ᴇ ‰

1.Ҭ № ‰

̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

‗ ̆ ₮ Ȃ ץ ‗ ̆ ₮
‗ ̆ Ҋ ₮

Ȃ

Ҭ̆Һꜚ ҍ ᴇṿ ҍ ̆

№ Ȃ

Ҭ̆ ᴇṿ ҍ ̆ ѿ

№ Ȃ

Ҭ̆ № ᴇṿ ̆ Ҋ

№ Ȃ

ץ ȁ ȁ ̆ ≠ ̆ ̆№

ҍҙ ᴪῈᴧ֜ Ȃ

ץ ȁ ȁ ̆ ≠ ̆ ̆№

ҍҙ ᴪῈᴧ֜ Ȃ

ץ ȁ ȁ ̆ ̆ ̆№ ҍ

ҙ ᴪῈᴧ֜ Ȃ

ᴋⱵ̆ ̆Ҥ Ȃ ᴋⱵ̆ Ȃ ץ ᴋⱵ̆ ץ Ȃ

2. ҍ ᴇ ‰

ᴨ

̂№ ���№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�

̂

�

�

�

�

̃

ҙ ̂

̃ ȁᴋⱵ

̆ ȁ

ῃ ȁ

ῤ ȁ

℮ȁҒ≠ Ȃ

ҙ ̂

̃ ȁᴋⱵ

̆

ȁ ῤ

ȁ ℮ȁҒ

≠ Ȃ

ҙ

̂ ̃ ȁ

ᴋⱵ ̆

ȁ

ῤ ȁ

℮ȁҒ≠

Ȃ

ҙ ̂

̃ ȁᴋⱵ

̆ №

ȁ ῤ

ȁ ℮ȁҒ

≠ Ȃ

ҙ ̂

̃ ȁᴋⱵ

̆ Ҍ

ȁ ῤ

ȁ ℮ȁ

Ғ≠ Ȃ
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3. ᴇ ‰

ᴨ

̂№ ���№̃ ̂��Ů№ ̖��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�

̂���̃

Ғҙ ̆

ᴆ ᶛ

ῃ № ̕

ľ � Ŀ

₮ ᶛ Ҭ

Ȃ

Ғҙ ̆

ᴆ

ᶛ ῃ №

̕

₮ ᶛ Ҭ

Ȃ

Ғҙ

̆ ᴆ

ᶛ

№ ᵬ̕

₮ ᶛ

Ҭ

Ȃ

Ғҙ

̆ ᴆ

ᶛ №

№ ̕

₮ ᶛ

Ҭ Ȃ

Ҍ

Ғҙ

̆

ᴆ

ᶛ №

̕Ҍ

₮ ᶛ Ҭ

Ȃ

�

̂���̃

̆

ᴆ

֟ ῃ ȁῃ

�

Ȃ

̆

ᴆ ֟

ῃ ȁῃ

�

̆

ῃ ȁῃ

�

Ȃ

Ҍ

̆

ῃ ȁῃ

�

Ȃ

Ҍ

̆

ῃ ȁῃ

�

Ȃ

�

̂���̃

Ώ ̆

Ḥ ⌠

̆

ᴇṿȂ

Ḡ

̆

Ғҙ

̕ ᴇ

Ḥ Ғ ֟

ᴆ ҍ

Ҭ ֲ

ȁ Ȃ

Ώ ̆

Ḥ

⌠ ̆

ѿ ᴇṿȂ

Ḡ

̆ Ғҙ

̕

ᴇ ᴆ

Ҭ ֲ

ȁ Ȃ

Ώ

̆ ⌠

̆

ᴇṿȂ ץ

Ғҙ

̕ ᴇ

ᴆ

ֲ

ȁ

Ȃ

Ώ

̆

⌠ѿ ̆

ᴇṿȂ

ץ

̕

ᴇ ᴆ

ֲ

ȁ

Ȃ

ΏҌ

̆Ҍ

⌠ ̆

ᴇ ṿ Ҍ

Ȃ

⌠Ғҙ

Ȃ

�

̂���̃

ץ ȁ

‰̆ ȁ

ץ ȁ

̆

ץ ȁ

̆

ץ ȁ

̆

₮

Ҍ ץ ȁ

̆

�

̂���̃

ΐ ᴆ

Ҭ

ҍ ‗

̂ ȁ

̃ ̆

╠ֲ ᵬ

Ȃ

ΐ ᴆ

Ҭ ҍ

‗ ̂

ȁ

̃ ̆

╠ֲ ᵬ

Ȃ

ΐ ᴆ

Ҭ

ҍ

‗ ̂

ȁ

̃ ̆

╠ֲ ᵬ

ѿ Ȃ

ΐ ѿ

ᴆ Ҭ

ҍ ‗

̂

ȁ

̃ Ȃ
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Ҭ

ҍ
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̂

ȁ

̃ Ȃ
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4. ᴇ ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

̂���̃

‗

̆

Ȃ

̆

ᴆ

֟ ῃ

ȁῃ

�

Ȃ

‗ ̆

₮

Ȃ

̆

ᴆ

֟

ῃ ȁῃ

�

ץ

‗

̆

₮ Ȃ

̆

ῃ ȁῃ

�

Ȃ

‗

̆

Ҋ ₮

Ȃ

Ҍ

̆

ῃ ȁ

ῃ �

Ȃ

Ҍ

‗

̆

̆

Ҍ

̆

ῃ ȁῃ

�

Ȃ

�

̂���̃

ῃ ᴆ

Ὲᴧ

ῃȁᴶ ȁẫ

ץ̆

Ḡ ᴪ

ᴋ ⱬ̆

Ҭ

ᴋȂ

ᴆ

Ὲ

ᴧ ῃȁᴶ

ȁẫ

ץ̆

Ḡ ᴪ

ᴋ ⱬ̆

Ҭ

ᴋȂ

ץ ᴆ

Ὲ

ᴧ ῃȁᴶ

ȁẫ

ץ̆

Ḡ ᴪ

ᴋ ⱬ̆

Ҭ

ᴋȂ

№ ᴆ

Ὲ

ᴧ ῃȁᴶ

ȁẫ

ץ̆

Ḡ ᴪ

ᴋ ⱬȂ

ᴆ

Ὲᴧ

ῃȁᴶ ȁ

ẫ ̆

ץ Ḡ

ᴪ ᴋ

ⱬҌ ̆Ҍ

Ҭ

ᴋȂ

�

̂���̃

ץ ȁ ȁ

̆‰

ȁ ≠

̆

̆№

ҍҙ

ᴪῈᴧ֜

Ȃ

ץ ȁ

ȁ

̆ ≠

̆

̆№

ҍҙ

ᴪῈ

ᴧ֜

Ȃ

ץ ȁ

ȁ

̆ ≠

̆ ̆

№ ҍҙ

ᴪ

Ὲᴧ֜

Ȃ

ץ ȁ

ȁ

̆

̆

̆№

ҍҙ

ᴪῈᴧ֜

Ȃ

Ҍ ץ ȁ

ȁ

̆

̆

̆№

ҍҙ

ᴪῈᴧ

֜

Ȃ
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4.48 55099006ȇ ҙ ̂ Ȉ̃

ѿȁ Ḥ

Ҭ ̔ ҙ � �

̔7KH JUDGXDWLRQ 'HVLJQ DQG 7KHVLV

�������� № �� ̂ ̃ ��

Ḥ ���

Ғҙ Ḥ ҍ ֲ

ԋȁ ׃

̂ѿ̃ ’

ҙ Ḥ ҍ Ғҙ Ҭ ѿҩ

̆ Ғҙֲ Ῑ №̆ ӟȁ ҍ

ῃ ̆ ⱬ ѿ ῃ Ȃ Ώ ҙ ץ

Ғ̆ҙ ȁ№ ‗ Ḥ ҍ Ҭ

ⱬȂ ѿ № ⱬȁ ҩֲ

Ȃ ᴋⱵ ᶏ ׆ ȁ ȁ № ȁ ↓ ȁ ȁḱ ⌠

Ώᵬ ̆ԅ ҙ ȁ ȁ ȁ ȁ ȁ Ώ

ᵬ ץ ̆ Ῑ ⇔ ȁ ⱬȂ

*UDGXDWLRQ GHVLJQ DQGWKHVLV LV WKH ODVW LPSRUWDQW FRPSUHKHQVLYH SUDFWLFDO WHDFKLQJ OLQN LQ WKH

XQGHUJUDGXDWH HGXFDWLRQ DQG WHDFKLQJ SURFHVV RI VSDWLDO LQIRUPDWLRQ DQG GLJLWDO WHFKQRORJ\

VSHFLDOW\� DQG DQ LPSRUWDQW SDUW RI DFKLHYLQJ WKH JRDO RI SURIHVVLRQDO WDOHQW WUDLQLQJ� ,W LV QRW RQO\

D FRPSUHKHQVLYH VXPPDU\ RI VWXGHQWV
 OHDUQLQJ� UHVHDUFK DQG SUDFWLFH DFKLHYHPHQWV� EXW DOVR D

FRPSUHKHQVLYH WHVW RI VWXGHQWV
 TXDOLW\ DQG DELOLW\� 6WXGHQWV FDQ FRPSUHKHQVLYHO\ XVH WKHLU EDVLF

WKHRUHWLFDO NQRZOHGJH DQG SURIHVVLRQDO NQRZOHGJH WR GLVFRYHU� DQDO\]H DQG VROYH YDULRXV SUDFWLFDO

SUREOHPV LQ WKH ILHOG RI VSDWLDO LQIRUPDWLRQ DQG FRPSXWHU� 7KLV FRXUVH UHTXLUHV VWXGHQWV WR KDYH D

FHUWDLQ FRPSUHKHQVLYH DQDO\VLV DELOLW\ RI OLWHUDWXUH PDWHULDOV DQG EH DEOH WR H[SUHVV WKHLU SHUVRQDO

YLHZV DQG RSLQLRQV LQ WKHLU RZQ ODQJXDJH� 7KH WDVN RI WKH FRXUVH LV WR HQDEOH VWXGHQWV WR

XQGHUVWDQG WKH EDVLF ZULWLQJ PHWKRGV DQG VNLOOV IURP WRSLF VHOHFWLRQ� OLWHUDWXUH UHVHDUFK� GDWD

DQDO\VLV� RXWOLQLQJ� GUDIWLQJ� UHYLVLQJ WR HGLWLQJ� DQG WR XQGHUVWDQG WKH ZULWLQJ PHWKRGV RI

JUDGXDWLRQ WKHVLV RSHQLQJ UHSRUW� OLWHUDWXUH UHYLHZ� DEVWUDFW� LQWURGXFWLRQ� WH[W� FRQFOXVLRQ� DV ZHOO

DV OLWHUDWXUH FLWDWLRQ PHWKRGV� VR DV WR FXOWLYDWH VWXGHQWV
 LQQRYDWLRQ DZDUHQHVV� LQGHSHQGHQW

WKLQNLQJ� VFLHQWLILF H[SORUDWLRQ DQG DELOLW\�



697

̂ԋ̃

1̔ ҙ ̂ ̃ ȁᴋⱵ ̆ ȁ ῤ

ȁ ℮ȁҒ≠ ̕ Ғҙ ̆ Ḥ ῏

ᶛ № ̕ ľ � Ŀ ₮ ᶛ Ҭ Ȃ

2̔ΐ Ḥ ῤ ᴆ ֟ ⱬ̆

‗ ̆ ̆

̆ Ḥ ῤ ᴆ ֟ ῃ ȁῃ

� Ȃ

3̔ΐ ⱬ̆ Ḥ ῤ Ḥ ȁ №

Ҭ̆ ҍ Ҭ ᴇṿ ҍ ̆ № Ȃ

4̔ Ώ ̆ Ḥ ⌠ ̆ ᴇṿȂ

Ḡ ̆ Ғҙ ̕ ᴇ Ḥ

ῤ Ḥ Ғ ֟ ᴆ ҍ ̂ ̃ ֲ

ȁ Ȃ

5̔ ΐ Ḥ ȁ Ὲᴧ ῃȁᴶ ȁẫ

ץ̆ Ḡ ᴪ ᴋ ⱬ̆ Ҭ ᴋȂ

6̔ΐ Ḥ ῤ Ḥ ῏ ץ̆ ȁ ȁ

̆‰ ̆ №̆ ҍҙ ᴪῈᴧ֜

Ȃ

7̔ΐ Ḥ Ҭ ҍ ‗ ̂

ȁ ̃ ̆ ╠ֲ ᵬ Ȃ ᴋⱵ̆

̆ᵬ Ҥ ̆Ҥ Ȃ

̔ Ῑ ᵝȁ ӟȁⱵ ⇔ Ȃ

̂҈̃ ҙ ῏

̂ ̔ ̆ ҙ ̆ ҙ

̃

ҙ ҙ

�
���� � ̆Ṣꜛ ̆№ Ḥ ȁ ȁ№

Ҭ ̆ ̕

��

№

�

���� � Ḥ ̆ ̆

֟ ῃ ȁῃ � ԅ̆

̕

�� �

‗

�
��� � � Ḥ ȁ ȁ№ ̆

ῃ ̆ ̕
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�
����� � Ḥ ῏ ץ̆ ȁ ȁ ̆‰

