
⢆䱆卵䇞⪢ⳳ㜂ⳳ柝尙孻ⳳ䦏䯱㎻

䨤⩦屑㜂
*UDGXDWH ,QVWLWXWH RI /LQJXLVWLFV

&ROOHJH RI /LEHUDO $UWV

1DWLRQDO 7DLZDQ 8QLYHUVLW\
0DVWHU 7KHVLV

㏴徝徝尙㜔〦ῆふ僩厂㍄䚣

377 &RUSXV� &RQVWUXFWLRQ DQG $SSOLFDWLRQV

␄亏䣺

7VXQ�-XL /LX

㒂ⶉ㛔㔃薷岘厍⍬ⓕ⩦

$GYLVRU� 'U� 6KX�.DL +VLHK

ᾨ啪㶌⢆ ��� �㢃
6HSWHPEHU� ����



卯岘

欑⋃薩㎌嫼㊚岘䛱⎘懳㎌憭℁䟿㛔㔃 ± 垂兼⾦ҳ㷚兼⾦ҳ▽兼

⾦ҳ欩兼⾦Ҵ岘岘⃛仡㎌憔ↆ㯚㡾崎㎌⢣卵⪢尙孻㎻ⶬ峻薩㎌ⶂ㶳

懛卵⪢尙孻㎻䈵㬩Ҵ㊚岘▽兼⾦薩桑䊱㎌ᾈ㞪㈣䟿㒂ⶉⳳ䚚薩㈣⓶

侸㞪ᾈ▘❂仡㎌㕋№␤薩㊚䄻ῆ㉀薩ⵡ棙ᾄ孻⋤尙剸⪛ポⴴҴ柟㳟

ῆ⪑薩㎌嫼㊚岘㎌䚚◸ᾨ䟿帯‵ ± 岘厍⍬兼⾦Ҵ㎌䥠懎㎌ᾈ㞪ύↆ⪥

㢄乻ㄆ╅嬊⏾䟿ⳳ䚚薩㉮ㅀ⾳⾳䈵兼⾦⾱℁⡫㙹厂䊜⫃薩兼⾦⓶㶳

懛炎⑰⁞㡺㒂帧薩冇ᾏ侸㞪㚪㑼㎌㉮嫼⇕䟿 ㉀Ҵ⢣憔ῆᾨ薩㎌

⾱仡兼⾦⪕⡫㙹厂䊜⫃薩Ὶ⡛䈵兼⾦䟿ᾈ┨⋱䋤薩㎌嗒ⵡⳳ⎫ 

ᾈⶌ㏻剸薩ᾏ憔‖╪剸㞪╪⃗䈵㎌䎹ㄇ⢣⪑㏎㑕䟿⽠⋲Ҵ柟 䦏䯱薩

兼⾦‡⢣㎌䟿䚚㺶ᾅ㕋№ 宬⪕帯㊊嬆╅伎毒⎁…薩兼⾦ⶈ㜷㎌

ⶬ≊㞪㢆╆薩▇㞽‡䈵⋀䁺㟵㋢䟿曲冀薩㎌䢚䟿⿳懆剸⪛彚嗒

兼⾦⇕ ㉀薩岘岘兼⾦薞㡻ㄇ薩岘岘ύ彪㚪㑼㎌䟿㢆╆Ҵ⃮楮☇䂹

± ⃛ⶈ㎌℁尥ⶬ㞪ↆ䀦㠑䟿⪥柸薩㎌㶳懛ᾈ㡾ㅓ宓㎌⢣⢆⪑喸桞㞽

⃛仡㎌䟿ⴄ㋫厂炎⑰薸⁑╞☇₅欩 ± 岘岘⬮⾳⾳凸㎌尥ύ‖㝝䊜

凅⡄❡╃⌒曲䟿㛀 薩ㄙ⬮戞戅㎌ㄒ⎫ ⪕䟿ㅦ㭽薸ⴄ₪ ± 桑䊱

⾳⾳朆⬮䔤䲌薩㞪ⶈ㜷⬮䟿䦏䯱丹䫙厂ⶈ㢆╆䟿㋲㋣薩㎌⋱ⵡ灙䁯

⢣ㄾ薸䛱䊱薩㡻捈嫼䟿薩岘岘㊖䷮不 ± 懂嬆 ⬮薩‵䚚㚴崅宬⪕薩Ὶ

㎋曲ᾈⶌҴ⬮䟿⢫㜴侸㞪㡻䌬沢䟿⢫㜴薩㞪⪢ⴱ䟿朆ㄾ㤗薩㞪䲌㤗䟿

⅘峄薩㢄⬮⢣薩㶳懛ᾈ㆐⌲⦯Ҵ懿㢄岘岘 /23(56薩ⶊ゚㎌㬩⿳剸

⪛彚⪢ⴱ⋬ 薩岘岘⪢ⴱҴ

L



ᾨ㜂㗓嫼

慌℁薩尙㜔〦䈵㢧厂尙㜔〦毀ῆ䦏䯱㊃℁㊃╒⎫杗㹣厂捈嬑Ҵ

⢣╫䇞啪尙ᾨ薩ᾨ⪩䦏䯱柝姜尙㜔〦 �&KHQ HW DO�� ����� ╅ᾨ㜂Ⓖ

≿寙尙㜔〦 �+XDQJ HW DO�� ����� 䈵䛱⁅⋤ↆ㡻娦ぞ㹖䚣䟿尙㜔〦Ҵ䊱

冇薩憔‖尙㜔〦ᾡᾈ㞪ⴇ⋣㸍㢄柋⎱Ҵ⢣尙㜔䟿扣⁸薩憔‖尙㜔〦⪢

⪕⽭伎⇗㳝㡯㜫㎑ⶕ㢥㡯㜫薩Ὶⶬ㞪尥薩憔‖幂㜔〦⽭伎䊜㹐ⴇ⋣⓮

㞽╈㍄䛱⁞╫䇞啪尙䟿䚣䐻㸼Ҵⶈ㜷䢹⪕䦏䯱冀℁尥薩⢣嘋桁㜫厃

尙㜔ᾅ㡯䚝䚚 ύⴕ䟿䮆〡䟿桞〡厂ᾈ℺ㆢҴ㳞⡛⫽㳟薩㢧䵂屑㜂

377薥㏴徝徝薦⃗䈵幂㜔℁䀋薩寡⢑ふ䱆ҽ㏴徝徝尙㜔〦Ҿ² ύↆ⋲

㢄卥嘋桁ҳ㡯㜫ҳ⎁㤋╅ㄇ埐䖁䟿㋆尙㜔〦Ҵ柟㳟ῆ⪑薩寭尙㜔

〦‡㡾㕋№ύↆ╆⛿ᾏ℺⎤䟿伭彪╫薩㕋№䦏䯱冀⃗䚣Ҵ⢣㏴徝

徝尙㜔〦ᾨ薩尙㜔䟿㜲寙㞪憊應 -VHJ ² ύↆ⎤䚣ᾨ⪩䦏䯱柝姜尙

㜔䈵宎佯⥵䪉ῆᾨ㜂㜲寙⟣ ² ㎻懏㎋Ҵ冇⢣寙ㆢ㮔家㜴棝薩⏂㞪㔜

䚣 %ULOO 7DJJHU �%ULOO� ����� ㎻䚣䟿䂏䴒㹐薩ᾏᾨ㜂╠介㭆㮴幂㜔〦

�&KHQ HW DO�� �����ᾨ乿唦ύ喧ᾨ㜂╠⃗䈵宎佯䟿尙㜔Ҵ㏴徝徝尙㜔〦㕋

№ 伭彪⁆棝№䦏䯱冀䚣薩ᾡ⒀▦宬⪕㦴㙕㏴徝徝尙㜔㎻䟷ⷐ⍵

℁䟿㍄䚣薩⋱ᾨ⒀㑧⥵㢧䟿寙尙亝ゐ⟣ �&RQFRUGDQFHU� ╅㖨拈寙㐸

║⟣ �&ROORFDWLRQ H[WUDFWRU�薩╅⋱⁑屳⫽姣㉀䲡埚⇰㾧⟣ �(PRWLFRQ
GHWHFWRU� 厂㉀位㫰ㆢ⎁槙⟣ �6HQWLPHQW SRODULW\ FODVVLILHU� 䳄䳄ῆ㍄䚣Ҵ

㡻ㄇ薩㢧䦏䯱ῆ⾇㢖⢣㏴徝徝尙㜔〦䟿ふ僩ㄇ薩⢣䕹⁞╫䇞啪尙ᾨ剸

⪛捘ⶈ㜫厃尙㜔䟿扣⎁⃗婗⋀厂㡯㜫薩ᾡᾏ㕋№ⵡ幥䟿尙㜔〦⽠⋲薩

䶜⒑幂㜔嘋桁ᾅ䟿侼䗞╅剸㢄乶们⢫⎁㤋尙㜔薩ㄒ䦏䯱冀剸㡯␛

ⶃ㹣⢣尙㜔㢧怦䟿⎁㤋厂䟷ⷐҴ

杗擰Ⳓ薷㏴徝徝ҳ㋆尙㜔〦ҳᾨ㜂㜲寙⟣ҳ寙ㆢ㮔家ҳ卵䇞啪尙

LL



$EVWUDFW

,Q UHFHQW \HDUV� FRUSXV�EDVHG DQG FRUSXV�GULYHQ VWXGLHV DUH JHWWLQJ FRQ�

VLGHUDEOH DWWHQWLRQV� ,Q 7DLZDQ 0DQGDULQ� WZR RI WKH PRVW ZLGHO\ XVHG FRU�

SRUD DUH $FDGHPLD 6LQLFD %DODQFHG &RUSXV �&KHQ HW DO�� ����� DQG &KLQHVH

*LJDZRUGV �+XDQJ HW DO�� ������ +RZHYHU� ERWK RI WKH FRUSRUD KDYH VRPH OLP�

LWDWLRQV RQ WKH VRXUFH RI WKH GDWD� DQG WKH\ KDYH QRW XSGDWHG IRU VRPH WLPH�

ZKLFK PDNHV LW GLIILFXOW WR FROOHFW PRUH UHFHQW H[DPSOHV RI ODQJXDJH XVHV�

7KHUHIRUH� WKH DLP RI WKLV WKHVLV DWWHPSWV WR HVWDEOLVK D G\QDPLF FRUSXV� 377

&RUSXV� ZKLFK FDQ DXWRPDWLFDOO\ FROOHFW� XSGDWH DQG SURFHVV GDWD IURP 377

�㏴徝徝�� DQG SURYLGH WKH DSSOLFDWLRQV ZLWK D XVHU�IULHQGO\ LQWHUIDFH IRU UH�

VHDUFKHUV� &RUSRUD DUH VHJPHQWHG ZLWK -VHJ� D &KLQHVH VHJPHQWDWRU WUDLQHG

ZLWK GDWD IURP 6LQLFD &RUSXV� DQG SDUW�RI�VSHHFK �326� WDJJHG E\ %ULOO 7DJ�

JHU �%ULOO� ������ D 326 WDJJHU WUDLQHG ZLWK GDWD WUDLQHG RQ WKH ���� VHQWHQFHV

LQ WKH 6LQLFD 7UHHEDQN �&KHQ HW DO�� ������ 377 &RUSXV SURYLGHV D ZHE

LQWHUIDFH ZLWK VHYHUDO DSSOLFDWLRQV� LQFOXGLQJ &RQFRUGDQFHU� &ROORFDWLRQ H[�

WUDFWRU� (PRWLFRQ 'HWHFWRU� HWF� 7R FRQFOXGH� HVWDEOLVKLQJ 377 &RUSXVPD\

EH RI LPSRUWDQFH LQ HQULFKLQJ WKH VRXUFH RI PRGHUQ FRUSRUD� SURYLGLQJ XVHIXO

FRUSXV WRROV� VLPSOLI\LQJ WKH DQDO\VLV RI UHFHQW ODQJXDJH XVHV DQG FKDQJHV LQ

OLQJXLVWV LQ 7DLZDQ 0DQGDULQ�

.H\ ZRUGV� 377� G\QDPLF FRUSXV, Chinese segmentator, POS tagging�
7DLZDQ 0DQGDULQ
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&RQWHQWV
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$EVWUDFW LLL

&RQWHQWV LY

/LVW RI )LJXUHV YL

/LVW RI 7DEOHV YLLL

� ,QWURGXFWLRQ �

��� 5HVHDUFK PRWLYDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 6LJQLILFDQFH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 2UJDQL]DWLRQ RI WKH WKHVLV � � � � � � � � � � � � � � � � � � � � � � � � � � �

� /LWHUDWXUH 5HYLHZ �

��� &RUSXV OLQJXLVWLFV DQG WKH ZHE � � � � � � � � � � � � � � � � � � � � � � � �

��� /LQJXLVWLF VWXGLHV DQG VRFLDO PHGLD � � � � � � � � � � � � � � � � � � � � � �

� &RPSLOLQJ WKH 377 &RUSXV �

��� ,QWURGXFWLRQ RI 377 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 0HWDLQIRUPDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 0XOWLGLPHQVLRQDOLW\ RI 377 GDWD � � � � � � � � � � � � � � � � � � � � � � ��

����� /DQJXDJH GDWD VWUXFWXUH � � � � � � � � � � � � � � � � � � � � � � ��
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����� 'DWD FROOHFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� :RUG VHJPHQWDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 0HWKRG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� (YDOXDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 326 WDJJLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 0HWKRG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� (YDOXDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� $SSOLFDWLRQV ��

��� -VHJ DQG 6HJFRP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &RQFRUGDQFHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6HDUFKLQJ LQ UDZ GDWD � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6HDUFKLQJ ZLWK &:%�&43 � � � � � � � � � � � � � � � � � � � � � ��

��� *UDPPDWLFDO FROORFDWLRQ H[WUDFWRU � � � � � � � � � � � � � � � � � � � � � ��

��� (PRWLFRQ GHWHFWRU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6HQWLPHQW SRODULW\ FODVVLILHU � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 'DWD WUDLQLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� (YDOXDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� &RQFOXVLRQV ��

$SSHQGL[ $ 7KH ZHLJKW RI VHOHFWHG IHDWXUHV ��

$SSHQGL[ % 7KH %ULOO 7DJJHU ��

$SSHQGL[ & 'HWDLOV RI 377 &RUSXV ��

$SSHQGL[ ' 3URFHGXUH RI -VHJ VHJPHQWDWLRQ ��

$SSHQGL[ ( &.,3 326 ��
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/LVW RI )LJXUHV

��� 377 ORJLQ VFUHHQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ,QWHUDFWLRQ EHWZHHQ 377 DQG SXEOLF PHGLD� 㢈帺 DV DQ H[DPSOH � � � � � �

��� ,QWHUDFWLRQ EHWZHHQ 377 DQG SXEOLF PHGLD� 儉㷚 DV DQ H[DPSOH � � � � � �

��� 377 XVHU GLVWULEXWLRQ PDS� ZRUOG � � � � � � � � � � � � � � � � � � � � � �

��� 377 XVHU GLVWULEXWLRQ PDS� 7DLZDQ � � � � � � � � � � � � � � � � � � � � � ��

��� $ KHDGLQJ RI D 3RVW � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $Q DUWLFOH RI D 3RVW � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $Q H[DPSOH RI FRPPHQWV RI 377 � � � � � � � � � � � � � � � � � � � � � � ��

��� $ ZHE LQWHUIDFH IRU -VHJ � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $Q H[DPSOH RI -VHJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $Q H[DPSOH RI 6HJFRP � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6HDUFK 7H[W SDJH RI 377 &RUSXV � � � � � � � � � � � � � � � � � � � � ��

��� &RQFRUGDQFH RXWSXW RI泪塂 � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,QWHUIDFH RI &RQFRUGDQFHU � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &RQFRUGDQFH RXWSXW RIⴀ䚲 � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &RQFRUGDQFH RIⴀ䚲 ZLWK 326 WDJJLQJ � � � � � � � � � � � � � � � � � � ��

��� 2ULJLQDO SRVW ZLWK TXHU\ ZRUG KLJKOLJKWHG � � � � � � � � � � � � � � � � � ��

���� &ROORFDWHV RI㢈帺 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� )UHTXHQF\ GLVWULEXWLRQ RI HPRWLFRQV LQ 377 &RUSXV � � � � � � � � � � ��

���� ,QWHUIDFH RI (PRWLFRQ 'HWHFWRU � � � � � � � � � � � � � � � � � � � ��

���� $Q H[DPSOH RI (PRWLFRQ 'HWHFWRU � � � � � � � � � � � � � � � � � � ��

���� ,QWHUIDFH IRU 6HQWLSRO &ODVVLILHU � � � � � � � � � � � � � � � � � ��
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���� $Q H[DPSOH RI 6HQWLSRO &ODVVLILHU � � � � � � � � � � � � � � � � ��
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/LVW RI 7DEOHV

��� 3RVW QXPEHUV RI HDFK FRXQW\ � � � � � � � � � � � � � � � � � � � � � � � � ��

��� %RDUGV FROOHFWHG LQ 377 &RUSXV � � � � � � � � � � � � � � � � � � � � � ��

��� 6WDWLVWLFV RI 377 &RUSXV �$SULO ��� ����� � � � � � � � � � � � � � � � � ��

��� (YDOXDWLRQ RI VHJPHQWDWLRQ UHVXOWV � � � � � � � � � � � � � � � � � � � � � ��

��� &RPSDULVRQ RI PDNLQJ FRQFRUGDQFH ZLWK WZR PHWKRGV � � � � � � � � � � ��

��� &RQFRUGDQFH H[DPSOHV IRU HPRWLFRQV � � � � � � � � � � � � � � � � � � � ��

��� &RQFRUGDQFH H[DPSOHV IRU JHLñ WDï FRQVWUXFWLRQ � � � � � � � � � � � � � � ��

��� (YDOXDWLRQ RI GLIIHUHQW FODVVLILHUV � � � � � � � � � � � � � � � � � � � � � � ��

��� 3RODULW\ SHUFHQWDJH RI SRVWV LQ *RVVLSLQJ� +DWH� )X0RX'LVFXVV DQG MRNH � ��

$�� 7RS �� IHDWXUHV DQG WKHLU IUHTXHQFLHV RI 3RVW � � � � � � � � � � � � � � � ��

%�� &RYHUDJH PHWULFV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&�� 'HWDLOV RI 377 &RUSXV � � � � � � � � � � � � � � � � � � � � � � � � � � ��

(�� &.,3 326 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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&KDSWHU �

,QWURGXFWLRQ

��� 5HVHDUFK PRWLYDWLRQ

5HFHQW \HDUV KDYH VHHQ JURZLQJ LPSRUWDQFH SODFHG RQ UHVHDUFK LQ FRUSXV�EDVHG VWXGLHV�

,Q 7DLZDQ 0DQGDULQ� WKH PRVW ZLGHO\ XVHG FRUSXV LV $FDGHPLD 6LQLFD %DODQFHG &RUSXV

�6LQLFD &RUSXV� �&KHQ HW DO�� ������ 6LQLFD &RUSXV FRQWDLQV WHQ PLOOLRQ ZRUGV ZLWK KXPDQ

VHJPHQWDWLRQ DQG WDJJLQJ� ZKLFK UDLVHV WKH DFFXUDF\ WR RYHU ���� $QRWKHU IUHTXHQWO\ XVHG

FRUSXV LV &KLQHVH *LJDZRUGV �+XDQJ HW DO�� ������ ZKLFK FRQWDLQV RYHU �� ELOOLRQ ZRUGV

ZLWK DXWRPDWLF ZLWK XQVXSHUYLVHG VHJPHQWDWLRQ DQG WDJJLQJ� 7KH GDWD FDQ EH DFFHVVHG

IURP &KLQHVH 6NHWFK (QJLQH� WR SHUIRUP D YDULHW\ RI WDVNV VXFK ZRUG VNHWFKHV� V\QWD[

DQDO\VLV WKHVDXUXV DQDO\VLV� HWF� +RZHYHU� ERWK RI WKH FRUSRUD KDYH VRPH OLPLWDWLRQV RQ

WKH VRXUFH RI WKH GDWD� DQG WKH\ KDYH QRW XSGDWHG IRU VRPH WLPH� ZKLFK PDNHV LW GLIILFXOW

WR ILQG PRUH UHFHQW H[DPSOHV RI ODQJXDJH XVHV� +HQFH� WKH JRDO RI WKLV WKHVLV LV WR GHYHORS

D G\QDPLF FRUSXV ZKLFK FDQ DXWRPDWLFDOO\ FROOHFW� XSGDWH DQG SURFHVV GDWD IURP 377 �㏴

徝徝� LQ DQ DWWHPSW WR FDSWXUH WKH HPHUJLQJ XVHV RI ODQJXDJH�
�KWWS���ZRUGVNHWFK�OLQJ�VLQLFD�HGX�WZ�

�



��� 6LJQLILFDQFH

377 &RUSXV�� WR WKH EHVW RI RXU NQRZOHGJH� LV WKH ILUVW FRPSUHKHQVLYH 377�EDVHG

FRUSXV V\VWHPZLWK LQWHUDFWLYH LQWHUIDFHZKLFK FRQWDLQV D VHULHV RI WRROV IRU XVHUV WR H[SORUH

GLIIHUHQW DVSHFWV RI 377 GDWD� VXFK DV TXHU\LQJ OH[LFDO GDWD� PDNLQJ FRQFRUGDQFH� JHQHUDWLQJ

FROORFDWLRQV� HWF� ,W FRPSOHPHQWV WKH ODFN RI PRGHUQ FRUSRUD� ZKLFK FRXOG EH D SRWHQWLDO

VRXUFH RI QHZ ZRUGV� SDWWHUQV RU FRQVWUXFWLRQV� )XUWKHUPRUH� WKH V\VWHP LV GHGLFDWHG

WR SURYLGH DQ XVHU�IULHQGO\� RSHQ�VRXUFH DQG HDVLO\ DFFHVVLEOH LQWHUIDFH IRU WKH SXUSRVH

RI HQKDQFLQJ WKH FRQYHQLHQFH ZKLFK KHOSV UHVHDUFKHUV PRUH IRFXV RQ WKH UHVHDUFK LWVHOI�

7KH FRUSXV LV VWLOO LQ LWV LQIDQF\� EXW LW LV KRSHG WKDW HVWDEOLVKLQJ WKH V\VWHP ZLOO HQULFK WKH

VRXUFH RI PRGHUQ FRUSRUD DQG IDFLOLWDWH WKH FRUSXV�EDVHG OLQJXLVWV LQ 7DLZDQ 0DQGDULQ�

DQG LW PD\ VLPSOLI\ WKH DQDO\VLV RI UHFHQW ODQJXDJH XVHV DQG FKDQJHV�

��� 2UJDQL]DWLRQ RI WKH WKHVLV

7KH UHPDLQGHU RI WKLV WKHVLV LV GLYLGHG LQWR IRXU FKDSWHUV� &KDSWHU � UHYLHZV SUHYLRXV

ZRUNV UHJDUGLQJ WKH LVVXHV DQG H[DPSOHV RI WKH GHVLJQ� HVWDEOLVKPHQW DQG DSSOLFDWLRQV

RI VRPH PRGHUQ FRUSRUD� DQG UHVHDUFK ZKLFK XVHG 377 DV WKH VRXUFH RU WRSLF ZLOO DOVR

EH DGGUHVVHG� &KDSWHU � GHVFULEHV WKH PHWKRGRORJ\ DQG SURFHGXUHV IRU WKH FROOHFWLRQ�

FRPSLODWLRQ DQG SUHSURFHVVLQJ RI WKH SURSRVHG 377 FRUSRUD� &KDSWHU � GHVFULEHV WKH DS�

SOLFDWLRQV RI 337&RUSXV� LQFOXGLQJ DGDSWLYH VHJPHQWDWRU� HPRWLFRQ GHWHFWRU� FRQFRUGHQFHU�

FROORFDWLRQHU DQG VHQWLPHQW SRODULW\ FODVVLILHU� ,Q FKDSWHU � FRQFOXVLRQV DUH SUHVHQWHG DQG

VXJJHVWLRQV DUH PDGH IRU IXUWKHU UHVHDUFK�

�KWWS���ORSHQ�OLQJXLVWLFV�QWX�HGX�WZ�377

�



&KDSWHU �

/LWHUDWXUH 5HYLHZ

��� &RUSXV OLQJXLVWLFV DQG WKH ZHE

$IWHU WKH FUHDWLRQ RI WKH :RUOG :LGH :HE �:::� LQ ����� FRUSXV OLQJXLVWLFV LV

FRQIURQWLQJ ZLWK WKH FKDQFH DQG FKDOOHQJH WR XVH ZHE DV DQ HQRUPRXV DUHD RI OLQJXLVWLF

GDWD VRXUFH� SURYLGLQJ DEXQGDQW DFFHVVLEOH UHVRXUFHV RI KXPDQ ODQJXDJH DV D ZD\ WR

UHDOL]H WKH PXOWLGLPHQVLRQDOLW\ RI ODQJXDJHV� 6LQFH WKH ZHE KDV EHFRPH WKH KRW VSRW RI

UHVRXUFHV IRU PRGHUQ FRUSRUD� VRPH FULWLFDO LVVXHV PXVW EH GLVFXVVHG�

0F(QHU\ 	 :LOVRQ ������ GHVFULEHV WKDW WKH PRGHUQ FRUSXV KDYH WKH IRXU PDLQ FKDU�

DFWHULVWLFV�

�� VDPSOLQJ DQG UHSUHVHQWDWLYHQHVV

�� ILQLWH VL]H

�� PDFKLQH�UHDGDEOH IRUP

�� D VWDQGDUG UHIHUHQFH

+RZHYHU� VRPH RI WKH LVVXHV VKRXOG EH UH�FRQVLGHUHG� 7KH TXHVWLRQ IRU UHSUHVHQWDWLYHQHVV�

IRU H[DPSOH� VKRXOG EH FKDQJHG IURP ³KRZ GR \RX NQRZ WKDW \RXU ZHE FRUSXV LV UHS�

UHVHQWDWLYH"´ WR ³KRZ GR \RX NQRZ ZKHWKHU DQ\ FRUSXV LV UHSUHVHQWDWLYH �RI ZKDW�"´

�.LOJDUULII� ������ $QRWKHU RIWHQ�PHQWLRQHG SUREOHP RI FRUSXV LV EDODQFHGQHVV� /HHFK

������ GHILQHV EDODQFHG DV WKH SURSRUWLRQDOLW\ RI WKH VXEFRUSRUD DQG WKHLU UHODWLYH IUHTXHQF\

RI RFFXUUHQFH RI WKRVH JHQUHV LQ WKH ODQJXDJH¶V WH[WXDO XQLYHUVH DV D ZKROH� 7KH DXWKRU

�



WKHQ VWUHVVHV VRPH GLIILFXOWLHV RI KRZ D FRUSXV FDQ EH UHQGHUHG EDODQFHG� 0DQQLQJ 	

6FK�W]H ������ DOVR VXJJHVWV WKDW ³��� KDYLQJ PRUH WUDLQLQJ GDWD LV QRUPDOO\ PRUH XVHIXO

WKDQ DQ\ FRQFHUQV RI EDODQFH� DQG RQH VKRXOG VLPSO\ XVH DOO WKH WH[W WKDW LV DYDLODEOH�´

/�GHOLQJ HW DO� ������ DOVR GLVFXVV WKH LQKHUHQW OLPLWDWLRQV RI UHO\LQJ RQ D VHDUFK HQJLQH DV

D GDWD VRXUFH� DQG IRFXV RQ VRPH RI WKH FRUH LVVXHV RI XVLQJ WKH ZHE DV FRUSXV� LQFOXGLQJ

WKH VRXUFH TXDOLW\ DQG TXDQWLW\� FRUSXV VWDELOLW\� GDWD DQQRWDWLRQ� DQG PHWD LQIRUPDWLRQ�

)XUWKHUPRUH� WKH ZD\ RI XWLOL]LQJ ZHE DV WKH VRXUFH RI FRUSRUD VKRXOG EH FODVVLILHG�

,Q JHQHUDO� IROORZLQJ 'H 6FKU\YHU ������� WKHUH DUH WZR ZD\V RI XVLQJ ZHE DV ODQJXDJH

UHVRXUFH� :HE IRU &RUSXV �:I&� DQG:HE DV &RUSXV �:D&�� +VLHK ������ SURYLGHV D FOHDU

GLVWLQFWLRQ EHWZHHQ :I& DQG :D&�

7KH IRUPHU UHIHUV WR WKH HIIRUWV WKDW DLP WR ³FRQFRUGDQFH WKH ZHE´ E\ WDLORULQJ

VHDUFK HQJLQH WR OLQJXLVWLF QHHGV� ��� 7KH ODWWHU LV JURXQGHG RQ D PRUH UHDOLVWLF

DQG WHFKQLFDOO\ GRDEOH DSSURDFK E\ FROOHFWLQJ GDWD IURP WKHZHE� DQG SLSHOLQLQJ

WKH ZRUNLQJ SURFHGXUHV RI SUHSURFHVVLQJ� DQQRWDWLRQ DQG LQGH[LQJ� DQG FUHDWLQJ

D TXHU\LQJ LQWHUIDFH IRU OLQJXLVWLF XVH�

6LQFH WKH DPRXQW RI GDWD LV LQFUHDVLQJ UDSLGO\ DQG EHFRPH WRR PXFK WR KDQGOH IRU

DQ\ KXPDQ EHLQJ� WKH IRFXV LV VKLIWLQJ WRZDUGV WKH FUHDWLRQ RI VRIWZDUH RU LQWHUIDFH IRU

WKH DXWRPDWLF DQDO\VLV RI FRUSRUD� :RUG 6NHWFK� IRU LQVWDQFH� LV RQH RI WKH ILUVW VRIWZDUHV

WKDW ³DXWRPDWLFDOO\�SURGXFH>V@ VXPPDU\ RI D ZRUG¶V EHKDYLRXU´ �.LOJDUULII 	 7XJZHOO�

����� )OHWFKHU ������ DOVR VXUYH\V VRPH FKDUDFWHULVWLFV RI WKH :HE DQG GLVFXVVHV WKH

SURV DQG FRQV RI H[SORLWLQJ WKH :HE DV�IRU FRUSXV� +H UHYLHZV VHYHUDO LQQRYDWLYH DS�

SOLFDWLRQV RI :HE GDWD WR FRUSXV�UHODWHG LVVXHV� H�J�� .:L&)LQGHU �.)�� DQ DSSOLFDWLRQ

WR KHOS UHDOL]H WKH :HE¶V SURPLVH� ,Q VXP� WKH SUHUHTXLVLWH IRU EXLOGLQJ D SURSHU VHDUFK

HQJLQH IRU OLQJXLVWV LV WKDW WKH SURFHVV RI FUDZOLQJ WKH ZHE DQG SUH� RU SRVW�SURFHVVLQJ

VKRXOG EH DXWRPDWHG �)OHWFKHU� ����� .LOJDUULII 	 *UHIHQVWHWWH� ����� 9RON� �����

0DQ\ VWXGLHV KDYH XVHG WKH ZHE DV UHVRXUFHV LQ WKHLU UHVHDUFK� )RU LQVWDQFH� +D\DVKL

HW DO� ������ GHYHORSHG 7,7$1� D FURVV�OLQJXLVWLF VHDUFK HQJLQH IRU ZHE ZKLFK SURYLGHV DQ

LQWHUIDFH IRU XVHUV WR TXHU\ LQ WKHLU QDWLYH ODQJXDJH ZKLOH SHUIRUPLQJPXOWLOLQJXDO VHDUFKHV

RQ WKH ZHE� ,WV SULPDU\ JRDO LV WR GHYHORS DQ DGYDQFHG PHWKRG IRU LQGH[LQJ WKH GRFXPHQWV

�



IURP WKH ZHE� 5HQRXI ������ GHYHORSV :HE&RUS�� D OLQJXLVW�IULHQGO\ WRRO GHVLJQHG WR

VHDUFK WKH ,QWHUQHW DQG SURYLGH RQ�OLQH WDLORUHG DFFHVV� 7KH DGYDQWDJHV XVLQJ :HE DV D

FRUSXV DUH WKDW LW LV IUHHO\�DYDLODEOH� FRYHULQJ D UDQJH RI GRPDLQV DQG FRQVWDQWO\ DGGHG WR

DQG XSGDWHG� )DLURQ HW DO� ������ HVWDEOLVKHV *ORVVD1HW �� D IUHH RQOLQH FRQFRUGDQFH

VHUYLFHZKLFK HQDEOHV XVHUV WR VHDUFK LQWR G\QDPLF:HE FRUSRUD� 8VHUV FDQ GHILQH D FRUSXV

E\ VHOHFWLQJ 566� IHHGV LQ D SUHVHOHFWHG SRRO RI VRXUFHV WKDW DUH YLVLWHG RQ D URXWLQH E\ D

FUDZOHU WR JHQHUDWH D G\QDPLF FRUSXV� 8VHUV FDQ VWRUH WKHLU VHDUFK TXHULHV DQG WKH\ ZLOO EH

UH�DSSOLHG RQ WKH FRUSXV HYHU\ WLPH LW LV XSGDWHG� 7KH G\QDPLF PHFKDQLVP DOORZV XVHUV WR

UHFHLYH WKH XS�WR�GDWH FRQFRUGDQFHV ZLWK WKH VDPH TXHULHV� /LX 	 &XUUDQ ������ HVWDEOLVK

D :HE &RUSXV E\ FROOHFWLQJ ZHE SDJHV WR FUHDWH D WRSLF�GLYHUVH FROOHFWLRQ RI �� ELOOLRQ

(QJOLVK ZRUGV� 7KH UHVXOWV VKRZ WKDW� FRPSDUHG WR QRUPDO VHDUFK HQJLQHV� WKH:HE&RUSXV

KDV EHWWHU SHUIRUPDQFH RQ FRQWH[W�VHQVLWLYH VSHOOLQJ FRUUHFWLRQ DQG WKHVDXUXV H[WUDFWLRQ�

7KH (GLQEXUJK 7ZLWWHU &RUSXV �3HWURYLF HW DO�� ����� SUHVHQWHG D FRUSXV RI DOPRVW ���

PLOOLRQ WZHHWV ZKLFK LV DYDLODEOH IRU SXEOLF XVH� 0F&UHDGLH HW DO� ������ GHYHORS D WZHHW

FUDZOLQJ VRIWZDUH DQG GHWDLO D PHWKRGRORJ\ IRU EXLOGLQJ DQG GLVWULEXWLQJ 7ZLWWHU FRUSRUD�

)LQDOO\� WKH\ DQDO\]H ZKHWKHU WKH GLVWULEXWLRQ DSSURDFK UHPDLQV UREXVW RYHU WLPH�

��� /LQJXLVWLF VWXGLHV DQG VRFLDO PHGLD

6RFLDO PHGLD LV GHILQHG DV ³D JURXS RI ,QWHUQHW�EDVHG DSSOLFDWLRQV WKDW EXLOG RQ WKH

LGHRORJLFDO DQG WHFKQRORJLFDO IRXQGDWLRQV RI :HE ���� DQG WKDW DOORZ WKH FUHDWLRQ DQG

H[FKDQJH RI XVHU�JHQHUDWHG FRQWHQW�´ �.DSODQ 	 +DHQOHLQ� ������

6X ������ LQYHVWLJDWHV FUHDWLYH XVHV RI ZULWLQJ V\VWHPV RQ 377� 7KH DXWKRU GLVFXVVHG

DQG LGHQWLILHG IRXU SRSXODU FUHDWLYH XVHV RI ZULWLQJ� ZKLFK DUH HQDEOHG E\ WKHZULWWHQ QDWXUH

RI WKH ,QWHUQHW� WKH RUWKRJUDSKLF V\VWHPV DYDLODEOH LQ WKH VRFLHW\� DQG WKH PXOWLOLQJXDO

VLWXDWLRQ LQ 7DLZDQ� 7KHVH UHVXOW LQ D XQLTXH PRGH RI FRPPXQLFDWLRQ LQ LWV RZQ ULJKW� /LX

������ DQDO\]HV WKH FXOWXUDO SKHQRPHQRQ RI EX]]ZRUGV E\ PDQXDOO\ FROOHFWLQJ GDWD IURP
�KWWS���ZZZ�ZHEFRUS�RUJ�XN
�566 �5LFK 6LWH 6XPPDU\� LV D FRPSXWHU ILOH IRUPDW IRU GHOLYHULQJ UHJXODUO\ FKDQJLQJ ZHE FRQWHQW�

0DQ\ QHZV�UHODWHG ZHE VLWHV� ZHEORJV DQG RWKHU RQOLQH SXEOLVKHUV V\QGLFDWH WKHLU FRQWHQW DV DQ 566 )HHG
WR WKHLU VXEVFULEHUV�

�



377 DQG GLVFXVVHV KRZ WKH\ LQIOXHQFHV WKH GDLO\ OLIH FRQYHUVDWLRQ DQG VRFLDO LQWHUDFWLRQ�

/LX HW DO� ������ DWWHPSWV WR FDSWXUH WZR�FKDUDFWHU QHRORJLVPV HPHUJHG LQ 377 E\

DGRSWLQJ WKH Q�JUDPPRGHO ZLWK SURSRVHG OLQJXLVWLF ILOWHU� (YDOXDWLRQ WDVNZLWK �� VXEMHFWV

ZDV FRQGXFWHG DJDLQVW WKH V\VWHP¶V SHUIRUPDQFH ZLWK WKH FDOFXODWLRQ RI )OHLVV¶ NDSSD

PHDVXUH� 7KH SDSHU VXJJHVWV WKH GHWHFWLRQ DQG SUHGLFWLRQ RI QHRORJLVPV LQ 377 FDQ EH

LPSURYHG DQG IDFLOLWDWHG E\ REVHUYLQJ WKH IHDWXUHV�

6HQWLPHQW DQDO\VLV RI WH[W DLPV WR GHWHUPLQH WKH DWWLWXGH RU HPRWLRQ RI D VSHDNHU

ZLWK UHVSHFW WR WKH ODQJXDJH XVH� DQG LW KDV JDLQHG SRSXODULW\ LQ PDQ\ UHVHDUFK ILOHG�

LQFOXGLQJ OLQJXLVWLFV� )RU H[DPSOH� 6KLYKDUH 	 .KHWKDZDW ������ GLVFXVV WKH HPRWLRQ

UHFRJQLWLRQ EDVHG RQ WH[WXDO GDWD DQG UHYLHZV WHFKQLTXHV RIWHQ XVHG LQ HPRWLRQ GHWHFWLRQ�

7KHLU SURSRVHG IUDPHZRUN FRQVLGHUV WKH RQWRORJ\ RI HPRWLRQ ZRUGV DQG FDOFXODWHV WKH

ZHLJKW IRU SDUWLFXODU HPRWLRQ DQG LWV FRXQWHU HPRWLRQ DQG WKHQ FRPSDUHV WKH ERWK VFRUHV�

&KHQ HW DO� ������ FRQVWUXFW D G\QDPLF 3OXUN FRUSXV DQG FRQGXFW H[SHULPHQWV E\ ZD\ RI

FRPELQLQJ WH[WXDO VWDWLVWLFV DQG HPRWLFRQV GDWD WR DFKLHYH DXWRPDWLF PRRG FODVVLILFDWLRQ

RI PLFUREORJJLQJ PHVVDJHV IURP 3OXUN� /X HW DO� ������ IROORZV 3ULQFLSOH &RPSRQHQW

$QDO\VLV DQG FROORFDWLRQ DSSURDFK WR LQYHVWLJDWH WKH UHODWLRQVKLSV ZLWKLQ HPRWLRQ ZRUGV

XQGHU OLQJXLVWLF DVSHFW LQ SURFHVVLQJ HPRWLRQ GHWHFWLRQ�

�



&KDSWHU �

&RPSLOLQJ WKH 377 &RUSXV

��� ,QWURGXFWLRQ RI 377

)LJXUH ���� 377 ORJLQ VFUHHQ

377 �㏴徝徝� LV D WHUPLQDO�EDVHG EXOOHWLQ ERDUG V\VWHP �%%6� EDVHG LQ 7DLZDQ� ZKLFK

FRQWDLQV RYHU ��,��� GLVFXVVLRQ ERDUGV ZLWK PRUH WKDQ ��� PLOOLRQ UHJLVWHUHG XVHUV� DQG

RYHU ������ DUWLFOHV DUH SRVWHG HYHU\GD\� )LJXUH ��� VKRZV WKH ORJLQ VFUHHQ RI 377�

$FFRUGLQJ WR $OH[D ,QWHUQHW�� D SUHVWLJLRXV FRPSDQ\ ZKLFK SURYLGHV WUDIILF GDWD DQG

JOREDO UDQNLQJV IRU �� PLOOLRQ ZHEVLWHV� 377 LV UDQNHG DV WKH WRS ��WK ZHEVLWHV LQ 7DLZDQ�

DQG LW KDV EHHQ ZLGHO\ TXRWHG E\ WKH SXEOLF PHGLD� 7KH LQWHUDFWLRQ EHWZHHQ 377 DQG
�KWWS���ZZZ�DOH[D�FRP�

�



SXEOLF PHGLD FDQ EH LOOXVWUDWHG ZLWK WKH ZRUG ³㢈帺´ �6HUYLFH 7UDGH $JUHHPHQW� D UHFHQW

SXEOLF LVVXH GLVFXVVHG LQWHQVLYHO\ LQ 7DLZDQ� DV D NH\ZRUG WR VHDUFK WKH SRVW QXPEHU LQ

377 &RUSXV DQG WZR ODUJH QHZV PHGLD LQ 7DLZDQ� L�H�� 8QLWHG 'DLO\ 1HZV �8'1���

7KH /LEHUW\ 7LPHV �7/7�� DV DQ H[DPSOH� $V FDQ EH VHHQ LQ )LJXUH ���� 377 KDV D FORVH

UHODWLRQVKLS ZLWK WKH PDLQVWUHDP PHGLD� 7KDW LV WR VD\� LVVXHV GLVFXVVHG LQ 377 KDYH D

KLJKHU FKDQFH WR UDLVH PHGLD DWWHQWLRQ� OHDGLQJ WR JUHDWHU SXEOLF DZDUHQHVV�

)LJXUH ���� ,QWHUDFWLRQ EHWZHHQ 377 DQG SXEOLF PHGLD� 㢈帺 DV DQ H[DPSOH

,Q DGGLWLRQ� QHRORJLVPV VRPHWLPHV FRXOG EH UDSLGO\ GLVWULEXWHG LQ 377 EXW QRW \HW LQ

SXEOLF PHGLD� 7KH QRYHO ZRUG 儉㷚� IRU H[DPSOH� UHIHUULQJ WR D 7DLZDQHVH SULHVW ZKR

GHOLYHUV VHYHUDO FRQWURYHUVLDO VSHHFKHV LQ UHFHQW GD\V� FDQ EH XVHG DV DQRWKHU H[DPSOH WR

VKRZ WKH LQWHUDFWLRQ RI 377 &RUSXV DQG RWKHU VRFLDO PHGLD� DV FDQ EH VKRZQ LQ )LJXUH

����

,Q DGGLWLRQ WR ODQJXDJH XVH DORQJ WKH WHPSRUDO GLPHQVLRQ� 377 DOVR SURYLGHV WKH

ZLQGRZ LQWR WKH GHPRJUDSKLF FKDUDFWHULVWLFV RI LWV XVHUV�

,Q 377 &RUSXV� ,3 DGGUHVVHV DUH FRQYHUWHG LQWR ORQJLWXGH DQG ODWLWXGH DQG SORWWHG

RQ WKH PDS� DV FDQ EH VHHQ LQ )LJXUH ��� DQG )LJXUH ���� LQ ZKLFK WKH GDUNHU WKH FRORU� WKH

PRUH XVHUV WKHUH DUH LQ WKH DUHD� ,W VKRXOG EH DOVR QRWHG WKDW WKH FRQYHUWHG ORQJLWXGH DQG
�KWWS���XGQGDWD�FRP�
�KWWS���ZZZ�OLEHUW\WLPHV�FRP�WZ�

�



)LJXUH ���� ,QWHUDFWLRQ EHWZHHQ 377 DQG SXEOLF PHGLD� 儉㷚 DV DQ H[DPSOH

ODWLWXGH DUH HVWLPDWHG ORFDWLRQ RQO\� ,Q )LJXUH ���� LW FDQ EH REVHUYHG WKDW WKH PDMRULW\ RI

377 XVHUV DUH IURP 7DLZDQ� EXW WKHUH DUH VRPH LQ RWKHU FRXQWULHV DV ZHOO�

)LJXUH ���� 377 XVHU GLVWULEXWLRQ PDS� ZRUOG

�



��� 0HWDLQIRUPDWLRQ

,Q )LJXUH ���� ZH FDQ ILQG WKDW PRVW 377 XVHUV DUH IURP PDMRU FLWLHV LQ 7DLZDQ� H�J��

7DLSHL� 7DLFKXQJ� .DRKVLXQJ� HWF�

)LJXUH ���� 377 XVHU GLVWULEXWLRQ PDS� 7DLZDQ

7DEOH ��� VKRZV WKH QXPEHU RI SRVW LQ FRXQWLHV RI 7DLZDQ� ,W VKRXOG EH QRWHG WKDW WKHVH

QXPEHUV DUH MXVW IRU WKH GHPRQVWUDWLYH SXUSRVH LQ WKDW WKH WKHVH GDWD DUH FROOHFWHG IURP

RQO\ �� ERDUGV� ,Q JHQHUDO� WKH PDMRU SRVWV �XVHUV� DUH IURP WKH QRUWKHU SDUW RI 7DLZDQ�

7KLV PD\ LPSO\ WKDW WKH ODQJXDJH VW\OH XVHG LQ WKH PDMRU FLW\ KDV JUHDWHU LQIOXHQFH RQ WKH

ODQJXDJH GHYHORSPHQW LQ 7DLZDQHVH 0DQGDULQ�

7DEOH ���� 3RVW QXPEHUV RI HDFK FRXQW\

.HHOXQJ ��� &KDQJKXD ���
7DLSHL ���,��� &KLD\L ���
7DR\XDQ ���� 7DLQDQ ���
+VLQFKX ��� .DRKVLXQJ ����
0LDROL �� +XDOLHQ ���
7DLFKXQJ ����

��



��� 0XOWLGLPHQVLRQDOLW\ RI 377 GDWD

����� /DQJXDJH GDWD VWUXFWXUH

7KH EDVLF OLQJXLVWLF VWUXFWXUH RI D 3RVW �3R 㜂� LV FRPSULVHG RI D KHDGLQJ� DQ

DUWLFOH DQG FRPPHQWV� $ KHDGLQJ FRQWDLQV D XVHUQDPH �⃗冀�� WLWOH �㮔

槇�� SRVWLQJ WLPH �㞽朎� DQG ERDUG QDPH �䢆㣺�� ZKLFK FDQ EH VHHQ LQ )LJXUH ���

)LJXUH ���� $ KHDGLQJ RI D 3RVW

$Q DUWLFOH LV WKH PDLQ SDUW RI D 3RVW� ZKHUH XVHUV FDQ SRVW LVVXHV UHODWHG WR WKH

WRSLF RI D ERDUG�

)LJXUH ���� $Q DUWLFOH RI D 3RVW

7KH ODVW SDUW RI D 3RVW LV FRPPHQWV� 377 KDYH D XQLTXH FRPPHQWLQJ V\VWHP ZKLFK

FRQWDLQV WKUHH W\SHV RI FRPPHQW� 3XVK �㔣�� %RR �⟎� DQG $UURZ �ĺ�� ,Q 377� $

FRPPHQW LV D VHQWHQFH ZLWK OHVV WKDQ �� KDOI�ZLGWK FKDUDFWHUV�� $Q\ UHJLVWHUHG XVHUV FDQ

VKRZ WKHLU RSLQLRQV E\ FKRRVLQJ RQH RI WKHVH W\SHV DV WKHLU DWWLWXGH WRZDUG WKH SRVWLQJ�7KH

WKUHH W\SHV RI FRPPHQW DUH GHVFULEHG DV WKH IROORZLQJ�

3XVK �㔣� 6KRZLQJ VXSSRUWLYH� SRVLWLYH DWWLWXGH IRU WKH SRVWLQJ
�6LQFH &KLQHVH FKDUDFWHUV RIWHQ FODVVLILHG LQWR IXOO�ZLGWK� LW PHDQV WKDW D FRPPHQW FDQ RQO\ FRQWDLQV DW

PRVW �� &KLQHVH FKDUDFWHUV�

��



%RR �⟎� 6KRZLQJ GLVDJUHHPHQW RU KDYLQJ RSSRVLWH RSLQLRQ RI WKH SRVWLQJ

$UURZ �ĺ� *LYLQJ FRPPHQWV ZLWKRXW VKRZLQJ SRVLWLYH RU QHJDWLYH DWWLWXGH� DXWKRUV FDQ

RQO\ JLYH DUURZ WR WKHLU RZQ SRVWLQJV�

)LJXUH ���� $Q H[DPSOH RI FRPPHQWV RI 377

&RPSDUHG WR RWKHU VRFLDO QHWZRUNLQJ VHUYLFH �H�J�� )DFHERRN DQG 7ZLWWHU�� 377 DOORZV

XVHUV QRW RQO\ WR OLNH EXW WR GLVOLNH D SRVW� 7KLV SURYLGHV YDOXDEOH LQIRUPDWLRQ IRU OLQJXLVWLFV�

VHQWLPHQW DQG RSLQLRQ PLQLQJ DQG RWKHU UHVHDUFK ILHOGV�

����� 'DWD FROOHFWLRQ

377 &RUSXV KDV FROOHFWHG �� ERDUGV VR IDU �GHWDLOV DUH VKRZQ LQ 7DEOH ����� 'DWD DUH

FROOHFWHG IURP ���� WR ����� 7KH GDWDEDVH FRQWDLQV ��,��� DFWLYH XVHUV �XVHUV ZKR KDV

SRVWHG DUWLFOHV RQ 377� ZLWK RYHU ��,��� SRVWV DQG �� PLOOLRQ FRPPHQWV� ,W LV LQWHUHVWLQJ

WKDW WKH QXPEHU RI 3XVK LV DOPRVW VL[ WLPHV JUHDWHU WKDQ WKDW RI %RR� ZKLFK VKRZV WKDW

XVHUV WHQG WR VKRZ SRVLWLYH DWWLWXGH WRZDUG SRVWLQJV� 0RUH GHWDLOV FDQ EH VHHQ LQ 7DEOH

����

��� :RUG VHJPHQWDWLRQ

$IWHU WKH GDWD FROOHFWLRQ� EDVLF SUH�SURFHVVLQJ WDVNV LQ FRPSLOLQJ FRUSXV LQ &KLQHVH

XVXDOO\ LQYROYH WZR VHWSV� ZRUG VHJPHQWDWLRQ DQG SRV WDJJLQJ�

7KH PRVW FRPPRQO\�XVHG &KLQHVH ZRUG VHJPHQWDWRU LV &.,3 �&KLQHVH .QRZOHGJH

DQG ,QIRUPDWLRQ 3URFHVVLQJ� 6HJPHQWDWRU�� +RZHYHU� WKHUH DUH VRPH GUDZEDFNV RI WKH

VHJPHQWDWRU� DV VKRZQ LQ WKH IROORZLQJ�
�KWWS���VXQOLJKW�LLV�VLQLFD�HGX�WZ�XZH[WUDFW�GHPR�KWP

��



7DEOH ���� %RDUGV FROOHFWHG LQ 377 &RUSXV

&DWHJRU\ %RDUGV

3RSXODU

*RVVLSLQJ �⋦ⓡ䏃� )X0RX'LVFXVV �㢈帺䏃�
+DWH �灌䏴䏃� MRNH �ⶬ╪䏃� KDSS\ �ㅦ㭽䏃�
:RPHQ7DON �⫮‵凅⪤䏃� 6WXSLG&ORZQ �䲣䏃� %R\�*LUO �䚲⫮䏃�
PRYLH �桶レ䏃� L3KRQH �☻湮䏃� %HDXW\ �姣䏴䏃�
$OO7RJHWKHU �㳋⋏䏃� 1%$ �1%$䏃� )RRG �IRRG䏃�

1RUWKHUQ 7DLZDQ 7DR\XDQ �㦾⢍䏃� .HHOXQJ �⥵栁䏃� &KXQJ/L �ᾨ⩝䏃�
+VLQFKX �㜫䱴䏃�

&HQWUDO 7DLZDQ
)HQJ<XDQ �巋┚䏃� 7DLFKXQJ%XQ �╫ᾨ䏃�
7DLFKXQJ&RQW �╫ᾨ⽽䏃� 1DQWRX �ⓒ㐐䏃�
0LDROL �呒㦒䏃� <XQOLQ �桭㤒䏃� &KDQJ+XD �ル⒑䏃�

6RXWKHUQ 7DLZDQ
7DLQDQ �╫ⓒ䏃� 3LQJ7XQJ �ⷊ㣬䏃� 'DOLDR �⪢䏃�
)RQJ6KDQ �湮ⷬ䏃� .DRKVLXQJ �汓栿䏃� /LQ\XDQ �㤒⢍䏃�
&KLD\L �➄儤䏃�

(DVWHUQ 7DLZDQ 7DLWXQJ �╫㣬䏃� ,�/DQ �ⴗ垨䏃� +XDOLHQ �听噩䏃�
,VODQGV -LQPHQ �捌曻䏃� 0DWVX �欧䫑䏃� 3+�VHD �䄉㿑䏃�

�� 7KH HQFRGLQJ RI LQSXW VWULQJV FDQ RQO\ EH LQ %LJ���

:RUGVZKLFK FDQQRW EH HQFRGHG LQ XWI��ZLOO QRW EH SURFHVVHG FRUUHFWO\� )RU H[DPSOH�

䗛⋧⢮ DQG㾳撦⥾ DUH VHJPHQWHG DV IROORZV�

㾳撦�1E� 	��):� 薯薯薲薰薮�1HX� ��6(0,&2/21&$7(*25<�

��������������������������������������������������������

	��):� 薯薶薴薶薯�1HX� ��6(0,&2/21&$7(*25<�

��������������������������������������������������������

⋧⢮�1D�

�� 7H[WV FDQQRW FRQWDLQV [PO�OLNH WDJV�

:KHQ D LQSXW VWULQJ FRQWDLQV DQJOH EUDFNHWV ZLWK OHWWHUV LQVLGH� H�J�� �WLWOH!� WKH

UHVXOW ZLOO QRW EH SURFHVVHG FRUUHFWO\� )RU H[DPSOH� WKH IROORZLQJ VHQWHQFH

�WLWOH!� ₅㢒ⳳ䚚䀵㶯 姘㻥╫䚚㛌‵��WLWOH!

LV VHJPHQWHG DV�

�):�

��������������������������������������������������������

�%LJ� LV D &KLQHVH FKDUDFWHU HQFRGLQJ PHWKRG IRU 7UDGLWLRQDO &KLQHVH FKDUDFWHUV�

��



7DEOH ���� 6WDWLVWLFV RI 377 &RUSXV �$SULO ��� �����
1XPEHU

%RDUG ��
3RVW ���,���
8VHUV ���,���
&RPPHQWV ��,���,���
3XVK �,���,���
%RR �,���,���
$UURZ �,���,���
5DZ WRNHQ ���,���,���
5DZ W\SH ��,���
:RUG WRNHQ ��,���,���
:RUG W\SH �,���,���

�� /LQH EUHDNV UHOLHV RQ VRPH SXQFWXDWLRQV� VXFK DV FRPPDV DQG SHULRGV�

+RZHYHU� VRPH RI WKH DUWLFOHV RQ WKH :HE GRHV QRW XVH SXQFWXDWLRQV DV WKH VLJQ RI

WKH ILQDO RI D VHQWHQFH� )RU H[DPSOH� WKH IROORZLQJ WH[W

㡻慌䯼䊱㉮ⵦ䢆䢆
ᾈ䥠懎剸ⵦ※瀷
㢄㜂棍嫼ⵦ※瀷䟿⋦ⓡ❉
删ⴀ剸䛱㜂棍❉

ZLOO EH WUHDWHG DV�

㡻慌�1G� 䯼䊱�'� ㉮�9(� ⵦ�9&� 䢆䢆�'L� ᾈ�'� 䥠懎�9.

� 剸�'� ⵦ�9&� ※瀷�1HS� 㢄�9B�� 㜂棍�1E� 嫼�'� ⵦ

�9&� ※瀷�1HS� 䟿�'(� ⋦ⓡ�1D� ❉�7� 删ⴀ�1D� 剸�'