̆ ̆ ҍҙ ᴪῈᴧ֜ ̕
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�
���� � � Ḥ ‗ ̂ ȁ

Ȃ̃
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҈ȁ ῤ ҍ ῏

Һ ᴋⱵ
̂ ̃

Ὲ ҙ ̂ ̃

̂ ̃ ̆

̆ Ӟ ҍ

Ȃ

Ғҙ ȁ
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ҍ
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5. Ḥ ҍ Ғҙ ḱ

5.1 1102125ȇ ף IȈ

ѿȁ Ḥ

Ҭ ̔ ף ,

̔$GYDQFHG $OJHEUD ,

������� № �

̔��
҉

�� � � �

Ḥ �

ֲ Ғҙ Ḥ ҍ Ғҙ

ᾢḱ

ԋȁ ׃

̂ѿ̃ ’

ȇ ף �Ȉ ⱳ Ғҙ ѿ ̆ Ҭ ף

̆ ӈ̆ Ὲ῍

ӊѿȂ ӟ ᶏ̆ ∆ ף Ҥ ף ̆

ȁ ↓ ȁ ף ΐ̆ҹ ѿ ӟ Ҋ ȁ

ҹ׆Ԋ № ᵬ Ҋ Ȃ

$GYDQFHG $OJHEUDLV RQH RI WKH LPSRUWDQW DQG EDVLF FRXUVHV RI DSSOLFDWLRQ 0DWKHPDWLFV

6SHFLDOW\ LQ FROOHJHV DQG XQLYHUVLWLHV� 7KH FRXUVH FRQWHQW UHILQH WKH FRQWHQW RI PLGGOH VFKRRO

DOJHEUD� 7KH FRXUVH LV RI JUHDW VLJQLILFDQFH IRU VWXGHQWV WR IRUP PDWKHPDWLFDO WKLQNLQJ�7KLV

FRXUVH LV RQH RI WKH PRVW LPSRUWDQW SXEOLF EDVLF FRXUVHV LQ VFLHQFH DQG HQJLQHHULQJ FROOHJHV

VWLSXODWHG E\ WKH 0LQLVWU\ RI (GXFDWLRQ� 7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ JUDVS PRUH

V\VWHPDWLF DOJHEUDLF NQRZOHGJH DQG DEVWUDFW DQG VWULFW DOJHEUDLF PHWKRGV� PDVWHU PRGHUQ

VFLHQWLILF GHVFULSWLYH WRROV VXFK DV PDWUL[� GHWHUPLQDQW� OLQHDU VSDFH DQG VR RQ� OD\ D IRXQGDWLRQ IRU

IXUWKHU VWXG\ RI WKH IROORZ�XS FRXUVHV� DQG OD\ D IRXQGDWLRQ IRU GDWD DQDO\VLV ZRUN�
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RI 0DWKHPDWLFV � VSDFH IRUP DQG TXDQWLW\� PDNHV JHRPHWU\� DOJHEUD DQG DQDO\VLV IRUP DQ RUJDQLF
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LQWXLWLYH LQ VSDFH WR DEVWUDFW JHRPHWU\�
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�0DWKHPDWLFDO DQDO\VLV� LV D EDVLF FRXUVH DQG UHTXLUHG FRXUVH RI LQIRUPDWLRQ DQG FRPSXWLQJ

VFLHQFH� 7KH SXUSRVH RI WKLV FRXUVH LV WR SURYLGH WKH QHFHVVDU\ NQRZOHGJH IRU VXEVHTXHQW FRXUVHV�

DQG WKURXJK WKH FRXUVH RI WHDFKLQJ� H[HUFLVH DQG LPSURYH WKH VWXGHQWV
 DELOLW\ RI WKLQNLQJ� WUDLQLQJ

VWXGHQWV WR JUDVS WKH SUREOHP DQG VROYH WKH SUREOHP RI WKLQNLQJ� 7KLV FRXUVH QRW RQO\ KDV D GLUHFW

LPSDFW RQ WKH OHDUQLQJ RI PDQ\ VXEVHTXHQW FRXUVHV� EXW DOVR SOD\V DQ LPSRUWDQW UROH LQ WKH WUDLQLQJ
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5.6 1106402ȇ ҍ AȈ

ѿȁ Ḥ

Ҭ ̔ ҍ $

̔3UREDELOLW\ 7KHRU\ DQG 0DWKHPDWLFDO 6WDWLVWLFV$
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5.7 5208009ȇ № Ȉ
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Ҭ ̔ №

̔2UGLQDU\ 'LIIHUHQWLDO (TXDWLRQV

������� № �
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ᾢḱ № ȁ ף ȁ

ԋȁ ׃

̂ѿ̃ ’

№ ᵄ № ֟ ѿ ӄ Ȃ׆ ӊ

₮ ҉ ᵬ Ȃ ׂ ̆ ץ №

ᴧ ᴪ Ȃ ῤ № Ҭ̆ №

ΐӊѿ Ӟ̆ ҩ ᵣ Ҭ №Ȃ № ѿ Ӟ

Ҍ ῒ № Ȃ ѿ ̆ ԍ Ҍ Ҍ

̆ ׂׅᾟ ⱬ̆ ╠ ╠ Ҍ №

Ȃ

ӟ̆ ץ ӟ № ̆ ҹ ῒזҒҙ

ӟ Ȃ

)ROORZLQJ WKH HPHUJHQFH DQG GHYHORSPHQW RI FDOFXOXV� 2UGLQDU\ GLIIHUHQWLDO HTXDWLRQ KDV

JURZQ XS WR EH D ORQJ KLVWRULFDO VXEMHFW� ,W SUHVHQWV JUHDW DSSOLFDWLRQV VRRQ DIWHU WKH GDWH RI LWV

ELUWK� 8S WR QRZ� RUGLQDU\ GLIIHUHQWLDO HTXDWLRQV KDYH H[WHQVLYH DSSOLFDWLRQV LQ DOO QDWXUDO �VFLHQFH

ILHOGV DQG PDQ\ RI WKH VRFLDO�VFLHQFH ILHOGV� $PRQJ PDQ\ RI PDWKHPDWLFDO EUDQFKHV� RUGLQDU\

GLIIHUHQWLDO HTXDWLRQ LV RQH RI WKH PRVW�XVHG PDWKHPDWLFDO WRROV� DQG LW LV DOVR DQ LPSRUWDQW

FRPSRVLWLRQ RI WKH ZKROH V\VWHP RI PDWKHPDWLF FRXUVHV� (YHU\ VWHS RI DGYDQFHPHQW RI RUGLQDU\

GLIIHUHQWLDO HTXDWLRQ LV QRW VHSDUDWHG IURP WKH VXSSRUW RI RWKHU PDWKHPDWLFDO EUDQFKHV� 7KH

GHYHORSPHQW RI WKLV DQFLHQW GLVFLSOLQH LV VWLOO IXOO RI YLJRU DQG YLWDOLW\ GXH WR WKH FRQWLQXRXV

H[SDQVLRQ RI LWV DSSOLFDWLRQ GRPDLQ DQG QHZ WKHRU\ JURZLQJ SRLQW� 7KH FXUUHQW KRW VSRWV RI PDQ\

PDWKHPDWLFV DUH QRW VHSDUDWHG IURP RUGLQDU\ GLIIHUHQWLDO HTXDWLRQV�

7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ OHDUQ WKH EDVLF NQRZOHGJH DQG WKHRU\ RI

RUGLQDU\ GLIIHUHQWLDO HTXDWLRQV� DQG OD\ D IRXQGDWLRQ IRU ODWHU OHDUQLQJ RI RWKHU FRXUVHV�
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6. Ḥ ҍ Ғҙ Ғҙ ḱ

6.1 1104104ȇ ₱ Ȉ

ѿȁ Ḥ

Ҭ ̔ ₱

̔&RPSOH[ $QDO\VLV

������� № �

̔��
҉

�� � � �

Ḥ �

ֲ Ғҙ Ḥ ҍ Ғҙ

ᾢḱ
ΐ ԋ ץ№ Ὲ ᾢḱ Ȃ ḱ

№ ,̆ № ,,̆ Ȃ

ԋȁ ׃

̂ѿ̃ ’

ȇ ₱ Ȉ̂ № ̃ ѿ Ғҙ ḱ Ȃ № ҍ

ᴧ ̆ ף ȁ₃ᵥץ № Ȃ ̆

̆ ᵣⱬ ȁ ȁ ȁḤ ץ ᴰ Ȃ ׃

₱ ̆ ᶛ ῒ ף ҉ ҹ̆

‗ Ҋ Ȃῤ ̔ ȁ ₱ ȁ∆ ₱ ȁ №ȁ ₱

ȁ ȁ῍ ץ № Ȃ

&RPSOH[ $QDO\VLV LV D EDVLF FRXUVH IRU WKH XQGHUJUDGXDWH WKDW VWXGLHV WKH VFLHQFH DQG

HQJLQHHU� ,W LV FORVHO\ UHODWHG WR PDQ\ GLVFLSOLQHV RI PDWKHPDWLFV� VXFK DV DOJHEUD� JHRPHWU\� DQG

KDUPRQLF DQDO\VLV� &RPSOH[ DQDO\VLV LV DOVR ZLGHO\ XVHG LQ WKH ILHOG RI HQJLQHHULQJ WHFKQRORJ\�

VXFK DV IOXLG PHFKDQLFV� HOHFWULFLW\� PDJQHWLVP� VLJQDO SURFHVVLQJ DQG KHDW FRQGXFWLRQ HWF� 7KLV

FRXUVH DLPV WR LQWURGXFH VWXGHQWV WR WKH EDVLF WKHRULHV DQG PHWKRGV RI FRPSOH[ IXQFWLRQ� DQG VKRZ

WKHP LWV DSSOLFDWLRQV LQ PRGHUQ HQJLQHHULQJ VFLHQFH DQG WHFKQRORJ\� ,W OD\V D VROLG IRXQGDWLRQ IRU

VWXGHQWV WR DSSO\ FRPSOH[ PHWKRGV WR VROYH HQJLQHHULQJ SUREOHPV� 7KH FRXUVH ZLOO GLVFXVV

FRPSOH[ QXPEHU� DQDO\WLF IXQFWLRQ� FRPSOH[ LQWHJUDWLRQ� FRPSOH[ VHULHV� UHVLGXHV WKHRUHP�

FRQIRUPDO PDSSLQJ DQG LQWHJUDO WUDQVIRUPDWLRQ�

̂ԋ̃

�̔ ӟ̆ ԅ ₱ Ȃ

̆ ף ȁ҈ ȁ ҈ ӊ Ȃ
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6.2 1107406ȇ Ȉ

ѿȁ Ḥ

Ҭ ̔

̔ 2SHUDWLRQV UHVHDUFK

������� № �

̔��
҉
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Ḥ �

ֲ ᾠ Ғҙ Ғҙ

ᾢḱ ȁ ף ȁ ҍ

ԋȁ ׃

̂ѿ̃ ’

̆ ѿ Ȃ ȁ

ΐ ⌠ ѿҩ ῤ ҉ Ḃҹץ̆ ֓ ױֲ ᶫ ᶃ

‗ Ȃ ѿ ̆ῒ ҹ ₄̆ѿ℗ ץ

ӊῤȂ Һ ⅞ȁ ⅞ȁꜚ ⅞ȁ ᴨ

ȁ ȁ‗ ȁ Ȃ ҍ ̆ Ҭ׆ ӟ

ץ̆ ‗ᴨ Ȃ

2SHUDWLRQV 5HVHDUFK LV DQ LQWHJUDWHG GLVFLSOLQH RI PDQ\ GLVFLSOLQHV DQG ZDV RQH RI WKH ILUVW

VRIW VFLHQFHV WR EH GHYHORSHG� ,W DSSOLHV VFLHQWLILF PHWKRGV� WHFKQLTXHV DQG WRROV WR D ZLGH UDQJH RI

SUREOHPV� LQFOXGLQJ WKH PDQDJHPHQW RI D V\VWHP� LQ RUGHU WR SURYLGH WKH EHVW VROXWLRQ WR SUREOHPV

IRU WKRVH ZKR KDYH PDVWHUHG WKH V\VWHP� 7KH FRXUVH LV D KLJKO\ DSSOLHG GLVFLSOLQH DQG LWV VFRSH RI

VWXG\ LV H[WUHPHO\ EURDG� ZLWK DOO TXDQWLILDEOH PDQDJHPHQW V\VWHPV ZLWKLQ WKH VFRSH RI VWXG\� 7KH

FRXUVH IRFXVHV RQ OLQHDU SURJUDPPLQJ� LQWHJHU SURJUDPPLQJ� G\QDPLF SURJUDPPLQJ� QHWZRUN

RSWLPL]DWLRQ� TXHXLQJ WKHRU\� GHFLVLRQ WKHRU\ DQG UHVSRQVH WKHRU\� 7KH FRXUVH XVHV D FRPELQDWLRQ

RI OHFWXUHV DQG GLVFXVVLRQV IURP ZKLFK VWXGHQWV OHDUQ VLPSOH PDWKHPDWLFDO PRGHOOLQJ PHWKRGV DQG

WKH EDVLF WRROV IRU VROYLQJ RSWLPL]DWLRQ SUREOHPV�

̂ԋ̃

�̔ᶏ Һ ῤ ȁ ̆ל ⅞ ȁ

ȁ∆ ȁ Ẽ Ẽ ȁ № ̆ ⅞ ◓

№ ȁꜚ ⅞ ̆‗ № ȁ ȁ Ҍ ‗

№ ῤ ̆ Һ Ȃ
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̆ΐ № ‗ ҳ

ⱬȂ
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ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

҈ Ẽ ⅞

ҍ

Ẽ ӊ ῏ ȁ

̆

ҽᶛ Ȃ

̔ Ẽ ⅞ ȁ Ẽ

̔ Ẽ ȁ №
� �ȁ�ȁ�

⅞
⅞ ȁ

ȁ ̆

ҽᶛ

̔ ⅞ ̆���

⅞ ̆ ⅞

̔ ⅞ ȁ

ȁ ≠

� �ȁ�ȁ�

ԓ ꜚ ⅞

ꜚ ⅞

ȁ ȁ

̆

ҽᶛ

̔ꜚ ⅞ ȁꜚ ⅞

ҍ ⅞ ῏ ȁ ȁ‗ ȁ

ȁ‗ ȁ ȁ

̔ ȁ ȁ

ᶛ

�� �ȁ�ȁ�

Έ ‗ №

‗ №

̆

ҽᶛ

̔ ȁ‗ ȁ ₱ ȁ

‗ ‰↕̆‗ ᶛ

̔ ‗ ȁ ‗ ȁҌ

‗ ȁ‗ ȁ ₱ ȁ

№

�� �ȁ�ȁ�

ȁ ᴇ

ץ ҹҺ ץ̆ ⱬҹ

ῤ Ȃ

̂ѿ̃

ҹ Ȃ

Ȃ

̂ԋ̃

ӟ ҍᵬҙ ̆ ���Ȃ

���Ȃ

1.

̂�̃ №ҹ ���№̆ ���

̂�̃ ̆ ӟ ҍᵬҙ ̆ ���Ȃ ӟ

אל₮ ’ȁ ’ȁ ҍ ’ ̆ᵬҙ ᵬҙ ’ Ȃ

̂�̃ ̔ ̆ ���№̆ ���Ȃ

̂�̃ ᶭ ̔ № ‰ Ȃ

̂�̃ ̔ ȁ ȁ Ȃ

̂�̃ ῤ ̔ �Һ ᴨ ȁѿ ȁ

ᴨ ȁ ᴨ ῤ Ȃ
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2. ҍ ᴇ

ᶛ̂ î���� ¦���̃

̂���̃

̂���̃ӟ ̂���̃ ᵬҙ̂���̃

� � � �� ��

� � � �� ��

� � � �� ��

� � � � �

� ̃ �� �� �� ���

ԓȁ

ҹ Ȃ ⌠ ̆ ̆ ғ ȁ

֜ ̆ Ҭ ԍ ⱬ ῙȂ ׆ ₮ ̆

̆ Ῑ ⌠ΐᵣ׆ ̆ ҹ ⱬȂ

ԍ ̆ Ῑ ̆ ‗ ᴆ

Ȃ Ҭ ⱴ ԑꜚ ̆ᶏ ꜚȂ (2/

ⱴѿ֓ Ғҙ Ȃ Ȃ (PDLO

Ȃ

Έȁ

�� ȇ Ȉ� ԓ �̆ Һ ̆ ₮ ̆���� � ̆ � Ȃ

�� ȇ Ȉ̆ ̆ ₮ ̆���� Ȃ
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�� ȇ ӟ Ȉ̂ � ̃̆ Һ ̆ ₮ ̆���� � Ȃ

Һ ֲ̔ ᾠ
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̔

◐ ̔
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ᴆ̔ ҍ ᴇ ‰

1. ӟ № ‰
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Ҭ
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ᴨ
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̆
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ᴨ

῏

Ȃ

ӟ Һ
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ᴨ

῏

Ȃ

ӟ Һ ꜚ Ҍ
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̆
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Ȃ

ᴨ ῏

Ҍ

ᾟ№Ȃ

ӟҌҺꜚ̆

Ҥאל ̆

Ҍ
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ᴨ ῏
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�
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ӟ Һꜚ̆
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ᴨ ȁ
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Ȃ
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̆

Ȃ

ѿ

ȁ
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῏
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ӟ Һ
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̆
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ѿ
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῏
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ȁ
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ȁ
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ȁ

῏
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Ȃ

�

̂���̃

ӟ Һꜚ̆
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̆

Ȃ

ᴨ

῏

№

Ȃ

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

ᴨ

῏ №

Ȃ

ӟ Һ

ꜚ̆ ̆אל₮

̆

Ȃ

ᴨ

῏

№

Ȃ

ӟ Һ ꜚ Ҍ
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Ȃ

ᴨ

῏

№
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ᴨ
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Ȃ
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Ȃ
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Ȃ
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Ȃ
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Ȃ
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Ạ
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2.ᵬҙ ᴇ ‰
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ᴨ
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6.3 5208074ȇ Ȉ

ѿȁ Ḥ

Ҭ ̔

̔'DWD PLQLQJ

������� № �

̔��
҉

��

Ḥ �

ֲ ↔ Ғҙ Ḥ ҍ

ᾢḱ
ᾢḱ ̔ № ȁ ף ȁ ҍ ̆ ȇ

Ȉ ῒ Ȃ

ԋȁ ׃

̂ѿ̃ ’

ȇ Ȉ Ḥ ̆Һ ׃ ȁ ȁ

ᶏ̆ ԅ ̆ Ҭ ̆

⌠ № Ȃ

Һ ῤ ̔ ȁ ȁ ȁ

ᴋⱵ̂ № ᴋⱵȁ ᴋⱵȁ῏ № ᴋⱵȁ ↓ ᴋⱵȁ

ᴋⱵ ̃ ̆ ׃ ԅ ᴋⱵ

̆ ԅ ֓ ᴨ Ȃ

ӟ̆ ӟ⌠ ԅ̆ ᵬ

̆ ₃ ᴋⱵ № ̆

Ҭⱴץ Ȃ

7KLV FRXUVH LV DQ DGYDQFHG RQH IRU WKH VWXGHQWV PDMRULQJ LQ FRPSXWHU VFLHQFH� DQG PDLQO\

LQWURGXFHV WKH FRQFHSWV� WKH WKHRU\� WKH PHWKRGV DQG WKH DOJRULWKPV RI GDWD PLQLQJ� ,W LV H[SHFWHG

WKDW WKH VWXGHQW ZRXOG NQRZ WKH EDVLF FRQFHSWV DQG PHWKRGV RI GDWD PLQLQJ� DQG FRXOG DSSO\ WKH

PHWKRGV WR WKH UHDO LQIRUPDWLRQ V\VWHPV WR DFKLHYH WKH GDWD DQDO\VLV JRDOV�

7KH FRXUVH LQWURGXFHV WKH EDVLF FRQFHSWV DQG WKHRU\ RI GDWD PLQLQJ� GDWD H[SORUDWLRQ DQG GDWD

SUHSURFHVV� )XUWKHUPRUH� WKH FRXUVH GHVFULEHV WKH FRQFHSWV RI WKH FRUH WDVNV� LQFOXGLQJ

FODVVLILFDWLRQ� DVVRFLDWLRQ DQDO\VLV� FOXVWHULQJ DQG DQRPDO\ GHWHFWLRQ� RI GDWD PLQLQJ� IRFXVY�

WK H

ED

KH
PHWK JQQDGYDQ

KH

PHWK��

WKH

KH FWH

FH�JQ҇

IRFXK Q

WH

LQLLQ

PHWKQJ

ԆQGDVVL FLDWLQHWKQ�WKHKH

P
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7KURXJK VWXG\LQJ WKLV FRXUVH� LW LV H[SHFWHG WKDW WKH VWXGHQWV ZRXOG OHDUQ WKH EDVLF FRQFHSWV

RI GDWD PLQLQJ� NQRZ DERXW WKH WKHRU\ RI GDWD PLQLQJ� XQGHUVWDQG WKH EDVLF PHWKRGV DQG DGYDQFHG

PHWKRGV RI WKH FRUH GDWD PLQLQJ WDVNV� DQG DSSO\ WKHVH PHWKRGV WR WKH UHDO LQIRUPDWLRQ V\VWHPV�
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2. ҍ ᴇ
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6.4 5208408ȇ ṿ№ Ȉ

ѿȁ Ḥ

Ҭ ̔ ṿ№

̔1XPHULFDO $QDO\VLV

������� № �

̔��
҉
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Ḥ �

ֲ Ғҙ Ḥ ҍ

ᾢḱ № ȁ ף ȁ ₃ᵥȁ ȁ №

ԋȁ ׃

̂ѿ̃ ’

ȇ ṿ№ Ȉ Ḥ ҍ Ғҙ Ғҙ ӊѿ̆ ᵝ №

Ȃ ӟ̆ᶏ ṿ ѿҩ ῃ ԅ Ȃ

1XPHULFDO $QDO\VLV LV D UHTXLUHG FRXUVH DQG SOD\V HVVHQWLDO UROH IRU GHSDUWPHQW RI

LQIRUPDWLRQ DQG FRPSXWDWLRQ VFLHQFH� %\ RQH�VHPHVWHU OHDUQLQJ� VWXGHQWV VKRXOG KDYH D

FRPSUHKHQVLYH DQG V\VWHPDWLF XQGHUVWDQGLQJ RI WKH ZKROH WKHRU\� DFTXLULQJ WKH EDVLF FRQFHSWLRQV
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7KLV FRXUVH LV DQ LPSRUWDQW PDWKHPDWLFV FRXUVH LQ HQJLQHHULQJ FROOHJHV DQG XQLYHUVLWLHV� ,W LV