� 䛱�3� 㜂棍�1E� ❉�7�

ZKLFK LV QRW DSSURSULDWH ZKHQ DQDO\]LQJ WH[WV�

�� (PRWLFRQV DUH WUHDWHG DV D VHTXHQFH RI PHDQLQJOHVV RI SXQFWXDWLRQV RU FKDUDFWHUV�

)RU H[DPSOH�쉙쉊쉉쉈쉇⺤쉁
Ӄ䠺Ӄ�쉀䃫쉇쉈쉉쉊쉚 ZLOO EH WUHDWHG DV�

쉙쉊쉉쉈쉇 
(9� ⺤ 
8*� 쉁
(9� 
 
2#4'06*'5+5%#6')14;� Ӄ 
(9� 䠺 
D� Ӄ 


(9� � 
2#4'06*'5+5%#6')14;� 쉀
(9� 䃫 
8*� 쉇쉈쉉쉊쉚 
(9�

0RUH GHWDLOV IRU HPRWLFRQV ZLOO EH GLVFXVVHG LQ ����

��



7KHUHIRUH� DQRWKHU DSSURDFK PXVW EH DGRSWHG LQ WKLV UHVDHUFK� -VHJ�� DQ RSHQ�VRXUFH

&KLQHVH 6HJPHQWDWRU PRGLILHG IURP MLHED �6XQ� ����� ZDV XWLOL]HG WR VHJPHQW 377

GDWD� 7KH IROORZLQJ ZLOO GLVFXVV WKH PHWKRG DQG LWV HYDOXDWLRQ�

����� 0HWKRG

7KH VHJPHQWDWLRQ LV FDUULHG RXW E\ WKH LQWHUDFWLRQ EHWZHHQ WKH OH[LFRQ DQG +LGGHQ

0DUNRY 0RGHO �+00�� 7KH OH[LFRQ LV FRPSVHG RI DSSUR[LPDWHO\ ��� PLOOLRQ ZRUGV

H[WUDFWHG IURP 6LQLFD &RUSXV� 7KH PHFKDQLVP LV EDVHG RQ WKH 7ULH VWUXFWXUH WR DFKLHYH

HIILFLHQW ZRUG JUDSK VFDQQLQJ� 6HQWHQFHV XVLQJ &KLQHVH FKDUDFWHUV FRQVWLWXWH D GLUHFWHG

DF\FOLF JUDSK� LQZKLFK LW FDOFXODWHV WKHPD[LPXPSUREDELOLW\ SDWK EDVHG RQZRUG IUHTXHQF\

FRPELQDWLRQ� 7KDW LV� IRU HDFK VHQWHQFH� WKH VHJPHQWDWRU ZLOO DVVLJQ WKH IUHTXHQF\ WR

HDFK ZRUG LI LW DSSHDUV LQ WKH OH[LFRQ� DQG WKHQ WKH PD[LPXP SUREDELOLW\ URXWH ZLOO EH

FDOFXODWHG� )RU RXW RI YRFDEXODU\ ZRUGV� +00 ZDV XVHG WR FODVVLI\ HDFK VHQWHQFH DV D

VHTXHQFH RI % �%HJLQ� , �,QWHUPHGLDWH� ( �(QG� 6 �6LQJOH� �DV GHVFULEHG LQ /LQ 	 &KDQJ

������� DQG WKHQ 9LWHUEL DOJRULWKP ZDV XVHG WR FDOFXODWH WKH RSWLPDO SUREDELOW\ DFFRUGLQJ

WR WKH LQLWLDO SUREDELOLW\� WUDQVPLVVLRQ SUREDELOLW\ DQG HPLVVLRQ SUREDELOLW\ WKDW DUH WUDLQHG

ZLWK 6LQLFD FRUSXV�

&DOFXODWLLQJ SUREDELOLWLHV

� ,QLWLDO SUREDELOLW\� 7KH SUREDELOLW\ RI D ZRUG EHJLQQLQJ ZLWK VWDWH X LQ D GDWD VHW�

^´%´� ������������������

´,´� ��

´(´� ��

´6´� �������������������`

6LQFH D ZRUG FDQ RQO\ VWDUWV ZLWK % RU 6� , DQG ( JHW WKH SUREDELOLW\ RI ]HUR�

� 7UDQVPLVVLRQ SUREDELOLW\� 7KH SUREDELOLW\ IRU RQH VWDWH WR DQRWKHU�

^´%´� ^´,´� ���� ´(´� ���`�

´,´� ^´,´� ������������������� ´(´� ������������������`�

�KWWSV���JLWKXE�FRP�DPLJFDPHO�-VHJ

��



´(´� ^´6´� �������������������� ´%´� ������������������`�

´6´� ^´6´� ������������������� ´%´� �������������������``

7KH DERYH VKRZV WKDW WKH SUREDELOLW\ RI , DQG ( IROORZHG E\ %� IRU H[DPSOH� DUH ���

DQG ��� UHVSHFWLYHO\�

� HPLVVLRQ SUREDELOLW\� 7KH SUREDEOLW\ RI D FKDUDFWHU RFFUXLQJ LQ VWDWH X �

)RU FRPSUHKHQVLYH H[SODQDWLRQV ZLWK WKH VRXUFH FRGH� VHH $SSHQGL[ '

����� (YDOXDWLRQ

,Q WKLV VHFWLRQ� WKH SUHFLVLRQ� UHFDOO DQG )��VFRUH RI IRXU FRQGLWLRQV ZLOO EH FDOFXODWHG�

ZKLFK DUH VKRZQ DV IROORZV�

&RQGLWLRQ �� MLHED ZLWKRXW GHIDXOW GLFWLRQDU\

&RQGLWLRQ �� MLHED ZLWK GHIDXOW GLFWLRQDU\

&RQGLWLRQ �� -VHJ ZLWKRXW $6%& GLFWLRQDU\

&RQGLWLRQ �� -VHJ ZLWK $6%& GLFWLRQDU\

7KH WUDLQLQJ GDWD XVHG IRU HYDOXDWLRQ LV 6LQLFD &RUSXVZLWK ��,��� VHQWHQFHV� ��,���,���

WRNHQV DQG ���,��� W\SHV� )RU HDFK FRQGLWLRQ� WKH UHVXOW RI VHJPHQWDWLRQ ZDV FRPSDUHG

ZLWK WKH WUDLQLQJ GDWD� ZKLFK FDQ EH VHHQ LQ 7DEOH���

7DEOH ���� (YDOXDWLRQ RI VHJPHQWDWLRQ UHVXOWV

3UHFLVLRQ 5HFDOO )��VFRUH
&RQGLWLRQ � ����� ����� �����
&RQGLWLRQ � ����� ����� �����
&RQGLWLRQ � ����� ����� �����
&RQGLWLRQ � ����� ����� �����

7KH UHVXOW VKRZV WKDW -VHJ KDV WKH )��VFRUH DW ����� ZLWK SUHFLVLRQ DW ����� DQG UHFDOO

DW ������ ZKLFK RXWSHUIRUPV MLHED�

��



��� 326 WDJJLQJ

����� 0HWKRG

7KH SDUW�RI�VSHHFK �326� WDJJHU XVHV %ULOO 7DJJHU �%ULOO� ����� ZKLFK FRPHV ZLWK

3\WKRQ 1/7. SDFNDJH �%LUG HW DO�� ������ ,W LV FRPSRVHG RI D VHTXHQWLDO %DFNRII FKDLQ

RI 7ULJUDP7DJJHU� %LJUDP7DJJHU� 8QLJUDP7DJJHU� D �� $IIL[7DJJHU� DQG D 'HIDXOW7DJJHU

ZLWK D GHIDXOW WDJ RI ³�121(�´� 'DWD ZHUH WUDLQHG RQ WKH ���� VHQWHQFHV LQ WKH 6LQLFD

7UHHEDQN �&KHQ HW DO�� ����� ZLWK WKH 1/7.�WUDLQHU �3HUNLQV� ������

����� (YDOXDWLRQ

1/7.�WUDLQHU WDJV HYHU\ VHQWHQFH RI WKH FRUSXV DQG FRXQWV WKH IUHTXHQF\ RI HDFK WDJ

LW SURGXFHV� 7KH WUDLQHG WDJJHU LV ����� DFFXUDWH RQ 6LQLFD &RUSXV�

'HWDLOV DUH VKRZQ LQ$SSHQGL[ %� ,Q$SSHQGL[ %�)RXQG VKRZV WKH QXPEHU RI RFFXUUHQFHV

RI HDFK WDJ SURGXFHG E\ WKH WKH WDJJHU� $FWXDO VKRZV WKH DFWXDO QXPEHU RI RFFXUUHQFHV LQ

WKH FRUSXV� DQG 3UHFLVLRQ DQG 5HFDOO VKRZ WKH SHUIRUPDQFH IRU HDFK WDJ� ,I WKH 3UHFLVLRQ

LV OHVV WKDQ RQH� WKDW PHDQV WKH WDJJHU JDYH WKH ZURQJ WDJ WR D ZRUG� ,I WKH 5HFDOO LV OHVV

WKDQ RQH� LW PHDQV WKH WDJJHU JDYH ³�1RQH�´ WR D ZRUG �L�H�� D ZRUG GLG QRW JHW D WDJ IURP

WKH WDJJHU��

��



&KDSWHU �

$SSOLFDWLRQV

)RU WKH HDV\ DFFHVVLELOLW\ RI WKH 377 &RUSXV� D ZHE LQWHUIDFH ZDV FUHDWHG� 7KH

DSSOLFDWLRQV ZLOO EH GLVFXVVHG LQ WKH IROORZLQJ VHFWLRQV�

��� -VHJ DQG 6HJFRP

6LPLODU WR &.,3 6HJPHQWDWRU� 377 &RUSXV DOVR SURYLGHV D ZHE LQWHUIDFH IRU -VHJ

�GHWDLOV DUH GHVFULEHG LQ ���� IRU XVHUV WR VHJPHQW WH[WV RQOLQH� DV VKRZQ LQ )LJXUH ����

)LJXUH ���� $ ZHE LQWHUIDFH IRU -VHJ

7KH UHVXOW RIゲ冀㎌㢆╆㞪⢣⪤焈⢆䟿泪塂� IRU H[DPSOH� FDQ EH VHHQ LQ )LJXUH

��



����

)LJXUH ���� $Q H[DPSOH RI -VHJ

6HJFRP LV XVHG IRU FRPSDULQJ WKH UHVXOWV EHWZHHQ&.,3 6HJPHQWDWRU DQG -VHJ� 5HVXOWV

DUH VKRZQ LQ SDUDOOHO ZLWK GLIIHUHQW SDUWV KLJKOLJKWHG� DV VKRZQ LQ )LJXUH ����

)LJXUH ���� $Q H[DPSOH RI 6HJFRP

3URJUDPPDWLF XVH

)RU WKRVHZKR DUH IDPLOLDU ZLWK 3\WKRQ�� KHUH D SURJUDPPDWLF XVH RI-VHJ LV SURYLGHG�

7KLV LV HVSHFLDOO\ FRQYHQLHQW ZKHQ RQH QHHGV WR SURFHVV D JUHDW DPRXQW RI GDWD� 1RWLFH

WKDW -VHJ KDV RQO\ EHHQ WHVWHG RQ 8QL[�OLNH SODWIRUP� ZKLFK PD\ RU PD\ QRW EH VXSSRUWHG

LQ :LQGRZV SODWIRUP�

2QH FDQ ILUVW UHWULHYH WKH UHSRVLWRU\ RI -VHJ E\ XVLQJ�

JLW FORQH KWWSV���JLWKXE�FRP�DPLJFDPHO�-VHJ

2SHQ DQ\ SUHIHUDEOH 3\WKRQ VKHOO LQ WKH WHUPLQDO� WKHQ LPSRUW -VHJ DV D PRGXOH�

!!! IURP -VHJ LPSRUW MLHED

7DNH WKH VHQWHQFHゲ冀㎌㢆╆㞪⢣⪤焈⢆䟿泪塂 DV DQ H[DPSOH�

!!! UHVXOW  MLHED�VHJ�¶ゲ冀㎌㢆╆㞪⢣⪤焈⢆䟿泪塂 ¶�

�KWWSV���ZZZ�S\WKRQ�RUJ�

��



7R UHWULHYH WKH UHVXOW ZLWK 326 WDJV�

!!! SULQW UHVXOW�WH[W��

ゲ冀㎌㢆╆�1DE 㞪�9B�� ⢣�9&� ⪤焈⢆�1FD 䟿�'( 泪塂�1DE

7R UHWULHYH WKH UHVXOW ZLWKRXW 326 WDJV�

!!! SULQW UHVXOW�QRSRV��

ゲ冀㎌㢆╆ 㞪 ⢣ ⪤焈⢆ 䟿 泪塂

��� &RQFRUGDQFHU

377 &RUSXV SURYLGHV WZR ZD\V WR PDNH FRQFRUGDQFH IRU GLIIHUHQW SXUSRVHV� 2QH

FDQ HLWKHU VHDUFK LQ UDZ GDWD GLUHFWO\ RU VHDUFK ZLWK &:%�&43� ZKLFK ZLOO EH GHVFULEHG

LQ ����� DQG ����� UHVSHFWLYHO\� 7KH UHVXOW RI WKH IRUPHU RQH FRQWDLQV PRUH ³QRLVHV´� EXW

PRUH FRPSUHKHQVLYH� 2Q WKH FRQWUDU\� WKH ODWWHU RQH KDV OHVVHU QRLVHV� EXW WKH UHVXOW DUH

OHVV FRPSUHKHQVLYH VLQFH LW PLJKW EH LQIOXHQFHG E\ WKH DFFXUDF\ RI WKH VHJPHQWDWLRQ� )RU

WKH VHDUFKLQJ VSHHG� VHDUFKLQJ ZLWK &43�&:% LV IDU PRUH IDVWHU WKDQ VHDUFKLQJ LQ UDZ

GDWD LQ WKDW GDWD ZDV LQGH[HG LQ DGYDQFH� 7KH FRPSDULVRQ RI WKH WZR ZD\V RI PDNLQJ

FRQFRUGDQFH LV VLPSOLILHG DV 7DEOH ����

7DEOH ���� &RPSDULVRQ RI PDNLQJ FRQFRUGDQFH ZLWK WZR PHWKRGV

6HDUFK LQ UDZ GDWD 6HDUFK ZLWK &:%�&43
:LWK VHJPHQWDWLRQ 1R <HV
:LWK 326 WDJJLQJ 1R <HV
,QGH[LQJ 1R <HV
6HDUFKLQJ VSHHG 6ORZ )DVW
6HDUFKLQJ UHVXOWV PRUH FRPSUHKHQVLYH OHVV FRPSUHKHQVLYH
1RLVHV PRUH OHVV

����� 6HDUFKLQJ LQ UDZ GDWD

)LJXUH ��� VKRZV WKH LQWHUIDFH RI 6HDUFK 7H[W� LQ ZKLFK XVHUV FDQPDNH FRQFRUGDQFH E\

TXHU\LQJ NH\ZRUGV LQ HLWKHU 3RVW RU &RPPHQWV� 2QH FDQ DOVR XVH UHJXODU H[SUHVVLRQ DV

WKH NH\ZRUG IRU VHDUFKLQJ FHUWDLQ VHQWHQFH FRQVWUXFWLRQV� HPRWLFRQV� QXPEHUV� HWF� 8VHUV

��



FDQ VSHFLI\ WKH WLPH VSDQ DQG WKH ZLGWK RI FRQFRUGDQFH DV ZHOO� %RDUGV DUH FXUUHQWO\

GLYLGHG LQWR WZR PDMRU FDWHJRULHV� L�H� SRSXODU ERDUGV DQG JHRJUDSKLF ERDUGV� DQG HDFK

FDWHJRU\ DUH FRPSULVHG RI VHYHUDO VXEVHWV� )LJXUH ��� LV DQ H[DPSOH RI WKH UHVXOW� (DFK

)LJXUH ���� 6HDUFK 7H[W SDJH RI 377 &RUSXV

LWHP FRQVLVWV RI WKH VRXUFH� SRVW WLPH DQG ,3 � 2QH FDQ DOZD\V WUDFH EDFN DW WKH RULJLQDO

SRVW E\ FOLFNLQJ RQ WKH VHOHFWHG LWHP�

)LJXUH ���� &RQFRUGDQFH RXWSXW RI泪塂

7KH LQSXW FDQ EH D UHJXODU H[SUHVVLRQ� )RU H[DPSOH� RQH FDQ VHDUFK HPRWLFRQV E\

XVLQJ WKH IROORZLQJ SDWWHUQ�

?��^����`��

DQG WKH FRQFRUGDQFH H[DPSOHV DUH VKRZQ LQ 7DEOH ����

��



7DEOH ���� &RQFRUGDQFH H[DPSOHV IRU HPRWLFRQV
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&RQVWUXFWLRQ FDQ DOVR EH IRXQG E\ XVLQJ WKH VDPH DSSURDFK� /LX ������ XVHV WKH

IROORZLQJ SDWWHUQ WR ILQG VRPH JHLñ WDï FRQVWUXFWLRQ LQ 377 &RUSXV� DQG SDUWV RI WKH

UHVXOWV DUH VKRZQ LQ 7DEOH ����

仡⁑�^���`"ᾆ┶

7DEOH ���� &RQFRUGDQFH H[DPSOHV IRU JHLñ WDï FRQVWUXFWLRQ
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����� 6HDUFKLQJ ZLWK &:%�&43