DQ LQWHUGLVFLSOLQDU\ VXEMHFW WKDW VWXGLHV KRZ WR XVH PDWKHPDWLFDO PHWKRGV DQG FRPSXWHU

WHFKQRORJ\ WR VROYH SUDFWLFDO SUREOHPV� 7KLV FRXUVH ILUVW LQWURGXFHV WKH EDVLF LGHD DQG UHDOL]DWLRQ

SURFHVV RI PDWKHPDWLFDO PRGHOLQJ� DQG WKHQ EULHIO\ LQWURGXFHV WKH FRPPRQ PDWKHPDWLFDO

DSSOLFDWLRQ VRIWZDUH 0DWODE� )LQDOO\� LW VWXGLHV VHYHUDO FRPPRQ PDWKHPDWLFDO PRGHOV VXFK DV

PDWKHPDWLFDO SURJUDPPLQJ PRGHO� GLIIHUHQWLDO HTXDWLRQ PRGHO� SUREDELOLW\ DQG VWDWLVWLFV PRGHO LQ

GHWDLO� 7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ EHWWHU XQGHUVWDQG WKH EDVLF LGHD RI

PDWKHPDWLFDO PRGHOLQJ� FDQ EHWWHU VROYH WKH UHOHYDQW SUDFWLFDO SUREOHPV ZLWK WKH KHOS RI

PDWKHPDWLFDO DSSOLFDWLRQ VRIWZDUH 0DWODE� FXOWLYDWH WKHLU DELOLW\ WR DSSO\ PDWKHPDWLFDO WKRXJKWV

DQG PHWKRGV WR VROYH SUDFWLFDO SUREOHPV�
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7. Ḥ ҍ ҒҙҒҙ ḱ

7.1 1106404ȇ Ȉ

ѿȁ Ḥ
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ILQLWH�GLPHQVLRQDO GLVWULEXWLRQ� QXPHULFDO FKDUDFWHULVWLFV� VHYHUDO LPSRUWDQW VWRFKDVWLF SURFHVVHV�

3RLVVRQ SURFHVV� WKH GHILQLWLRQ DQG SURSHUWLHV RI 0DUNRY SURFHVV� WKH EDVLF WKHRU\ RI VWDWH

FODVVLILFDWLRQ� VWDWLRQDULW\ DQG HUJRGLFLW\ RI 0DUNRY FKDLQ� DQG WKH GHILQLWLRQ DQG SURSHUWLHV RI

%URZQLDQ PRWLRQ� %\ OHDUQLQJ WKLV FRXUVH� VWXGHQWV FDQ PDVWHU WKH EDVLF FRQFHSWV� EDVLF WKHRULHV

DQG DSSOLFDWLRQV RI VWRFKDVWLF SURFHVV� 7R FXOWLYDWH VWXGHQWV
 DELOLW\ WR DQDO\]H DQG VROYH SUREOHPV
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7KLV FRXUVH PDLQO\ GLVFXVVHV KRZ WR VROYH WKH GLIIHUHQWLDO HTXDWLRQV QXPHULFDOO\� ,W PDLQO\

LQFOXGHV WKH QXPHULFDO VROXWLRQ RI WKH RUGLQDU\ GLIIHUHQWLDO HTXDWLRQV ZLWK LQLWLDO FRQGLWLRQV� WKH

HOOLSWLF HTXDWLRQV� WKH SDUDEROLF HTXDWLRQ DQG WKH GLIIHUHQWLDO HTXDWLRQV� 7KLV FRXUVH WULHV WR

LOOXVWUDWH WKH EDVLF FRQFHSWV DQG WKHRULHV �VXFK DV VWDELOLW\� FRQYHUJHQFH DQG HUURU HVWLPDWLRQ� RI

QXPHULFDO PHWKRGV� 7KH IXQGDPHQWDO LGHDV RI QXPHULFDO PHWKRGV DUH HODERUDWHG LQ WKLV FRXUVH

ZLWK WKH KHOS RI VRPH W\SLFDO� FRPPRQ DQG HIIHFWLYH QXPHULFDO PHWKRGV� 7KH SXUSRVH RI WKLV

FRXUVH LV WR OHW WKH VWXGHQWV OHDUQ KRZ WR VROYH WKH GLIIHUHQWLDO HTXDWLRQV ZLWK FRPSXWHUV�

7KURXJK WKH VWXG\ RI WKLV FRXUVH� VWXGHQWV FDQ OHDUQ WKH EDVLF NQRZOHGJH DQG DOJRULWKP LGHDV

RI QXPHULFDO VROXWLRQ RI GLIIHUHQWLDO HTXDWLRQV� DQG OD\ D IRXQGDWLRQ IRU ODWHU OHDUQLQJ RI

PDWKHPDWLFDO PRGHOLQJ�

̂ԋ̃

̂ ̃̆ ҩ≢ Ҍץ ԍ Ȃ

�̔ ԍ № ̂ ̃̆ ῒ № ̆ 0DWODE
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2. ҍ ᴇ

ᶛ̂�̃

҉

� � � �� ��

� � �� �� ��

� � �� ��

� � �

� ̃ �� �� �� ���

ԓȁ

№̆ ᵣ ᴰ Ȃ ᵣ ᴰ

ꜛ ̆ Ҭ̆ ף ᵣ̆ ҍ ӥ ᴰ

̆῍ ҍ ῃ ̆ ȁꜚ ȁ ᵣḤ ᵬ ԍ ̆ ץ ꜚ

ῐ ӟ Һꜚ ̆ ̆ ⌠ Ȃ

҉ №̆ ╠ ῤ ̆ᶏ ҬҌ ‗ Ȃ

ᾟ№≠ Ȃ ᵈ̆ ץ ⌠ ᾟ

ᵬ ̆ ᵩ ≠ Һ ӟ ⱴ̆
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ᴆ̔ ҍ ᴇ ‰
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7.4 11061102ȇ № Ȉ

ѿȁ Ḥ

Ҭ ̔ №

̔$SSOLHG UHJUHVVLRQ DQDO\VLV

�������� № �

̔��
҉

�� � �� �

Ḥ �

ֲ Ғҙ Ḥ ҍ Ғҙ

ᾢḱ ף ȁ № ȁ ҍ

ԋȁ ׃

̂ѿ̃ ’

№ Ҭ ѿҩ № ̆ № ΐӊѿ Һ̆ ῏

ӊ ῏ Ȃȇ № Ȉץ ҹ ̆ №

̆ Һ ׃ ѿᾝ ᾝ № ῖ ῒ ԋӗᵀ ץ̆

ѿ ↓ ̆ ȁ ῏ȁ ῍ Ȃ

‗ ⱬ̆ ԅ ̆ ᴆ� (9,(:6ȁ6366ȁ6$6 � ‗

ᴪ ȁ ѿ֓ Ȃ ₮ ᶛ ѿ̆

ҹ ѿ ӟ Ạ ‰ ȁ ѿ ҹ׆Ԋ № ᵬ Ҋ Ȃ

5HJUHVVLRQ DQDO\VLV LV D YHU\ LPSRUWDQW EUDQFK RI VWDWLVWLFV DQG RQH RI WKH GDWD DQDO\VLV WRROV�

,W PDLQO\ GHDOV ZLWK WKH UHODWLRQVKLS EHWZHHQ FDXVDO YDULDEOHV� ȇ$SSOLHG 5HJUHVVLRQ $QDO\VLV Ȉ

LV EDVHG RQ VWDWLVWLFDO WKHRU\ WR DQDO\]H DQG LQIHU VWDWLVWLFDO GDWD RI UDQGRP SKHQRPHQD� 7KH FRXUVH

PDLQO\ LQWURGXFHV FODVVLFDO PRGHOV RI OLQHDU UHJUHVVLRQ DQDO\VLV DQG /HDVW 6TXDUH (VWLPDWLRQ

7KHRU\� DQG D VHULHV RI GLDJQRVHV RI PRGHOV� LQFOXGLQJ KHWHURVFHGDVWLFLW\� DXWRFRUUHODWLRQ�

PXOWL�FROOLQHDULW\ DQG VR RQ� 7KLV FRXUVH IRFXVHV RQ WKH DELOLW\ WR VROYH SUDFWLFDO SUREOHPV� 7KH

H[SHULPHQWDO SDUW LV VHW XS� DQG FRRSHUDWHV ZLWK VWDWLVWLFDO VRIWZDUH �VXFK DV (9,(:6� 6366� 6$6�

WR VROYH VRPH SUDFWLFDO SUREOHPV IURP VRFLDO HFRQRP\� QDWXUDO VFLHQFH DQG RWKHU ILHOGV� 7KH

FRXUVH KLJKOLJKWV WKH DSSOLFDWLRQ RI SUDFWLFDO FDVHV DQG WKH LQILOWUDWLRQ RI VWDWLVWLFDO LGHDV� 2Q WKH

RQH KDQG� LW PDNHV WKHRUHWLFDO SUHSDUDWLRQV IRU IXUWKHU VWXG\ RI VXFFHVVRU FRXUVHV� RQ WKH RWKHU

KDQG� LW OD\V D IRXQGDWLRQ IRU GDWD DQDO\VLV�
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http://search.dangdang.com/book/search_pub.php?category=01&key2=%B9%C5%D4%FA%C0%AD%B5%D9&order=sort_xtime_desc
http://search.dangdang.com/book/search_pub.php?category=01&key2=%CE%E9%B5%C2%C0%EF%C6%E6
http://search.dangdang.com/book/search_pub.php?category=01&key2=%B7%D1%BD%A3%C6%BD
http://search.dangdang.com/book/search_pub.php?category=01&key3=%D6%D0%B9%FA%C8%CB%C3%F1%B4%F3%D1%A7%B3%F6%B0%E6%C9%E7


801

ᴆ̔ ҍ ᴇ ‰

1. № ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

̂���̃

ӟ Һꜚ̆

╠ᵬҙȂ

‰ ᾟ

№̆ ̆

̆

Ȃ

Ҭ

Ȃ

ӟ

̆ ץ

╠ᵬҙȂ

̆

ҹ

̆

Ȃ

Ҭ

Ȃ

ӟ

̆ ץ

╠ᵬҙȂ

̆

ҹ

̆

Ȃ

Ҭ

Ȃ

Ҍ

╠ᵬ

ҙ̆ Һꜚ

̆

ѿ

Ȃ Ҭ

Ҍ ᾟ

№Ȃ

Ҍ

╠ᵬ

ҙȂ

Ҍ Ȃ

Ҭ

Ȃ

�

̂���̃

╠ᵬҙȂ

‰ ᾟ№̆

̆

Ȃ

ѿ

ȁ ȁ

₱

Ȃ

╠ ᵬ

ҙȂ ‰

ᾟ№̆

̆

Ȃ

ѿ

ȁ ȁ

₱

Ȃ

ץ

╠ᵬҙȂ

‰ ᾟ

№̆ ̆

Ȃ

ѿ ȁ

ȁ

₱

Ȃ

Ҍ

╠ᵬҙȂ

Ȃ ѿ

ȁ

ȁ ₱

ѿ

Ȃ

Ҍ

╠ᵬҙȂ

ȂҌ

ѿ ȁ

ȁ ₱

Ȃ

�

̂���̃

ץ

ӟ ₱

ṿ ᴨ

Ȃ

ץ

ӟ ₱

ṿ

ᴨ Ȃ

ץ

ӟ

₱ ṿ

ᴨ

Ȃ

ӟ

₱ ṿ

ᴨ

ѿ

Ȃ

₱

ṿ ᴨ

Ҍ

Ȃ

�

̂���̃

№

Ȃ

№

Ȃ

№

Ȃ

№

ѿ

Ȃ

№

Ҍ

Ȃ



802

7.5 52020125ȇ Ȉ
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̔&RPSXWDWLRQDO ,QWHOOLJHQFH
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&RPSXWDWLRQDO LQWHOOLJHQFH LQFOXGHV IX]]\ FRPSXWLQJ PHWKRGV� HYROXWLRQDU\ FRPSXWDWLRQ

DQG QHXUDO FRPSXWLQJ PHWKRGV� 1RZ LW LV RQH RI WKH LPSRUWDQW EUDQFKHV RI PDWKHPDWLFV� ,W SOD\V

DQ LPSRUWDQW UROH LQ SHRSOH
V VFLHQWLILF UHVHDUFK� SURGXFWLRQ DQG OLIH�

,Q DGGLWLRQ WR WKH WKUHH PDLQ HOHPHQWV RI VRIW FRPSXWLQJ� WKH PDLQ SRLQW RI WKLV FRXUVH LV WR

FXOWLYDWH VWXGHQWV
 FRPSUHKHQVLYH PRGHOLQJ DELOLW\� IRU H[DPSOH WKH DELOLW\ WR FRPELQH WKH QHXUDO

QHWZRUN PRGHO DQG IX]]\ LQIHUHQFH PRGHO WR GHDO ZLWK WKH QRQ�DFFXUDF\ SUREOHP ZLWK VRPH

OHDUQLQJ DQG VHOI�DGDSWDWLRQ�

7KLV FRXUVH FRQWDLQV IRUPV RI WKHRU\� SUDFWLFH DQG H[SHULPHQW� ZKLFK JLYH IXOO SOD\ WR WKH

VWXGHQWV
 OHDUQLQJ HQWKXVLDVP DQG LQLWLDWLYH� HPSKDVL]LQJ WKH PDQDJHPHQW DQG HYDOXDWLRQ RI

VWXGHQWV
 OHDUQLQJ SURFHVV� 7KH IRUPV RI WHVW DUH YDULRXV� LQFOXGLQJ FRPSUHKHQVLYH DVVHVVPHQW

PHWKRGV� DWWHQGDQFH� KRPHZRUN� WHVW UHSRUW� FRXUVH WKHVLV� RSHQLQJ H[DPLQDWLRQ�
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8. Ḥ ҍ Ғҙ

8.1 5208075ȇ Ȉ

ѿȁ Ḥ

Ҭ ̔

̔&RXUVH ([HUFLVH RI 'DWD 0LQLQJ

������� № �

̔��
҉

��

Ḥ �

ֲ ↔ Ғҙ Ḥ ҍ

ᾢḱ
ᾢḱ ̔ № ȁ ף ȁ ҍ ̆ ȇ Ȉ

ῒ Ȃ

ԋȁ Coursê׃ Descriptioñ

̂ѿ̃ ’

ȇ Ȉ ȇ Ȉ ̆Һ ׃

ȁ ȁ ̆ᶏ ԅ ̆ ≠ ᴆ

̂3\WKRQȁ5ȁ0DWODE ̃ Ҭ ̆ ⌠ № Ȃ

Һ ῤ ̔ ȁ ȁ№ ȁ ȁ῏ № ȁ

ᴋⱵ Ȃ

ȇ&RXUVH ([HUFLVH RI 'DWD 0LQLQJȈLV D SUDFWLFH FRXUVH DVVRFLDWHG ZLWKȇ'DWD0LQLQJȈ� ZKLFK

PDLQO\ LQWURGXFHV WKH FRQFHSWV� WKH WKHRU\� WKH PHWKRGV DQG WKH DOJRULWKPV RI GDWD PLQLQJ� ,W LV

H[SHFWHG WKDW WKH VWXGHQW ZRXOG NQRZ WKH EDVLF FRQFHSWV DQG PHWKRGV RI GDWD PLQLQJ� DQG FRXOG

DSSO\ WKH PHWKRGV WR WKH UHDO LQIRUPDWLRQ V\VWHPV WR DFKLHYH WKH GDWD DQDO\VLV JRDOV E\ XVLQJ WKH

FRPSXWHU VRIWZDUH �VXFK DV 3\WKRQ� 5� 0DWODE� HWF��

7KH FRXUVH LQWURGXFHV WKH EDVLF H[SHULPHQWV RI GDWD PLQLQJ� LQFOXGLQJ GDWD H[SORUDWLRQ DQG

GDWD SUHSURFHVV� FODVVLILFDWLRQ� DVVRFLDWLRQ DQDO\VLV� FOXVWHULQJ DQG DQRPDO\ GHWHFWLRQ�

̂ԋ̃
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RI SXEOLF EDVLF FRXUVHV DQG SURIHVVLRQDO EDVLF FRXUVHV� 7KURXJK ȇ0DMRU 6NLOO 3UDFWLFHȈ� VWXGHQWV

FDQ GHHSHQ WKHLU XQGHUVWDQGLQJ RI WKH SURIHVVLRQDO WKHRULHV DQG DSSOLFDWLRQV WKH\ KDYH OHDUQHG�

DQG OD\ D SUDFWLFDO IRXQGDWLRQ IRU WKH OHDUQLQJ RI VXEVHTXHQW SURIHVVLRQDO FRXUVHV�

̂ԋ̃
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�̔ Ҭ Ḥ ̆ ҍ ̆ ῃ

̆ ׆ Ҭ ̆ ῤ ̆ № № ᴆ ΐ
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Ȃ

�̔ Ῑ ̆ ‗ ̆

̆ Ԋ ̆ᾥ Һ ̕ Ҭ̆ ῒז ᵬ ᵬ̆

ᵬ Ȃ̂ ̃

̂҈̃ ҙ ῏

ҙ ҙ

�
��� ҙ ̆ ᴋ̆ Ḥ

ȁ Ȃ
�� ҙ

� ��� ᵬҹ ֲ̆ ȁ ᵬȂ �� ҩֲ

�

���� Ḥ ҍ № ȁ ȁ

Ғҙ ̆ ȁ ȁ ‰̆ ̆

̆ ҍҙ ᴪῈᴧ ֜ ҍ Ȃ

���� Ḥ ҍ Ҭ ҍ ‗

̂ ȁ Ȃ̃ ԍ ҙ ̆

⌠ ῃȁ ⱷ ▲҉ Ȃ

���� Ҍ ӟ ΐ̆ Һ ӟ ӟ

ץ

���

���

��� ӟ

҈ȁ ῤ

ῤ

ȁ ᴆ ̆ ΐ

ᵬ

῀ ̔ ҹ Ԋᴆȁ

̆ ₮ ̆ ꞉ ҙ Ȃ

� ̆ �̆�

ӟ � ̆ �̆�

ӟ � ̆ �̆�

ӟ

῀ ̔ Ῑ ȁ ̆

ᵬȁ ᵬ῍ Ȃ

� ̆ �̆�̆�

ȁ

ӟ ҹ ȁ ӟ ӟ

’ №̆ №ῤ ᶛ ’ Ȃ

̂ №└̃ ҉ץ №ῤ ̂ ԓ῀ ̃̆ ������№ҹᴨ ̆�����ҹ

̆�����ҹҬ ̆�����ҹ ̆ ԍ ��ҹҌ ∞ Ȃ
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ҍ ᴇ

ᶛ

̂���̃

ӟ

̂���̃ ̂���̃

� � �� �� ��

� � �� �� ��

� �� �� �� ��

�� �� �� ���

Һ ֲ̔↔

ֲ̔ ȁ

̔

̔

̔���� � �

ᴆ̔ ҍ ᴇ ‰

1. ῤ № ‰

ῤ

№ ‰

������№ �����№ �����№ �����№ ���№

�

ӟ

̆אל

ᵬ

ῃאל

ӟ̆ ӟ

Ҭ̆ ῒז

ᵬ

ᵬ̆

ᵬ Ȃ

҉ ῃ

אל ӟ̆

ӟҬ̆ ῒז

ᵬ

ᵬ̆

Ҭᵬ Ȃ

№

ӟ̆

ӟҬ̆ ῒז

ᵬ

ᵬ̆

Ҭ ᵬ

Ȃ

№

ӟ̆

ӟҬ̆ ῒ

ז ᵬ

ѿ Ȃ

Ҍ

ӟ̆ ӟҬ̆

Ҍ ῒז

ᵬ

ᵬ̆

Ҭ

ᵬ Ȃ
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2. ӟ ῤ № ‰

ῤ

№ ‰

������№ �����№ �����№ �����№ ���№

�

ⱬ

Ғҙ

̆ ԍ

№ ȁ ‗

̕

ȁ

‰̆

Ȃ

Ғҙ

̆

ԍ№ ȁ

‗ ̕

ȁ

‰̆

̆

Ȃ

ԅ №

Ғҙ ̆

ԍ№

ȁ ‗ ̕

ȁ

̆

̆ᵖ ѿ

Ȃ

Ғҙ

ѿ №̆

ȁ ‗

ѿ ̕

ȁ

̆ ѿ

Ȃ

Ғҙ

ѿ ̆

Ҍ ԍ№

ȁ ‗

Ҍ̕

ȁ

̆

Ȃ

�

ⱬ

̆

׆

⌠

̆ Ғ

ҙ

̆

‗

Ȃ

ȁ

‰̆

Ȃ

̆

׆

⌠

̆ Ғ

ҙ ѿ

̆

‗

ѿ

Ȃ

ȁ

̆ ҹ‰

̆ Ȃ

̆

Ҋ

Ғҙ

̆

Ҋ

‗

Ȃ

ȁ

̆ ‰

̆ᵖ ѿ

Ȃ

̆

Ҋ

Ғҙ

ѿ

̆

Ҋ

‗

ѿ Ȃ

ȁ

‰̆

ѿ Ȃ

Ҍ Ғҙ

Ҍ̆

‗

Ȃ

Ҍ ȁ

̆

‰

Ȃ

�

ᵬץ

Ώ

ӟ

ⱬ

Ҭ

ҍ

ҍ̆

ԑ ԑꜛ̆ ԑ

Ḇ Ȃ

№

ᴋ

Ⱶ̆ ҍ

̆

֟

Ȃ

ȁ

‰̆

Ȃ

Ҭ

ҍ

̆ ҍץ

ԑ

ԑꜛ̆ ԑḆ

Ȃ ץ

№

ᴋⱵ̆

ҍ

̆

֟

Ȃ

ȁ

̆ ҹ‰

Ȃ

Ҭ

ҍ

̆ ҍץ

ԑ ԑ

ꜛ̆ ԑḆ Ȃ

ץ

№

ᴋⱵ̆

ҍ

̆ ֟

Ȃ

ȁ

̆ ҹ

‰

̆ᵖ

Ȃ

Ҭ ҍ

̆

№

ᴋⱵ̆

ѿ Ȃ

ҍ

̆ ѿ

Ȃ ȁ

̆

̆

ѿ Ȃ

Ҍ

ҍ ̆

Ҍ ҍ

ԑ ԑ

ꜛ̆ ԑḆ

ȂҌ

№

ᴋⱵ̆

ҍ

Ҍ

̆֟ ԅ

ȂҌ

ȁ

̆

ҹ‰

Ȃ
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3. ῤ № ‰

ῤ

№ ‰

������№ �����№ �����№ �����№ ���№

�

Ғҙ

̆ ԍ

№ ȁ ‗

̕

Ҭ

ȁ

‰̆

Ȃ

Ғҙ

̆ ԍ

№ ȁ ‗

̕

Ҭ ȁ

‰̆

̆

Ȃ

ԅ №

Ғҙ ̆

ԍ№

ȁ ‗ ̕

Ҭ

̆ᵖ ѿ

Ȃ

Ғҙ

ѿ №̆

ȁ ‗

ѿ ̕

Ҭ

̆

ѿ Ȃ

Ғҙ

ѿ ̆Ҍ

ԍ№

ȁ ‗ ̕

ҬҌ

Ȃ

�

̆

׆

⌠

̆ Ғ

ҙ

̆

‗

Ȃ

Ҭ

ȁ

‰̆

̆

׆

⌠

̆ Ғҙ

ѿ ̆

‗

ѿ

Ȃ

Ҭ

ȁ

‰̆

̆

Ȃ

̆

Ҋ

Ғҙ

̆

Ҋ

‗

Ȃ

Ҭ

̆ᵖ ѿ

Ȃ

̆

Ҋ

Ғҙ

ѿ

̆

Ҋ

‗

ѿ

Ȃ

Ҭ

ѿ

Ȃ

Ҍ Ғҙ

̆Ҍ

‗

Ȃ

ҬҌ ‰

Ȃ

�

֜

Ҥ

Ҭ

ҍ

ҍ̆

ԑ ԑꜛ̆ ԑ

Ḇ Ȃ

№

ᴋ

ӆ

G} 5	 8� � E÷ B. �Î D%ҡ7- �¼ �@ �þh‚7̆׆׆�- �¼ �@ �þsH E÷ B. 0;sH »�� �W
�± 	ò �> LO N©̆