377 &RUSXV DOVR LPSOHPHQWV 7KH ,06 2SHQ &RUSXV :RUNEHQFK �&:%� �&KULVW�

������ D FROOHFWLRQ RI RSHQ�VRXUFH WRROV IRU LQGH[LQJ� PDQDJLQJ DQG TXHU\LQJ FRUSRUD�

7KH FHQWUDO FRPSRQHQW LV D IOH[LEOH DQG HIILFLHQW µ&RUSXV 4XHU\ 3URFHVVRU¶ �&43� �&KULVW

HW DO�� ������ D VSHFLDOL]HG VHDUFK HQJLQH IRU OLQJXLVWLF UHVHDUFK� (YHUW 	 +DUGLH �������

WKH UHFHQW PDLQWDLQHU RI &:%� SURYLGHV D EULHI GHVFULSWLRQ�

7KH ,06 2SHQ &RUSXV :RUNEHQFK �&:%� LV D SRZHUIXO DQG IOH[LEOH V\VWHP

IRU LQGH[LQJ DQG VHDUFKLQJ FRUSXV GDWD� ,W LV HVSHFLDOO\ GHVLJQHG IRU XVH ZLWK

DQQRWDWHG GDWD� SDUWLFXODUO\ PHGLXP WR YHU\ ODUJH FRUSRUD ZLWK PXOWLSOH NLQGV

RI OLQJXLVWLF DQQRWDWLRQ DW ZRUG OHYHO �H�J� SDUW�RI�VSHHFK WDJV� OHPPDWLVDWLRQ�

��



VHPDQWLF WDJV RU FKXQN ERXQGDULHV�� 7R WKLV HQG LW SURYLGHV D SRZHUIXO DQG

IOH[LEOH GDWD PRGHO DQG TXHU\ ODQJXDJH�

7KH ZHE LQWHUIDFH FDQ EH VKRZQ LQ )LJXUH ���� ZKLFK FRQWDLQV WKUHH RSWLRQV�

� &RUSXV� 8VHUV FDQ FKRRVH WR TXHU\ ZRUG LQ HLWKHU $UWLFOH �㜂䱛� RU &RPPHQW

�㔣⟎㜂��

� 7LPH RUGHU� 8VHUV FDQ VRUWLQJ WKH UHVXOWV LQ GHVFHQGLQJ RU DVFHQGLQJ RUGHU�

� 326� 8VHUV FDQ GHFLGH WR VKRZ RU KLGH WKH 326 WDJV LQ WKH UHVXOWV� 1RWH WKDW LW PD\

WDNH ORQJHU WR SURFHVV LI 6KRZ LV FKRVHQ�

7R VHDUFK ⴀ䚲� IRU H[DPSOH� RQH FDQ VLPSO\ TXHU\ ⴀ䚲 �RU >ZRUG ³ⴀ䚲´@�� 7KH

RXWSXW LV VKRZQ LQ )LJXUH ����

)LJXUH ���� ,QWHUIDFH RI &RQFRUGDQFHU

&RQFRUGDQFH ZLWK 326 WDJV ZLOO EH VKRZQ E\ FOLFNLQJ 6KRZ 326 EXWWRQ� DV VKRZQ

LQ )LJXUH ����

7KH RXWSXW RI FRQWDLQV RI WKUHH SDUWV�

��



)LJXUH ���� &RQFRUGDQFH RXWSXW RIⴀ䚲

)LJXUH ���� &RQFRUGDQFH RIⴀ䚲 ZLWK 326 WDJJLQJ

�� 0HWDLQIR� 7KH XSSHU�OHIW ER[ VKRZV WKH QXPEHU RI RFFXUUHQFHV RI WKH TXHU\ ZRUG

DQG WKH GDWH RI LWV ILUVW DSSHDUDQFH LQ 377 &RUSXV� ⴀ䚲� IRU H[DPSOH� RFFXUV

���� WLPHV� DQG LW ILUVW DSSHDUHG DW �� -XQH� �����

�� )UHTXHQF\� 7KH XSSHU�ULJKW ER[ LV D EDU FKDUW VKRZLQJ WKH WKH IUHTXHQF\ RI WKH

TXHU\ ZRUG IRU HDFK \HDU�

�� &RQFRUGDQFH� 7KH PDMRU SDUW RI WKH SDJH� (DFK URZ LV OLQNHG WR WKH RULJLQDO SRVW

ZLWK WKH TXHU\ ZRUG KLJKOLJKWHG� DV VKRZQ LQ )LJXUH ���

��



)LJXUH ���� 2ULJLQDO SRVW ZLWK TXHU\ ZRUG KLJKOLJKWHG

��� *UDPPDWLFDO FROORFDWLRQ H[WUDFWRU

$FROORFDWLRQ LV ³WKH KDELWXDO FR�RFFXUUHQFH RI LQGLYLGXDO OH[LFDO LWHPV´ �&U\VWDO� ������

,Q RWKHU ZRUGV� LW LV D VHTXHQFH RI ZRUGV RU SDWWHUQV WKDW FR�RFFXU PRUH RIWHQ WKDQ ZRXOG

EH H[SHFWHG E\ FKDQFH�

6NHWFK (QJLQH IXUWKHU XWLOL]HV 6NHWFK *UDPPDU� DQ H[WHQGHG YHUVLRQ RI &43 ODQJXDJH

�(YHUW� ����� ZKLFK XVHV UHJXODU H[SUHVVLRQV RYHU 326�WDJV IRU TXHU\LQJ FRUSRUD� WR

H[WUDFW SRWHQWLDO FROORFDWLRQV� )RU LQVWDQFH� WKH IROORZLQJ UXOH

>SRV ¶9¶@ >SRV ¶�'(7_180_$'-_$'9�¶@ >SRV ¶1¶@

LV XVHG WR UHWULHYH WKH YHUE�REMHFW UHODWLRQ LQ (QJOLVK� ZKLFK H[WUDFWV WKH GDWD FRQWDLQLQJ

D YHUE IROORZHG E\ D QRXQ ZLWK RSWLRQDO GHWHUPLQHUV� QXPHUDOV� DGMHFWLYHV DQG DGYHUEV

SUHFHGLQJ WKH QRXQ� H�J�VHQG PDLOV� VHQGLQJ D UHJLVWHUHG OHWWHU� VHQW WKH�KHU�WZR RUGLQDU\

OHWWHU� HWF�

6LPLODUO\� &KLQHVH 6NHWFK*UDPPDU�� D &KLQHVH YHUVLRQ RI 6NHWFK*UDPPDU� LV DGRSWHG

DQG WUDQVIRUPHG LQWR VWDQGDUG &43 ODQJXDJH WR H[WUDFW FROORFDWLRQ FDQGLGDWHV LQ 377

&RUSXV� )RU H[DPSOH� WKH IROORZLQJ UXOH�

��>WDJ ´$´_WDJ ´9+��´_WDJ ´9+��´_WDJ ´9+��´@ >ZRUG ´䟿´@

>WDJ ´1>DEFG@�´ 	 WDJ� ´1FG´@^���` ��>WDJ ´1>DEFGKI

�KWWS���ZRUGVNHWFK�OLQJ�VLQLFD�HGX�WZ�FZV�UXQ�FJL�ZVGHI �8VHUV VKRXOG DSSO\ IRU DQ DFFRXQW WR YLHZ WKH
FRQWHQW��

�'HVFULSWLRQV RI 326 WDJV FDQ EH VHHQ LQ $SSHQGL[ (

��



@�´ 	 WDJ� ´1EF�´ 	 WDJ� ´1FG�´ 	 ZRUG� ´冀´ 	 ZRUG

� ´´@ >WDJ� ´1>DEFGKHI@�´_WDJ ´1EF�´_WDJ ´1FG�´@

ZKLFK LV WUDQVIRUPHG LQ VWDQGDUG &43 ODQJXDJH DV EHORZ

#7$5�>SRV ´$´_SRV ´9+��´_SRV ´9+��´_SRV ´9+��´@ >ZRUG ´䟿

´@ >SRV ´1>DEFG@�´ 	 SRV� ´1FG´@^���` .(<�>SRV ´1>

DEFGKI@�´ 	 SRV� ´1EF�´ 	 SRV� ´1FG�´ 	 ZRUG� ´冀´

	 ZRUG� ´´@ >SRV� ´1>DEFGKHI@�´_SRV ´1EF�´_SRV ´

1FG�´@ �� .(< 	 7$5

GHVFULEHV WKH JUDPPDWLFDO UHODWLRQ EHWZHHQ DGMHFWLYHPRGLILHUV DQG DQPRGLILHV� ZKLFK

FDQ EH VLPSOLILHG DV WKH IROORZLQJ VHTXHQFH�

7$5 :[ �:\� .(< :]