ҍ

ԑ ԑꜛ

̆

ԑ

E÷,´�ö .ž >˜ �Â �Ùӿ

я

Ҭ

ȁ

̆

‰

̆
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Ҭ

̆ᵖ

ᵖ

א

‗̆ ҍ
ѿ

Ҭ

Ҭ
ҍ‰
ѿ

̕
Ҭ

ѿ є

ѿ

ԑ‗�Î D%�]ҍҍҊ ̆

Ҭ

‰
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8.3 5208407ȇ Ȉ

ѿȁ Ḥ

Ҭ ̔

̔0DWKHPDWLFDO ([SHULPHQW

������� № �

̔��
҉

� � �� �

Ḥ �

ֲ ᾣ Ғҙ Ғҙ

ᾢḱ № ȁ ף

ԋȁ ׃

̂ѿ̃ ’

ѿ Ὲ῍ ̆ 0DWODEץ ᴆҹ ῖ

ҍ Ȃ ᾢ׃ 0DWODE ̆ ӟ

ף ȁ₱ ȁ №ȁ № ȁ ȁ № ₃

0DWODE Ȃ ӟ̆ᶏ 0DWODE ᴆ̆ ῀

̆ ӟ ῐ ̆ ῒҺꜚ ׆̆ Ῑ Һꜚ

ӟ ̆ ⱬ ⇔ Ȃ

7KLV FRXUVH LV D SXEOLF EDVLF FRXUVH LQ VFLHQFH DQG HQJLQHHULQJ FROOHJHV� ,W LV EDVHG RQ 0DWODE

VRIWZDUH WR VKRZ WKH DSSOLFDWLRQ SUDFWLFH RI W\SLFDO PDWKHPDWLFDO PHWKRGV DQG PDWKHPDWLFDO

PRGHOV� 7KLV FRXUVH ILUVW LQWURGXFHV WKH EDVLV RI 0DWODE ODQJXDJH SURJUDPPLQJ� DQG WKHQ VWXGLHV

WKH 0DWODE LPSOHPHQWDWLRQ RI VHYHUDO FRPPRQ PDWKHPDWLFDO SUREOHPV LQ GHWDLO� VXFK DVPDWUL[

DOJHEUD� IXQFWLRQV DQG HTXDWLRQV� DSSOLHG FDOFXOXV� RUGLQDU\ GLIIHUHQWLDO HTXDWLRQV� V\PEROLF

FRPSXWDWLRQ� VWRFKDVWLF VLPXODWLRQ DQG VWDWLVWLFDO DQDO\VLV� HWF� 7KURXJK WKH VWXG\ RI WKLV FRXUVH�

VWXGHQWV DUH IDPLOLDU ZLWK 0DWODE VRIWZDUH DQGKDYH D GHHS XQGHUVWDQGLQJ RI WKH EDVLF FRQFHSWV

DQG EDVLF WKHRULHV RI PDWKHPDWLFV� LQ RUGHU WR LPSURYH VWXGHQWV
 LQWHUHVW LQ OHDUQLQJ PDWKHPDWLFV�

JLYH SOD\ WR WKHLU LQLWLDWLYH� FXOWLYDWH VWXGHQWV
 DFWLYH OHDUQLQJ VSLULW� FRPSUHKHQVLYH DSSOLFDWLRQ

DELOLW\ DQG LQQRYDWLRQ FRQVFLRXVQHVV�

̂ԋ̃

�̔ ≠ 0DWODE ᴆ ף ȁ₱ ȁ №ȁ №

ȁ ȁ № ₃ ̆ № ῒ Ȃ

�̔ ׆ ӟҬ № ⱬ̆ ‗
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̆ Ῑ ⱬ ⇔ Ȃ

�̔ ≠ ῖ ̆ Ῑ∆ ̆

№ ȁ Ȃ

�̔ ῏ ̆ ᵬ̆№ ῏ ̆ҹ

ׂ ῀ ᵬ ᵝ ᵬ ̆ Ҭ Ὲ ȁ

Ḥ ↕ ҙ Ȃ

̂҈̃ ҙ ῏

ҙ ҙ

�

��� Ḥ ҍ

Ғҙ ̆ ⌠

№ ̆ῒҬ

№ ҍ ȁ ȁ

ṿ Ȃ

�� ̔ ȁḤ ҍ

ȁ ҍ ̆ ȁ № ȁ ᴆ ȁ

ᵀ ̆ ȁ№ ‗ ҩ

ҙ ⌠ Ḥ Ҭ ̆ΐ

ⱬȂ

�

��� ≠ Ḥ ҍ

֜

№ Ȃ

�� ⇔ ̔ Ḥ ҍ Ғҙ ҉̆

№ ȁ ᴆ ȁֲ Ғҙ ̆

֜ ̆ ֜ №

̆ ̆ΐ ⇔ Ȃ

�

��� ≠ ֲ̆

ȁ ף

Ḥ ΐ̆

№ ҍᴏ ̆ ‗

Ȃ

�� ̔ ԍ Ḥ ҍ №

ȁ ȁ ̆

ȁ № ̆ ֲ̆ ȁ

ף Ḥ ΐ̆ № ҍᴏ ̆

‗ Ȃ

�

��� ҙ

̆ ᴋ̆ Ḥ

ȁ Ȃ

�� ҙ ̔ΐ ȁ

ẫῃ ֲ ȁֲ ᴪ Ῑȁ ᴪ ᴋ ̆ Ḥ

ҍ Ҭ ҙ ̆

ᴋȂ

҈ȁ ῤ ȁ ҍ №

ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

ѿ 0DWODE῀

̂�̃0DWODE ׃

̂�̃

̂�̃ ῒ

̂�̃ ұȁᾝ

0DWODE

ᵬȂ

0̔DWODE

ᵬ

ᾝ̔

� ҉ �ȁ�

ԋ 0DWODE ҍᵬ

̂�̃

̂�̃ᵬ

̂�̃ ꜛ ᴆ

0DWODE

₱

└ Ȃ

0̔DWODE

₱ └

0̔DWODE

� ҉ �ȁ�
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ῤ ӟ ȁ

̂

ȁ ȁ҉

ȁ ̃

҈ ף

̂�̃ ̔ ף

̂�̃ ף 0DWODE פ

̂�̃ ̔

̂�̃ ̔ ῀֟₮№

ᴰ

≠ 0DWODE

ף ῏

Ȃ

̔≠ 0DWODE

ף

̔≠ 0DWODE

� ҉ �ȁ�ȁ�

₱

̂�̃ ̔ ȁ ṿ ԋ

ӗ

̂�̃₱ ȁ ṿ ԋӗ

0DWODE פ

̂�̃ ̔ ף

̂�̃ ̔ ≠

ᶃ

≠ 0DWODE

̂ ̃

ȁ ₱ ṿ

Ȃ

̔≠ 0DWODE

̂ ̃ ȁ

₱ ṿ

̔ ף

� ҉ �ȁ�ȁ�

ԓ №

̂�̃ ̔ №

̂�̃ ṿ №0DWODE פ

̂�̃ ̔ ṿ №

̂�̃ ̔

≠ 0DWODE

№ ṿ

Ȃ

̔≠ 0DWODE

ṿ №

̔≠ 0DWODE

ṿ №

� ҉ �ȁ�ȁ�

Έ №

̂�̃ ̔ №

̂�̃ № 0DWODE פ

̂�̃ (̔XOHU ↨

̂�̃ ̔

≠ 0DWODE

№

̂ ̃ ṿ Ȃ

̔≠ 0DWODE

№

̔(XOHU ↨

� ҉ �ȁ�ȁ�

҂ 0DWODE

̂�̃

̂�̃ ₱

̂�̃ №

̂�̃ №

̂�̃Ḃ ₱ ᵬ

̂�̃ 0XSDG

̂�̃ ῀ ̔ ҍ

≠ 0DWODE

№ȁ

ȁ №

ȁḂ ₱ ᵬ Ȃ

׆

ӟ ῐ ̆

Ῑ ⇔

ⱬȂ

̔≠ 0DWODE

№ȁ ȁ

№ ȁḂ ₱ ᵬ

̔

0XSDG

� ҉ �ȁ�ȁ�

ῇ №

̂�̃ ̔

̂�̃ 0$7/$% פ

̂�̃ ̔ ̂0RQWH &DUOR

̃

̂�̃ ̔ ᴆ

̂�̃ ῀ ̔ ҍ

≠ 0DWODE

№ ῏ Ȃ

׆ ԍ

ԍ

̆

ӟ ̆ Ῑ

ᵬ Ȃ

̔≠ 0DWODE

№ ῏

̔ 0RQWH

&DUOR

� ҉ �ȁ�ȁ�
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ȁ ᴇ

ץ ҹҺ ץ̆ ⱬҹ

ῤ Ȃ

̂ѿ̃

ҹ Ȃ

Ȃ

̂ԋ̃

ӟ ҍᵬҙ ̆ ���Ȃ

���Ȃ

1.

̂�̃ №ҹ ���№̆ ���

̂�̃ ̆ ӟ ҍᵬҙ ̆ ���Ȃ ӟ

אל₮ ’ȁ ’ȁ ҍ ’ ̆ᵬҙ ᵬҙ ’

Ȃ

̂�̃ ̔ ̆ ���№̆ ���Ȃ

̂�̃ ᶭ ̔ № ‰ Ȃ

̂�̃ ̔ ȁ ȁ Ȃ

̂�̃ ῤ ̔ �Һ ≠ 0DWODE ף ȁ₱

ȁ №ȁ № ȁ ȁ ȁ № ῒᵬ

Ȃ

2. ҍ ᴇ

ᶛ̂ î���� ¦���̃

̂���̃

̂���̃ӟ ̂���̃ ᵬҙ̂���̃

� � � �� ��

� � � �� ��

� � � �� ��

� � � � �

� ̃ �� �� �� ���
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ԓȁ

ҍ҉ Ȃ ̆

ῤ ץ Ԋ Ȃ ҉ ץ̆ ҹҺ ҹ ̆ᶏ

Ȃ

Έȁ

�� 0$7/$% ̂ ԋ ̃̆ Һ ̔ ╤ȁ ̆ ₮ ̆���� � �

�� ̂ ԓ ̃̆ Һ ̔ ȁ ȁ ḍ̆ ₮ ̆���� � �

�� ҍ ̂ ԓ ̃̆ Һ ̔ ȁᵖ ̆ ₮ ̆���� � �

Һ ֲ̔ ᾣ

ֲ̔↔ ȁ

̔

◐ ̔

̔���� � �
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ᴆ̔ ҍ ᴇ ‰

1. ӟ № ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖��̃ ̂��Ů№ ̖��̃

Ҍ

̂№ ���№̃

�

̂���̃

ӟ Һꜚ̆

̆אל₮

̆

Ȃ ≠

0DWODE ᴆ

ף

₃

Ȃ

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

≠

0DWODE ᴆ

ף

₃

Ȃ

ӟ Һꜚ̆

̆אל₮

̆

Ȃ ≠

0DWODE ᴆ

ף ₃

Ȃ

ӟҺꜚҌ ̆

̆אל

̆

’ѿ Ȃ≠

0DWODE ᴆ

ף

₃

Ҍ

ᾟ№Ȃ

ӟҌҺꜚ̆

Ҥאל ̆

Ҍ

Ȃ ≠

0DWODE ᴆ

ף

₃

Ȃ

�

̂���̃

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

‗ ̆ΐ

ᴨ

ⱬ ⇔

Ȃ

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

‗

̆ΐ

ⱬ ⇔

Ȃ

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

‗

ΐ̆

ⱬ

⇔ Ȃ

ӟҺꜚҌ ̆

̆אל

Ẽ̆

Ȃ

‗

Ҍ

ᾟ№̆

ⱬ ⇔

Ȃ

ӟҌҺꜚ̆

Ҥאל ̆

Ҍ

Ȃ

‗

Ȃ

�

̂���̃

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

≠ ῖ

̆

№ ȁ

Ȃ

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

≠ ῖ

̆

№ ȁ

Ȃ

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

≠ ῖ

̆

№ ȁ

Ȃ

ӟҺꜚҌ ̆

̆אל

Ẽ̆

Ȃ≠ ῖ

Ҍ

ᾟ№Ȃ

ӟҌҺꜚ̆

Ҥאל ̆

Ҍ

Ȃ≠ ῖ

Ȃ

�

̂���̃

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

̆

ᵬ̆ ‗

Ȃ

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

̆

ᵬ̆ ‗

Ȃ

ӟ Һꜚ̆

̆אל₮

̆

Ȃ

̆ ᵬ̆

‗ Ȃ

ӟҺꜚҌ ̆

̆אל

Ẽ̆

Ȃ

̆

ᵬ̆ ‗

Ҍ ᾟ№Ȃ

ӟҌҺꜚ̆

Ҥאל ̆

Ҍ

Ȃ

̆

ᵬ̆ ‗

Ȃ
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2.ᵬҙ ᴇ ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

̂���̃

֜ᵬ

ҙ̆

̆

ȁ

̆ № ̆

Ȃ

≠ 0DWODE ᴆ

ף

₃

Ȃ

֜ᵬ

ҙ̆

ȁ

̆

Ȃ

≠ 0DWODE

ᴆ ף

₃

Ȃ

֜ᵬ

ҙ̆

ȁ

̆

Ȃ

≠ 0DWODE

ᴆ

ף ₃

Ȃ

֜ᵬ

ҙ̆

ȁ

̆

Ȃ≠

0DWODE ᴆ

ף

₃

Ҍ

ᾟ№Ȃ

Ҍ ֜

ᵬҙ̆

̆

Ҍ ̆

Ҍ Ȃ≠

0DWODE ᴆ

ף

₃

Ȃ

�

̂���̃

֜ᵬ

ҙ̆

̆

ȁ

̆ № ̆

Ȃ

‗

̆ΐ ᴨ

ⱬ

⇔ Ȃ

֜ᵬ

ҙ̆

ȁ

̆

Ȃ

‗

̆ΐ

ⱬ ⇔

Ȃ

֜ᵬ

ҙ̆

ȁ

̆

Ȃ

‗ ̆ΐ

ⱬ ⇔

Ȃ

֜ᵬ

ҙ̆

ȁ

̆

Ȃ

‗

Ҍ ᾟ№̆

ⱬ

⇔

Ȃ

Ҍ ֜

ᵬҙ̆

̆

Ҍ ̆

Ҍ Ȃ

‗

Ȃ

�

̂���̃

֜ᵬ

ҙ̆

̆

ȁ

̆ № ̆

Ȃ

≠ ῖ

̆

№

ȁ Ȃ

֜ᵬ

ҙ̆

ȁ

̆

Ȃ

≠ ῖ

̆

№ ȁ

Ȃ

֜ᵬ

ҙ̆

ȁ

̆

Ȃ

≠ ῖ

̆

№ ȁ

Ȃ

֜ᵬ

ҙ̆

ȁ

̆

Ȃ≠

ῖ

Ҍ ᾟ

№Ȃ

Ҍ ֜

ᵬҙ̆

̆

Ҍ ̆

Ҍ Ȃ≠

ῖ

Ȃ

�

̂���̃

֜ᵬ

ҙȂ

̆

ᵬ̆ ‗

Ȃ

֜

ᵬҙȂ

̆

ᵬ̆

‗ Ȃ

֜

ᵬҙȂ

̆ ᵬ̆

‗

Ȃ

֜

ᵬҙȂ

̆

ᵬ̆ ‗

Ҍ

ᾟ№Ȃ

Ҍ ֜

ᵬҙȂ

̆

ᵬ̆ ‗

Ȃ
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3. ҍ ᴇ ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

̂���̃

≠ 0DWODE

ᴆ

ף ₃

Ȃ

≠

0DWODE ᴆ

ף

₃

Ȃ

≠

0DWODE ᴆ

ף

₃

Ȃ

≠ 0DWODE

ᴆ ף

₃

Ҍ ᾟ№Ȃ

≠ 0DWODE

ᴆ ף

₃

Ȃ

�

̂���̃

‗

̆ΐ ᴨ

ⱬ

⇔ Ȃ

‗

≠ ȂEŸ+_ Aö �Ä

!å

‗ Ҍ≠ Ȃ
�=

�O


8

P¼

+_

Aö!å

�ã

+X� 

�–�Ä

Aþ�h!å� 

�–�{

�ˆ X

 Lî �Ä

�

�̂�

ഠ

䳮

Ǆ

ף 7- �O 'Ï EŸ �& 'Ï !å �& 'Ï �  �& 'Ï

̾ Ȃ

�–,´ 5, 
8 �O 'Ï AðQ��ã�Y + AðQ��ã�Y +

�PO !åôAþ�T€ )à .� 5, 
8�{�O '!å�{��Y

�{���Y �Y �{�•€ô�{� 5, 
8ôU '!� �{ !å ��Y �{ �O �u �6

+X 5, 
8ôU '!� �{ !å��Y �{
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8.4 11014004ȇ Ȉ ӟ̂ ̃

ѿȁ Ḥ

Ḥ

Ҭ

&XUULFXOXP 'HVLJQ RI 0DWKHPDWLFDO 0RGHOLQJ

�������� �

№ � ӟ �

Ғҙ Ḥ ҍ ᾢḱ

ҍ
ץ ץ̆ ҹ ΐ̆ ѿ ᴆ Ҋ̆ ‗ΐ

̆ ץ̆ ᵌ ᴪ

̆ҍ ֜ Ȃ

ӥ ȁᵖ ̆ȇ ҍ Ȉ̆ � ̆ ₮ > @ >Ś @

ԋȁ Coursê׃ Descriptioñ

̂ѿ̃ ’

ȇ Ȉ ȇ Ȉ ̆ Ῑ ‗ΐ

ᵬ Ȃ ӟ� ԅ ∆

ȁ ῏ ץ̆ ⱬ̆ Ώ₮ ҹ

̆ΐ ѿ ᵬ ̆ ֜ ⱬȂ

ȇ &XUULFXOXP 'HVLJQ RI 0DWKHPDWLFDO 0RGHOLQJȈ LV D SUDFWLFH FRXUVH DVVRFLDWHG ZLWK

ȇ0DWKHPDWLFDO 0RGHOLQJȈ � ZKLFK LV DQ LPSRUWDQW FRXUVH WR FXOWLYDWH XQGHUJUDGXDWH VWXGHQWV


ZRUNLQJ VNLOOV LQ VROYLQJ SUREOHPV ZLWK SUDFWLFDO EDFNJURXQG� 7KURXJK WKH VWXG\ RI WKLV FRXUVH�

VWXGHQWV ZLOO LQLWLDOO\ PDVWHU WKH UHOHYDQW WKHRULHV DQG PHWKRGV RI PDWKHPDWLFV DQG VWDWLVWLFV

FRPPRQO\ XVHG LQ PDWKHPDWLFDO PRGHOLQJ� DV ZHOO DV WKH DELOLW\ RI DOJRULWKP SURJUDPPLQJ� ZULWH

PDWKHPDWLFDO PRGHOLQJ SDSHUV LQ D VWDQGDUGL]HG IRUPDW� DQG KDYH D FHUWDLQ VHQVH RI WHDPZRUN DQG

DFDGHPLF FRPPXQLFDWLRQ DQG H[FKDQJH DELOLW\�

̂ԋ̃

�̔ ∆ ȁ ҍ ̆ ᴨ ȁ №

ȁ ȁ ҍ ̆ ѿ֓ ‗ ҹ

̆ ∆ № Ȃ

�̔Ṣꜛԍ ̆ 0$7/$% ᴆ̆ ҉

̆ ῏ ҹ ṿ ̆

῏ ᴆ Ҋ̆ № ҹ ṿ ԇ∆ № Ȃ
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�̔ ΐ ̆ Ғҙ ̆

ꜚ̆ № ȁ Ẋ ȁ ȁ ȁ № ȁ ȁ

ᴇ ̆ӥΏ ̆ ᴪ ֜ ̆ ΐ ‗

ⱬ̆ ᵬ ⱬ̆ץ ⱬȂ

�̔ΐ Ⱶ ȁ ȁ ̆ΐ ҹ ף

ֲ ⱬȂ̂ ̃

̂҈̃ ҙ ῏

ҙ ҙ

�
��� Ḥ ҍ Ғҙ ҉̆ ȁ ȁ

ᴆ Ғҙ ̆ ֜ Ȃ
�� ⇔

�
��� ≠ Ḥ ҍ № ȁ ȁ

№ ̆ ẫ № ̆ № Ȃ
��

�

��� Ҋ ץ Ҍ ҍ ̆

ҍῒז ̆ ᵬ῍ԊȂ

���� Ḥ ҍ Ҭ ҍ ‗ ̂

ȁ Ȃ̃ ԍ ҙ ̆ ⌠ ῃȁ

ⱷ ▲҉ Ȃ

�� ҩֲ

���

҈ȁ ῤ

ῤ

ᴨ

῀ ̔ ᴨ ᴨ̆

ᴨ̆ Ҭ ῀ Һӈȁ ȁ

ᴋ ᶏ ᾝ ̆ Ῑ ȁ ȁּׂש

ԍ⇔ ȁ ץ ⇔ ҹ ף ̆

Ⱶֲ ȁ ᴪ ֲ Ȃ

� ᶛ � � �̆ �̆

№

῀ ץ̔ ľ   Ŀҹ℗῀ ̆

Ῑ ᵣҺӈ Ȃ ╠

№ ̆ ↓ ̆ ȁ

ȁ Ḥ ̆ ῀̆

‗ ̆ ҺӈḤᴀȂ

� ᶛ � � �̆ �̆

῀ ̔ ȁ

Ԋ ̆ Һӈ ̆ ᴇṿ Ȃ

� ᶛ � � �̆ �̆

Ώ

῀ ׆̔ Ḥ ̆ Ῑ ȁ

Ḥ ḱῙȂ

� ᶛ � �̆�
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ȁ

֟ ӟ ӟ ҹ ȁ ӟ ӟ

’ №̆ №ῤ ᶛ ’ Ȃ

̂ №└̃ ҉ץ №ῤ ̂ ԓ῀ ̃̆ ������№ҹᴨ ̆

�����ҹ ̆�����ҹҬ ̆�����ҹ ̆ ԍ ��ҹҌ ∞ Ȃ

ҍ ᴇ

ᶛ

̂���̃

ӟ

̂���̃ ̂���̃

� � �� �� ��

� � �� �� ��

� �� �� �� ��

�� �� �� ���

Һ ֲ̔↔

ֲ̔ ȁ

̔

̔

̔���� � �

ᴆ̔ ҍ ᴇ ‰

1. ῤ № ‰

ῤ

№ ‰

������№ �����№ �����№ �����№ ���№

�

ӟ

̆אל

ᵬ

ῃאל

ӟ̆ ӟ

Ҭ̆ ῒז

ᵬ

ᵬ̆

ᵬ Ȃ

҉ ῃ

אל ӟ̆

ӟҬ̆ ῒז

ᵬ

ᵬ̆

Ҭᵬ Ȃ

№

ӟ̆

ӟҬ̆ ῒז

ᵬ

ᵬ̆

Ҭ ᵬ

Ȃ

№

ӟ̆

ӟҬ̆ ῒ

ז ᵬ

ѿ Ȃ

Ҍ

ӟ̆ ӟҬ̆

Ҍ ῒז

ᵬ

ᵬ̆

Ҭ

ᵬ Ȃ
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8.5 55099003ȇ ҙ ̂ Ȉ̃

ѿȁ Ḥ

Ҭ ̔ ҙ ̂ ̃

̔7KH *UDGXDWLRQ 'HVLJQ �7KHVLV�

�������� № �� ̂ ̃ ��

Ḥ �

Ғҙ Ḥ ҍ ֲ ↔

ԋȁ ׃

̂ѿ̃ ’

ҙ ̂ ̃ ⅞ №̆ ӟ ѿҩ

Ȃ ҙ ̂ ̃ ⱴ ╠ ̆ ↕̆ Ῑ

№ ‗ ⱬȂ Ҋ̆ ҙ ̆

Ḥ ҍ Ғҙֲ Ῑ ̆ῃ Ḥ ҍ Ғҙֲ Ȃ

7KH JUDGXDWLRQ GHVLJQ �7KHVLV� LV DQ LPSRUWDQW SDUW RI XQGHUJUDGXDWH WHDFKLQJ SODQ� DQG LW LV

WKH ODVW WHDFKLQJ VWDJH IRU VWXGHQWV WR VWXG\ DW VFKRRO� *UDGXDWLRQ GHVLJQ �7KHVLV� ZLOO FRQVROLGDWH

DQG GHHSHQ WKH WKHRUHWLFDO NQRZOHGJH LQ WKH SUHYLRXV VWDJH� LPSOHPHQW WKH WHDFKLQJ SULQFLSOH RI

FRPELQLQJ WKHRU\ ZLWK SUDFWLFH� DQG FXOWLYDWH VWXGHQWV
 DELOLW\ WR DQDO\]H DQG VROYH SUREOHPV�

8QGHU WKH JXLGDQFH RI WHDFKHUV� VWXGHQWV ZLOO FRPSOHWH WKH FRPSUHKHQVLYH WUDLQLQJ RI JUDGXDWLRQ

GHVLJQ SUDFWLFH� DFKLHYH WKH WUDLQLQJ JRDO RI LQIRUPDWLRQ DQG FRPSXWLQJ WDOHQWV� DQG

FRPSUHKHQVLYHO\ LPSURYH WKH FRPSUHKHQVLYH TXDOLW\ RI GHVLJQ WDOHQWV�

̂ԋ̃

�̔ ҙ ̂ ̃ ȁᴋⱵ ̆ ȁ ῤ

ȁ ℮ȁҒ≠ ̕ Ғҙ ̆ Ḥ ҍ ῏

ᶛ № ̕ ľ � Ŀ ₮ ᶛ Ҭ Ȃ

�̔ ‗ ̆ ̆

Ȃ

�̔ΐ ⱬ̆ ᴪ ᵥ≠ ῏Ғҙ №

Ȃ

�̔ Ώ ̆ΐ ῏ ץ̆ ȁ ȁ

̆‰ ̆ №̆ ҍҙ ᴪῈᴧ֜

Ȃ
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ȁ ҙ ̂ ̃

̂ѿ̃

ᾢ̆ ҙ ̂ ᶏ̃ Ҭ ľ Ŀ ̆

⌠ ̆ ԍ ��� ⱴ ̆ң ҹҌ

̆ ⱴ Ȃ

̂ԋ̃ ҍ ᴇ

ҙ ̂ ̃ ȁ ҙ ҈ № ̆

҈ № ᶛҹ �ŧ�ŧ�Ȃ

1. ᴇ ̂ 40%̃

ῤ ̂ ̔ ȁ ̃ №ṿ

� ӈ̆ ף ȁ Ȃ ��

� Ȃ ��

� Ȃ ��

2. ᴇ ̂ 20%̃

ῤ ̂ ̔ ̃ №ṿ

�
’̆ ӈȁ ᵬ ̆

ⱬ̆ ӥΏ Ȃ
��

3. ̂ 40%̃

ῤ ̂ ̔ ̃ №ṿ

�
’̆ ӈȁ ᵬ ̆

ⱬ̆ ӥΏ Ȃ
��

� ȁ ȁ ‰ Ȃ ��

4.

̂ №└̃

� �� � � ��

� �� � � ��

� �� � � ��

� � �� �� ��

� � � �� ��

̂ ̃ �� �� �� ���
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̂҈̃ Ⱳ ᶭ

ҙ ᴨ ȁ ȁҬȁ Ҍ ԓ №└ №̆ ץ ᵣ

ȂῒҬᴨ ֲ ᶛѿ Ҍ ���̆ᴨ Ҍ ��� Ȃ

ᴨ Ҭ Ҍ

№ṿ �҉ץ№� �����№ �����№ �����№ Ҋץ№��

ԓȁ ҙ ̂ ̃

ҙ ̂ ̃ ₮̆ Ғҙ ᴪ ȁ ̆ ̆

Ғҙ ╠ Ҋ̆ ꞉ ⌠ᴑҙ ҙ ̆ ꞉ ᴑ Ȃ

ҙ ̂ ̃ ↕

̂�̃ Ғҙ Ῑ ̆ ѿ ̆ Ғҙ

Һ ῤ ̆ᶏ ⌠ ῃ ̕

̂�̃ ԍ ֟ȁ ̆ ᴇṿ̕

̂�̃ ̆ ꞉ ȁ ֟ ̆

↕̆ᶏ ⇔ ⱬ №ᾟץ ̕

̂�̃ ᵬ Ғҙ Ῑ ̆ ΐ ᴆ̆

ᶏ ꜜⱬ ῤ ᴋⱵ̕

̂�̃ ҙ ֲѿ Ȃ

Έȁ

҉̔KWWS���VKRXJWP�\L]KDQLQIR�FRP�ORJLQ�DVS[

Һ ֲ̔↔

ֲ̔

���� � �
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ᴆ̔ ҍ ᴇ ‰

1. № ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

ΐ

ⱬ̆

̆

‰ Ȃ

ΐ ѿ

ⱬ̆

̆

‰ Ȃ

̆

̆

‰ Ȃ

ѿ ̆

̆ᵖ

Ҍ

‰ Ȃ

Ҍ ̆

Ҍ

‰ Ȃ

�

ȁῃ ȁ

ҍ

ҙ ̂ ̃

῏ ̆

₮

№ ‗

ⱬȂ

ȁῃ ȁ

ҍ

ҙ ̂

̃ ῏

̆ΐ ѿ

№

‗

ⱬȂ

ȁ ҹ

ῃ ҍ

ҙ ̂

̃ ῏

̆ №

‗

ⱬѿ

Ȃ

ȁ ҹ

ῃ ҍ

ҙ ̂

̃ ῏

̆ᵖ №

‗

ⱬ

Ȃ

Ҍ ȁ

ҍ

ҙ ̂

̃ ῏

̆Ҍΐ

№

‗

ⱬȂ

�

ΐ

ⱬ̆

῏Ғҙ

ῃ №

Ȃ

ΐ ҹ

ⱬ̆

῏Ғҙ

ҹῃ №

Ȃ

ΐ ҹ

ⱬ̆

῏

Ғҙ

№

ⱬѿ Ȃ

῏Ғҙ

№ ̆

ѿ

Ȃ

Ҍ

῏Ғҙ

№

Ȃ
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2. ᴇ ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

ᴋ

Ⱶӥ ᴋ

Ⱶ̕

Ғҙ

̕ ̆

ȁ№

ȁҤ ̆

̕

ᵬ ⱬ ̆

ᵬ Ҥ ̕

ҙ ̂ ̃

⌠

̆ Ȃ

ᴋⱵӥ

ᴋⱵ̕

Ғҙ ̕

̆ ȁ

№

̆ ̕

ѿ

ᵬ ⱬ̆

ᵬ ̕ ҙ

̂ ̃

ѿ Ȃ

ᴋⱵӥ

ᴋⱵ̕

Ғҙ

҉

̕ ѿ

ᵬ ⱬ̕

ҙ ̂ ̃

ѿ Ȃ

ꜛҊ̆

ᴋ

Ⱶ̕ ᵬ

ⱬ ғ̕ ѿ

֓ ȁ

̕

Ғҙ

Ҭ̆

↕ ̕

ȁ

̕ ȁ№ ȁ

̕

ҙ ̂

̃ ⌠ԅ

Ȃ

ᴋ

Ⱶӥ ᴋ

Ⱶ̆

̕

Ғҙ Ҭ₮

Ҍ

↕ ̕

ȁ№

ȁ

ᵬҬ̆

ᵬ ⱬ ̕

ҙ ̂ ̃

⌠ ᵞ

Ȃ

3. ᴇ ‰

ᴨ

̂№ ���№̃
̂��Ů№ ̖

��̃

Ҭ

̂��Ů№ ̖

��̃

̂��Ů№ ̖

��̃

Ҍ

̂№ ���№̃

�

̆

ᾟ№̆

̆

ѿ̆ ῃ̆

ȁ

Ȃ

̆

̆

̆

ȁ

ȁ Ȃ

̆

ᵖ ҩ≢

̂ Ҍ

̃̆

ȁ

̆p ѿ

Ȃ

̆

ᵖ Ҍ

̆

ȁ ֓₮

῀̕ Ҍ

̆ ᵬҌ

̆ ҩ≢

Ȃ

Ҍ

̆ ̕

Ҍ ῃ

↕

Ȃ

�

̆ ̆

̆

̆ Һ

ȁ

῀Ȃ

̆

̆

Һ Ȃ

Һ

̆p №

Ҍ ῀Ȃ

Һ

̆

₮̆

Ȃ

Ҍ

ҙ

̂ ̃ Һ

ῤ ̆

̆

Һ

Ҍ

₮Ȃ
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8.6 88099001ȇ ӟȈ ӟ̂ ̃

ѿȁ Ḥ

Ḥ

Ҭ ӟ

&RPSUHKHQVLYH 3UDFWLFH

�������� ���

№ �� ӟ ��

Ғҙ Ḥ ҍ ᾢḱ
Ḥ ҍ Ғҙ ḱ ץ

ḱ

ҍ

ᵝ ⱴ ӟ ѿ ᴑҙ ѿ ῤ ̂ ҙ ̃Ȃ ῤ

Ғҙ ̆Һ № ᵬ̕ ׆ ֲ ᵝ ᴋ

̆ ᵬ Ȃ ̆ ӟ ῃ

Ȃ

ӥ > @ > @

ԋȁ Coursê׃ Descriptioñ

̂ѿ̃ ’

ӟ ѿҩ № ̆ Ῑ ‗

ⱬ ꜚ ⱬΐ ᵬ Ȃ ӟ̆ ᶭ ̆ ҍ֟

̆Ҍֽ ץ ̆ № ‗ ̆

Ῑ ᵬ ̆ ֟ ᴪȁ ̆ Ῑ

Ȃ ̆ ӟ Ώ ̆ᶏ ΐ ∆ Ώ ⱬ̆

ⱬȂ

&RPSUHKHQVLYH SUDFWLFH LV WKH ODVW YHU\ LPSRUWDQW SUDFWLFDO WHDFKLQJ OLQN LQ XQGHUJUDGXDWH

HGXFDWLRQ� ZKLFK SOD\V DQ LPSRUWDQW UROH LQ FXOWLYDWLQJ VWXGHQWV
 SUREOHP�VROYLQJ DELOLW\ DQG

SUDFWLFDO DELOLW\� 7KURXJK WKLV LQWHUQVKLS� VWXGHQWV FDQ GLUHFWO\ SDUWLFLSDWH LQ WKH SURGXFW GHVLJQ

DQG GHYHORSPHQW SURFHVV E\ UHO\LQJ RQ DFWXDO SURMHFWV� 7KH\ FDQ QRW RQO\ XVH WKH NQRZOHGJH WKH\

KDYH OHDUQHG� DQDO\]H DQG VROYH SUDFWLFDO SUREOHPV E\ YDULRXV PHDQV DQG PHWKRGV� EXW DOVR

FXOWLYDWH WKH VHQVH RI WHDPZRUN� $W WKH VDPH WLPH� WKH\ FDQ XQGHUVWDQG WKH LPSDFW RI WKH DFWXDO

SURGXFWLRQ SURFHVV RQ VRFLHW\� ODZ DQG PDQ\ RWKHU DVSHFWV� DQG FXOWLYDWH WKH FRQFHSW RI

VXVWDLQDEOH GHYHORSPHQW� ,Q DGGLWLRQ� WKURXJK WKH ZULWLQJ DQG GHIHQVH RI WKH LQWHUQVKLS UHSRUW�

VWXGHQWV FDQ KDYH SUHOLPLQDU\ GRFXPHQW ZULWLQJ DELOLW\� GHIHQVH DQG FRPPXQLFDWLRQ DELOLW\�
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̂ԋ̃

�̔ᶭ ӟ ̆ ̆

ῃ ̆ ̆ № Ȃ

�̔ Ҋ̆ ӟ └ ȁḤ ҙ ᵬ ᵝ

̆ΐ ҙ Ῑ̕ ⌠ ῏ └ ȁ ᴆ

ꜚ ̆ ֓ ֟ ꜚҬ Ḡ Ȃ

�̔ ӟ ₮ ‗ ̆ Ώ Ғҙ ӟ

̕ ΐ̆ ≠ ȁ ץ ҍ ҍ֜ ⱬȂ

�̔ԅ Ḥ Ҭ ꜚ ̆ΐ Һ ӟ

Ғҙ ⱬ̆ΐ ᵝȁ ӟȁⱵ ⇔ ȁ ᴋ Ȃ̂
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