'HWDLOV RI HDFK V\PEROV DUH H[SODLQHG DV IROORZV�

� 7$5 LV WKH FROORFDWH ZKRVH 326 FDQ EH $� 9+��� 9+�� RU 9+���

� .(< LV WKH KHDGZRUG ZKLFK FDQ EH DQ\ ZRUG EXW 冀 DQG � DQG WKH 326 FDQ EH

1D� 1E� 1F� 1G� 1K DQG 1I H[FOXGLQJ 1EF DQG 1FG�

� Wx LV VSHFLILHV DV䟿�

� Wy LV DQ RSWLRQDO ZRUG ZLWK OHQJWK DW PRVW WZR ZKRVH 326 FDQ EH 1D�� 1E� 1F�

1G� 1I DQG 1K EXW QRW 1FG�

� Wz LV D ZRUG WKDW FDQQRW EH 1D� 1E� 1F� 1G� 1K� 1H DQG 1I H[FHSW 1EF

DQG 1FG�

&KLQHVH 6NHWFK (QJLQH DGRSWV 0XWXDO ,QIRUPDWLRQ �0,� WR PHDVXUH WKH VDOLHQFH RI D

FROORFDWLRQ� DQG WKH DOJRULWKP RI 0, LV

MI�score = ORJ2
fxyN

fxfy

� PHDQV DQ\ OHWWHU�V�

��



ZKHUH fx LV WKH QXPEHU RI RFFXUUHQFHV RIZRUGX � fy LV WKH QXPEHU RI RFFXUUHQFHV RIZRUG

Y � fxy LV WKH QXPEHU RI FR�RFFXUUHQFHV RI ZRUGVX DQG Y � DQGN LV WKH FRUSXV VL]H� L�H��

WKH QXPEHU RI WRNHQV LQ WKH FRUSXV� 0, VFRUHV SURYLGHV DPHDVXUH RI WKH DVVRFLDWLRQ GHJUHH

RI D JLYHQ ZRUG ZLWK RWKHUV� +RZHYHU� 0, VFRUH LV QRW ZLWKRXW LWV IODZ� $V VXJJHVWHG

E\ .LOJDUULII 	 .RVHP ������� ³2QH IODZ RI WKH RULJLQDO ZRUN LV WKDW 0, HPSKDVLVHV

UDUH ZRUGV �DQG DQ DG KRF IUHTXHQF\ WKUHVKROG KDV WR EH LPSRVHG RU WKH OLVW ZRXOG EH

GRPLQDWHG E\ YHU\ UDUH LWHPV��´ 7KDW LV� 0, VFRUH EULQJV XS ZRUGV ZKLFK DUH QRW IUHTXHQW

LQ WKH FRUSXV� 7KXV� ORJ'LFH �5\FKOǤ� ����� LV LPSOHPHQWHG LQ 377 &RUSXV DV WKH

PHDVXUHPHQW RI FROORFDWLRQV�

7KH DOJRULWKP RI ORJ'LFH LV

logDice = 14 + ORJ2
2fxy

fx+ fy

LQ ZKLFK �� LV D WKHRUHWLFDO PD[LPXP� LQ FDVH ZKHQ DOO RFFXUUHQFHV RI X FR�RFFXU ZLWK

Y DQG DOO RFFXUUHQFHV RI Y FR�RFFXU ZLWK ;� 7KH YDOXH� KRZHYHU� LV XVXDOO\ OHVV WKHQ ���

377 &RUSXV XVHG WKH ORJ'LFH DOJRULWKP DGMXVWHG E\ 6NHWFK (QJLQH� ZKLFK LV

logDice = 14 + ORJ2
2 · ||w1, R, w2||

||w1, R, ∗||+ ||∗, ∗, w2||

ZKHUH ||w1, R, w2|| UHSUHVHQWV WKH QXPEHU RI RFFXUUHQFHV RI WKH KHDGZRUG �w1� DQG LWV

FROORFDWH �w2�� ||w1, R, ∗|| UHSUHVHQWV QXPEHU RI RFFXUUHQFHV RI WKH KHDGZRUG LQ WKH JUDPPDWLFDO

UHODWLRQ �R� ZLWK DQ\ RWKHU FROORFDWH �∗�� DQG ||∗, ∗, w2|| UHSUHVHQWV QXPEHU RI RFFXUUHQFHV

RI WKH FROORFDWH LQ DQ\ JUDPPDWLFDO UHODWLRQ ZLWK DQ\ KHDGZRUG� +HQFH� WKH HTXDWLRQ

LV EDVHG QRW RQO\ RQ WKH IUHTXHQF\ RI WKH WZR ZRUGV� EXW DOVR RQ WKH IUHTXHQF\ RI WKH

KHDGZRUG LQ D FHUWDLQ JUDPPDWLFDO UHODWLRQ ZLWK WKH FROORFDWH LQ DQ\ RWKHU JUDPPDWLFDO

UHODWLRQ VKLS� $OVR� LQ FRQWUDVW WR 0, VFRUH� WKH VFRUH RI ORJ'LFH LV ZLWKRXW UHJDUG WR WKH

FRUSXV VL]H� ZKLFK LPSOLHV WKDW H[WUDFWLRQ RI FROORFDWLRQV LQ VPDOO FRUSRUD LV VWLOO YDOLG DQG

IHDVLEOH�

7R ILQG FROORFDWLRQV RI D ZRUG LQ 377 &RUSXV� RQH FDQ VLPSO\ TXHU\ WKH ZRUG E\

FKRRVLQJ &ROORFDWLRQ IXQFWLRQ� )LJXUH ���� LV WKH RXWSXW IRU 㢈帺� DV DQ H[DPSOH� 7KH

��



RXWSXW VKRZV WKH JUDPPDWLFDO UHODWLRQV RI㢈帺� VXFK DV SRVVHVVRU DQG PRGLILHV� DQG HDFK

ER[ FRQWDLQV LWV FROORFDWHV� IUHTXHQF\ RI FROORFDWHV DQG WKH VFRUH RI ORJ'LFH� )RU H[DPSOH�

慻⡙ LV WKH REMHFW RI㢈帺� DQG WKH\ FR�RFFXU �� WLPHV LQ 377 &RUSXV ZLWK WKH ORJ'LFH

VFRUH RI ��������

)LJXUH ����� &ROORFDWHV RI㢈帺

��� (PRWLFRQ GHWHFWRU

$Q HPRWLFRQ LV D FRPELQDWLRQ RI FKDUDFWHUV� OHWWHUV� QXPEHUV RU SXQFWXDWLRQV ZKLFK LV

XVHG WR H[SUHVV D SHUVRQʡV IHHOLQJV PRRG RU HPRWLRQ� ,W KDV EHHQ REVHUYHG WKDW HPRWLFRQV

DUH SHUYDVLYHO\ XVHG RQ WKH :HE� DQG 377 LV QR H[FHSWLRQ� 7KH LPSRUWDQFH RI HPRWLFRQV

KDV GUDZQ JUHDW DWWHQWLRQ IURP OLQJXLVWLFV� VHQWLPHQW DQDO\VLV� 1/3� HWF� $FFRUGLQJ WR

3WDV]\QVNL HW DO� ������� HPRWLFRQV FDQ EH GLYLGHG LQWR WKUHH FDWHJRULHV DV IROORZV� LQ

ZKLFK (PRWLFRQ GHWHFWRU ZLOO RQO\ IRFXV RQ 7\SH � DQG 7\SH ��

7\SH �� :HVWHUQ W\SH� H�J�� :&� ��
� ���

��



7\SH �� (DVWHUQ W\SH �D�N�D.DRPRML�� H�J�� Ὗὡ蘺u 蘺ὡὠ�쉙쉊쉉쉈쉇䀦쉁
Ӊ蕮ӈ�쉀欣쉇쉈쉉쉊쉚�

7\SH �� 0XOWL�OLQH $6&,, DUW W\SH� H�J��

╞ⓜ╞ⓜ藻╾⋄⋄
쉖 삤 삤 쉓�
쉖쉗쉗쉗쉗쉓
쉖샄샄샄샄쉓
�쉌쉌 
^ ^

377 &RUSXV DGRSWV WKH OH[LFRQ�EDVHG DSSURDFK WR H[WUDFW HPRWLFRQV IURP 377� $Q

HPRWLFRQ OH[LFRQ ZKLFK FRQWDLQV ��� FRPPRQ HPRWLFRQV ZDV EXLOW WR GHWHFW LI D VHQWHQFH

RU WH[W FRQWDLQV DQ\ HPRWLFRQV� 6R IDU� RYHU ������� HPRWLFRQV KDV EHHQ UHFRJQL]HG

LQ 377 &RUSXV� DQG WKH DPRXQW LV VWLOO LQFUHDVLQJ� )LJXUH ���� VKRZV WKH IUHTXHQF\

GLVWULEXWLRQ RI HPRWLFRQV LQ 377 &RUSXV� LQ ZKLFK [�D[LV UHSUHVHQWV WKH \HDU DQG \�D[LV

UHSUHVHQWV WKH IUHTXHQF\�

)LJXUH ����� )UHTXHQF\ GLVWULEXWLRQ RI HPRWLFRQV LQ 377 &RUSXV

7KH RQOLQH GHPR RI (PRWLFRQ 'HWHFWRU DQG WKH UHVXOW DUH VKRZQ LQ ���� DQG ����

UHVSHFWLYHO\�

��� 6HQWLPHQW SRODULW\ FODVVLILHU

377 &RUSXV DOVR LPSOHPHQWV D UXGLPHQWDU\ FODVVLILHU� 6HQWLSRO &ODVVLILHU�

LQ DQ DWWHPSW WR FDSWXUH WKH VHQWLPHQW SRODULW\ RI WH[WV RU VHQWHQFHV IURP 377�

��



)LJXUH ����� ,QWHUIDFH RI (PRWLFRQ 'HWHFWRU

)LJXUH ����� $Q H[DPSOH RI (PRWLFRQ 'HWHFWRU

����� 'DWD WUDLQLQJ

6HQWLSRO &ODVVLILHU DGRSWV WKH XQVXSHUYLVHG FODVVLILFDWLRQ PHWKRG� )LUVW�

2QH WKLUG RI SRVWV LQ HDFK ERDUG IURP 377 &RUSXV ZHUH UHWULHYHG� DQG HDFK SRVW

ZDV VHJPHQWHG ZLWK -VHJ DQG WKH SRODULWLHV DUH GHWHUPLQHG E\ FRPSDULQJ WKH QXPEHU

RI SRVLWLYH ZRUGV DQG QHJDWLYH ZRUGV WKDW RFFXU LQ HDFK SRVW� 7KH QXPEHU RI SRVLWLYH

DQG QHJDWLYH ZRUGV ZHUH FDOFXODWHG E\ FRPSDULQJ WH[WV ZLWK PL[HG HPRWLRQ�GHVFULELQJ

ZRUG OLVW �/X HW DO�� ������ D ZRUG OLVW FRPSRVHG RI 6WDQGDUG 6WLPXOL DQG 1RUPDWLYH

5HVSRQVHV RI (PRWLRQV� DQG 1786' �.X 	 &KHQ� ����� ZLWK ���� SRVLWLYH ZRUGV DQG

��,��� QHJDWLYH ZRUGV� 1H[W� IROORZLQJ -DOLOYDQG 	 6DOLP ������� WKH QXPEHU RI SRVLWLYH

ZRUGV DQG QHJDWLYH ZRUGV DUH FRXQWHG LQ HDFK SRVW� DQG WKHLU QXPEHUV DUH FRPSDUHG� 7KH
�KWWS���VVQUH�SV\�QWX�HGX�WZ�

��



SRODULW\ VFRUH LV GHILQHG DV�

1XPEHU RI SRVLWLYH ZRUGV � 1XPEHU RI QHJDWLYH ZRUGV`

)LQDOO\� ���� SRVWV ZLWK WKH KLJKHVW DQG ORZHVW SRVLWLYH DQG QHJDWLYH SRODULW\ VFRUHV DUH

FODVVLILHG DV SRVLWLYH DQG QHJDWLYH UHVSHFWLYHO\�

����� (YDOXDWLRQ

$ WHQ�IROG FURVV�YDOLGDWLRQZDV XVHG IRU WKH HYDOXDWLQJ WKUHH FRPPRQ FODVVLILHUV� 1DLYH

%D\HV �1%� FODVVLILHU� N�QHDUHVW QHLJKERUV �.11� FODVVLILHU DQG VXSSRUW YHFWRU PDFKLQH

�690� FODVVLILHU� 7HQ WHVWV ZHUH SHUIRUPHG RQ HDFK FODVVLILHU� DQG HDFK WLPH WKH FODVVLILHU

SDUWLWLRQV WKH WUDLQHG IHDWXUH�ZHLJKW LQWR GLIIHUHQW VXEVHWV IRU WUDLQLQJ DQG WHVWLQJ� 7KH

FURVV YDOLGDWLRQ FDQ DYRLG DOZD\V XVLQJ WKH VDPH GDWDVHW IRU WUDLQLQJ ZKLFK PD\ JHQHUDWHV

VRPH ELDVHG UHVXOWV� 5HVXOWV DUH VKRZQ LQ 7DEOH ����

7DEOH ���� (YDOXDWLRQ RI GLIIHUHQW FODVVLILHUV

$FFXUDF\ 3UHFLVLRQ 5HFDOO )��VFRUH
1% ����� ����� ����� �����
.11 ����� ����� ����� �����
690 ����� ����� ����� �����

$V FDQ EH VHHQ� 690 FODVVLILHU KDV WKH EHVW SHUIRUPDQFH� VR 6HQWLSROZLOO XVH 690

FODVVLILFDWLRQ PHWKRG�

7R HQKDQFH WKH SHUIRUPDQFH RI WKH FODVVLILHU� SRVLWLYH DQG QHJDWLYH ZRUGV DUH XVHG DV

IHDWXUHV DQG WKHLU IUHTXHQFLHV DUH FRXQWHG DV ZHLJKW� )HDWXUHV DQG ZHLJKWV DUH SDLUZLVH�

DQG WKH\ DUH SXW LQWR 6HQWLSRO FODVVLILHU� ,Q VHQWHQFH㏴徝徝䢚䟿㜴℺�桞ㆥ

戞瀷⪕‵✗㳜� IRU H[DPSOH� WKH SRVLWLYH ZRUGV㜴℺ DQG✗㳜 DUH UHFRJQL]HG DV IHDWXUHV�

DQG WKHLU IUHTXHQFLHV DUH FRXQWHG DV WKH ZHLJKWV� ��,��� RXW RI ��,��� ZRUGV DUH XVHG DV

IHDWXUHV �GHWDLOV DUH VKRZQ LQ $SSHQGL[ $��� LQ ZKLFK WKHUH DUH ���� SRVLWLYH ZRUGV DQG

���� QHJDWLYH ZRUGV�

$ VLPSOH FDOFXODWLRQ RI WKH SHUFHQWDJH RI SRVWV LQ HDFK ERDUG FDQ EH PDGH E\ XVLQJ

WKH FODVVLILHU� ,Q 7DEOH ���� ZH XVH *RVVLSLQJ� +DWH� )X0RX'LVFXVV DQG MRNH DV H[DPSOHV�

��



7DEOH ���� 3RODULW\ SHUFHQWDJH RI SRVWV LQ *RVVLSLQJ� +DWH� )X0RX'LVFXVV DQG MRNH

%RDUG 3RVLWLYH 1HJDWLYH 1HXWUDO
*RVVLSLQJ �⋦ⓡ䏃� ����� ����� �����
+DWH �灌䏴䏃� ����� ����� �����
)X0RX'LVFXVV �㢈帺䏃� ����� ����� �����
MRNH �䲌寬䏃� ����� ����� �����

377 &RUSXV DOVR SURYLGHV DZHE LQWHUIDFH IRU VHQWLPHQW SRODULW\ FODVVLILHU6HQWLSRO

&ODVVLILHU� DV VKRZQ LQ )LJXUH �����

)LJXUH ����� ,QWHUIDFH IRU 6HQWLSRO &ODVVLILHU

)LJXUH ���� LV WKH RXWSXW RI 6HQWLSRO &ODVVLILHU� ,Q WKH UHVXOW� 3RVLWLYH ZRUGV

DQG QHJDWLYH ZRUGV DUH KLJKOLJKHG ZLWK \HOORZ DQG EOXH FRORU� DQG WKH WKH SRODULW\ DQG

HPRWLRQ ZRUGV WKDW DUH XVHG E\ WKH 6HQWLSRO &ODVVLILHU RI WKH SRVW ZLOO EH VKRZQ

LQ WKH ORZHU ER[HV�

��



)LJXUH ����� $Q H[DPSOH RI 6HQWLSRO &ODVVLILHU

��



&KDSWHU �

&RQFOXVLRQV

%\ PHDQV RI WKLV VWXG\� ZH KDYH LQVSHFWHG WZR PDMRU WRSLFV� WKH FRQVWUXFWLRQ RI

377 &RUSXV DQG WKH DSSOLFDWLRQV E\ H[SORLWLQJ 377 FRUSRUD� ,Q FKDSWHU �� ZH GHVFULEH

WKH PHWKRGRORJ\ DQG SURFHGXUHV IRU WKH FROOHFWLRQ� FRPSLODWLRQ DQG SUHSURFHVVLQJ RI WKH

SURSRVHG 377 FRUSRUD� ,Q SDUWLFXODU� ZH KDYH VKRZQ WKH PXOWLGLPHQVLRQDOLW\ RI 377

FRUSRUD� LQ ZKLFK LW FRQWDLQV DEXQGDQW PHWDLQIRUPDWLRQ ZLWK WKH YDOXH RI PXOWLSOH UHVHDUFK

SXUSRVHV� $OVR� ZH KDYH DOVR GLVFXVVHG WKH PHWKRG RI ZRUG VHJPHQWDWLRQ XVHG LQ 377

&RUSXV� +00 DQG '$* ZLWK WKH WUDLQLQJ GDWD IURP 6LQLFD &RUSXV ZHUH XVHG LQ WKH

VHJPHQWDWRU ZLWK )��VFRUH DW ����� )XUWKHUPRUH� %ULOO WDJJHU ZLWK WUDLQLQJ GDWD IURP

6LQLFD 7UHHEDQN ZDV XVHG DV WKH 326 WDJJHU ZLWK WKH DFFXUDF\ DW �����

,Q &KDSWHU �� ZH LQWURGXFH ILYH DSSOLFDWLRQV RI 337 &RUSXV� ZKLFK DUH VXPPDUL]HG

DV IROORZV�

� 6HJFRP� LV XVHG IRU FRPSDULQJ WKH UHVXOWV EHWZHHQ &.,3 6HJPHQWDWRU DQG -VHJ�

� &RQFRUGDQFHU� DQ LQWHUIDFH IRU XVHU WR PDNH FRQFRUGDQFH RI D TXHU\ LQ TXHVWLRQ�

2QH FDQ TXHU\ LQ UDZ GDWD RU TXHU\ ZLWK &:%�&43�

� *UDPPDWLFDO FROORFDWLRQ H[WUDFWRU� D FRUSXV WRRO IRU H[WUDFWLQJ FROORFDWLRQ

E\ XVLQJ &KLQHVH VNHWFK JUDPPDU DQG ZLWK ORJ'LFH�

� (PRWLFRQ GHWHFWRU� D PRGXOH IRU GHWHFWLQJ HPRWLFRQV�

��



� 6HQWLPHQW SRODULW\ FODVVLILHU� DQ 690 FODVVLILHU IRU FODVVLI\LQJ WKH

VHQWLPHQW SRODULW\ RI D JLYHQ WH[W RU VHQWHQFH�

7R FRQFOXGH� 377 &RUSXV� WR WKH EHVW RI RXU NQRZOHGJH� LV WKH ILUVW FRPSUHKHQVLYH

377�EDVHG FRUSXV V\VWHP ZLWK LQWHUDFWLYH LQWHUIDFH ZKLFK FRQWDLQV D VHULHV RI WRROV IRU

UHVHDUFKHUV WR H[SORUH PXOWLGLPHQVLRQDOLW\ RI 377 GDWD� $OVR� WKH V\VWHP LV GHGLFDWHG WR

SURYLGH DQ XVHU�IULHQGO\� RSHQ�VRXUFH DQG HDVLO\ DFFHVVLEOH LQWHUIDFH� 7KH V\VWHP SURYLGHV

XVHIXO DSSOLFDWLRQV WR VLPSOLI\ WKH DQDO\VLV� KHOSLQJ WKH UHVHDUFKHU PRUH IRFXV RQ WKH

FRQWHQW RI WKH UHVHDUFK� $OWKRXJK 377 &RUSXV LV VWLOO LQ LWV LQIDQF\� ZH KRSH WKDW WKH

HVWDEOLVKPHQW RI 377 &RUSXV PD\ FRQWULEXWH LQ VXSSOHPHQWLQJ WKH VRXUFH RI PRGHUQ

FRUSRUD LQ 7DLZDQ 0DQGDULQ� DQG IDFLOLWDWH WKH FRUSXV�EDVHG�FRUSXV�GULYHQ OLQJXLVWV LQ

7DLZDQ 0DQGDULQ�

��



$SSHQGL[ $

7KH ZHLJKW RI VHOHFWHG IHDWXUHV

7DEOH $��� 7RS �� IHDWXUHV DQG WKHLU IUHTXHQFLHV RI 3RVW

3RVLWLYH 1HJDWLYH

:RUG )UHTXHQF\ :RUG )UHTXHQF\

嬵ㄒ ������ � ⿴ ������ �

懿㞪 ������ � ᾈ㡾 ������ �

㞽朎 ������ � 㡻ㄇ ������ �

⽭伎 ������ � ᾈ嫼 ������ �

懿㢄 ������ � ⛊槇 ������ �

⋱ⵡ ������ � 䚕卮 ������ �

✗㳜 ������ � 䊜㹐 ������ �

⪕ ������ � ⿴⃛⮓ ������ �

⾇㢖 ������ � ᾈ剸 ������ �

㊚嬵 ������ � ⰸ䟿 ������ �

䟷䕹 ������ � 應┶ ������ �

棙⾳ ������ � ╪㞪 ������ �

䛱䊱 ������ � ⁑ⰸ䟿 ������ �

㍄寭 ������ � ⎁㏆ ������ �

專䈵 ������ � 桝朆 ������ �

&RQWLQXHG RQ QH[W SDJH

��



7DEOH $�� ± &RQWLQXHG IURP SUHYLRXV SDJH

:RUG )UHTXHQF\ :RUG )UHTXHQF\

䈵 ������ � ⫽㳟 ������ �

䈵  ������ � 冇⽭ ������ �

ᾈ撪 ������ � ㆉ㮞 ������ �

㎋䈵 ������ � 䱚䊱 ������ �

姣䪵 ������ � ᾈ䊱 ������ �

ⶬ㡾 ������ � ᾈ䚣 ������ �

䟷ⷐ ������ � ⃛⁑ⰸ ������ �

姣䕹 ������ � ᾈ䴜 ������ �

㉮嫼 ������ � 㯚恅 ������ �

⫸≊ ������ � 懿㸍 ������ �

䡯㔠 ������ � ᾈ䎸 ������ �

◅宯 ������ � ╈㳞 ������ �

扸㡾 ������ � 扸㸍 ������ �

⍵䕹 ������ � ᾈ㞪 ������ �

䟷䚚 ������ � 㳲╭ ������ �

⪢㫽 ������ � 扸㸍㢄 ������ �

␥␖ ������ � Ὶ㸍㢄 ������ �

俷倇 ������ � 䚚㶞 ������ �

侸㞪 ������ � ᾈ⪥ ������ �

䲧ύ ������ � 宨它 ������ �

▇㞽 ������ � 㸍愡㹐 ������ �

㯚㡾 ������ � 㸍㉮⎫ ������ �

懿嫼 ������ � ╪㉗ ������ �

Ὶ宬 ������ � ᾈ㛝 ������ �

₷Έ ������ � ⃛ⰸ ������ �

⢣ύ廲 ������ � 㙏ㄾ ������ �

&RQWLQXHG RQ QH[W SDJH

��



7DEOH $�� ± &RQWLQXHG IURP SUHYLRXV SDJH

:RUG )UHTXHQF\ :RUG )UHTXHQF\

䲧ύ㲜 ������ � ᾈ㌽ ������ �

㦴㢧 ������ � 桞應 ������ �

悐 ������ � ╈冇 ������ �

Ὶ㡾 ������ � ⁑ⰸ ������ �

楮㭽 ������ � ᾡ㸍㢄 ������ �

⫸ ������ � ᾡᾈ ������ �

㊖㉀ ������ � 桞 ������ �

卥䚬 ������ � ᾈ⪛ ������ �

ⵡ⢣ ������ � 㸍※瀷 ������ �

��



$SSHQGL[ %

7KH %ULOO 7DJJHU

7DEOH %��� &RYHUDJH PHWULFV

7DJ )RXQG $FWXDO 3UHFLVLRQ 5HFDOO
$ ��� ��� ������������� �������������
&DD ���� ���� ��� ���
&DD>3�@ �� �� ��� �������������
&DD>3�@ � � ��� ���
&DD>3�@ �� �� ��� ���
&DD>3�@ � � ��� ���
&DE ��� ��� ��� ���
&EDD ��� ��� ��� �������������
&EDE � � ��� ���
&EED ��� ��� ��� ���
&EEE �� �� ��� ���
&EFD ��� ��� ��� �������������
&EFE ��� ��� ��� �������������
'( ���� ���� ������������� ���
'0 ���� ���� ��� �������������
'DD ��� ��� ��� �������������
'DE ��� ��� ��� ���
'EDD ��� ��� ��� �������������
'EDE ���� ���� ���� �������������
'EE ���� ���� ��� �������������
'EF � � ��� ���
'F ��� ��� ��� ���
'G ���� ���� ��� �������������
'ID ��� ��� ��� �������������
'IE �� �� ��� ���
'J �� �� ��� ���
'K ��� ��� ��� �������������
&RQWLQXHG RQ QH[W SDJH

��



7DEOH %�� ± &RQWLQXHG IURP SUHYLRXV SDJH
7DJ )RXQG $FWXDO 3UHFLVLRQ 5HFDOO
'L ���� ���� ������������� �������������
'M ��� ��� ��� ���
'N �� �� ��� �������������
+HDG � � ��� ���
, � � ��� ���
1DD ��� ��� ��� �������������
1DE ���� ���� ��� �������������
1DE>�632@ � � ��� ���
1DF ���� ���� ��� �������������
1DF>�632@ � � ��� ���
1DG ���� ���� ��� �������������
1DG>�632@ � � ��� ���
1DHD ��� ��� ��� ���
1DHE ��� ��� ��� �������������
1ED ���� ���� ��� �������������
1EF ��� ��� ��� �����
1FD ���� ���� ��� ���
1FE ���� ���� ��� �������������
1FF ��� ��� ��� ���
1FGD ���� ���� ��� ���
1FGE ��� ��� ��� �������������
1FH ��� ��� ��� ���
1GDDD �� �� ��� ���
1GDDE �� �� ��� ���
1GDDF � � ��� ���
1GDDG �� �� ��� ���
1GDED �� �� ��� �������������
1GDEE �� �� ��� ���
1GDEF ��� ��� ��� �������������
1GDEG ��� ��� ��� ���
1GDEH ��� ��� ��� ���
1GDEI �� �� ��� ���
1GF �� �� ��� ���
1GGD ��� ��� ��� ����
1GGE �� �� ��� �������������
1GGF ��� ��� ��� �������������
1HS ��� ��� ��� ���
1HTD ��� ��� ��� ���
1HTE � � ��� ���
1HV ��� ��� ��� �������������
1HX ��� ��� ��� �������������
1ID �� �� ��� ���
1IF � � ��� ���
1IG � � ��� ���
1IJ �� �� ��� ���
&RQWLQXHG RQ QH[W SDJH

��



7DEOH %�� ± &RQWLQXHG IURP SUHYLRXV SDJH
7DJ )RXQG $FWXDO 3UHFLVLRQ 5HFDOO
1IL � � ��� ���
1J ���� ���� ��� ���
1KDD ���� ���� ��� �������������
1KDE ��� ��� ��� ���
1KDF �� �� ��� ���
1KE �� �� ��� ���
1KF �� �� ��� ���
1Y� ��� ��� ��� �������������
1Y� �� �� ��� ���
1Y� �� �� ��� ���
1Y� ��� ��� ��� �������������
3�� � � ��� ���
3�� ��� ��� ��� ���
3�� ��� ��� ��� ���
3�� �� �� ��� ���
3�� ��� ��� ��� ���
3�� ��� ��� ��� �������������
3�� � � ��� ���
3�� � � ��� ���
3�� � � ��� ���
3�� ��� ��� ��� ���
3��>�SDUW@ � � ��� ���
3�� � � ��� ���
3�� �� �� ��� ���
3�� � � ��� ���
3�� �� �� ��� ���
3�� �� �� ��� �������������
3�� � � ��� ���
3�� � � ��� ���
3�� ��� ��� ��� ���
3�� �� �� ��� ���
3��>�SDUW@ � � ��� ���
3�� ���� ���� ��� ����
3��>�SDUW@ � � ��� ���
3�� � � ��� ���
3�� ��� ��� ��� ���
3�� � � ��� �������������
3�� � � ��� ���
3�� �� �� ��� ���
3�� �� �� ��� ���
3�� � � ��� ���
3�� � � 1RQH ���
3�� �� �� ��� ���
3�� ��� ��� ��� ���
3��>�SDUW@ �� �� ��� ���
&RQWLQXHG RQ QH[W SDJH

��



7DEOH %�� ± &RQWLQXHG IURP SUHYLRXV SDJH
7DJ )RXQG $FWXDO 3UHFLVLRQ 5HFDOO
3�� �� �� ��� ���
3��>�SDUW@ � � ��� ���
3�� ��� ��� ��� ���
3��>�SDUW@ � � ��� ���
3�� � � ��� ���
3�� �� �� ��� ���
3�� �� �� ��� ���
3�� �� �� ��� ���
3�� � � ��� ���
3�� �� �� ��� ���
3�� �� �� ��� ���
3�� �� �� ��� ���
3�� � � ��� ���
3�� � � ��� ���
3�� �� �� ��� ���
3�� � � ��� ���
3�� �� �� ��� ���
3�� �� �� ��� ���
3�� � � ��� �������������
3�� �� �� ��� ���
3�� �� �� ��� ���
3��>�SDUW@ � � ��� ���
3�� �� �� ��� ���
3�� �� �� ��� ���
3�� �� �� ��� ���
3�� ��� ��� ��� ���
3�� ��� ��� ��� ���
3�� �� �� ������������� ���
3�� � � ��� ���
3�� � � ��� ���
6WU � � 1RQH ���
7D ��� ��� ��� ���
7E �� �� ��� ���
7F ��� ��� ��� ���
7G �� �� ��� �����
9$ � � ��� ���
9$�� ��� ��� ������������� ���
9$��>�$63@ � � ��� ���
9$��>�1(*@ � � ��� ���
9$�� ��� ��� ��� �������������
9$�� ��� ��� ��� ���
9$� �� �� ��� ���
9$�>�639@ � � ��� ���
9$� �� �� ��� ���
9$�>�$63@ � � ��� ���
&RQWLQXHG RQ QH[W SDJH

��



7DEOH %�� ± &RQWLQXHG IURP SUHYLRXV SDJH
7DJ )RXQG $FWXDO 3UHFLVLRQ 5HFDOO
9$� ��� ��� ��� ���
9$�>�$63@ �� �� ��� ���
9$�>�1(*��$63@ � � ��� ���
9$�>�639@ � � ��� ���
9%�� �� �� ��� �������������
9%��>�$63@ � � ��� ���
9%��>�1(*@ � � ��� ���
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9&��>�639@ � � ��� ���
9&�� ��� ��� ��� ���
9'� ��� ��� ��� ���
9'� �� �� ��� ���
9'�>�1(*@ � � ��� ���
9(�� �� �� ��� ���
9(�� ��� ��� ��� ���
9(� ���� ���� ������������� �������������
9(�>�'(@ � � ��� ���
9(�>�1(*@ � � ��� ���
9)� ��� ��� ��� �������������
9)� ��� ��� ��� �������������
9*� ��� ��� ��� �������������
9*�>�1(*@ � � ��� ���
9*� ��� ��� ��� �������������
9+�� ���� ���� ��� �������������
9+��>�$63@ � � ��� ���
9+��>�'(@ � � ��� ���
9+��>�1(*@ � � ��� ���
9+�� ��� ��� ��� ���
9+�� ��� ��� ��� ���
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5HIHUHQFHV

%LUG� 6WHYHQ� (ZDQ .OHLQ 	 (GZDUG /RSHU� ������� 1DWXUDO ODQJXDJH SURFHVVLQJ ZLWK

S\WKRQ� ´ 2¶5HLOO\ 0HGLD� ,QF�´�

%ULOO� (ULF� ������� $ VLPSOH UXOH�EDVHG SDUW RI VSHHFK WDJJHU� ,Q 3URFHHGLQJV RI WKH

ZRUNVKRS RQ VSHHFK DQG QDWXUDO ODQJXDJH� ���±���� $VVRFLDWLRQ IRU &RPSXWDWLRQDO

/LQJXLVWLFV�

&KHQ� )HQJ�<L� 3L�)DQJ 7VDL� .HK�-LDQQ &KHQ 	 &KX�5HQ +XDQJ� ������� 7KH

FRQVWUXFWLRQ RI VLQLFD WUHHEDQN� &RPSXWDWLRQDO /LQJXLVWLFV DQG &KLQHVH /DQJXDJH

3URFHVVLQJ �� ��±����

&KHQ� .HK�-LDQQ� &KX�5HQ +XDQJ� /L�3LQJ &KDQJ 	 +XL�/L +VX� ������� 6LQLFD FRUSXV�

'HVLJQ PHWKRGRORJ\ IRU EDODQFHG FRUSRUD� /DQJXDJH ���� ����

&KHQ� 0HL�<X� +VLQ�1L /LQ� &KDQJ�$Q 6KLK� <HQ�&KLQJ +VX� 3HL�<X +VX 	 6KX�.DL

+VLHK� ������� &ODVVLI\LQJ PRRG LQ SOXUNV� ,Q 5RFOLQJ� �

&KULVW� 2OLYHU� ������� 7KH LPV FRUSXV ZRUNEHQFK WHFKQLFDO PDQXDO� ,QVWLWXW I�U

PDVFKLQHOOH 6SUDFKYHUDUEHLWXQJ� 8QLYHUVLW DW 6WXWWJDUW �

&KULVW� 2OLYHU� %UXQR06FKXO]H� $QMD +RIPDQQ	(VWKHU .RHQLJ� ������� 7KH LPV FRUSXV

ZRUNEHQFK� &RUSXV TXHU\ SURFHVVRU �FTS�� 8VHU¶V PDQXDO� 8QLYHUVLW\ RI 6WXWWJDUW ��

&U\VWDO� 'DYLG� ������� 'LFWLRQDU\ RI OLQJXLVWLFV DQG SKRQHWLFV� YRO� ��� -RKQ :LOH\ 	

6RQV�

'H 6FKU\YHU� *LOOHV�0DXULFH� ������� :HE IRU�DV FRUSXV� $ SHUVSHFWLYH IRU WKH DIULFDQ

ODQJXDJHV� 1RUGLF -RXUQDO RI $IULFDQ 6WXGLHV ������ ���±����

��



(YHUW� 6WHIDQ� ������� 7KH FTS TXHU\ ODQJXDJH WXWRULDO �

(YHUW� 6WHIDQ 	 $QGUHZ +DUGLH� ������� 7ZHQW\�ILUVW FHQWXU\ FRUSXV ZRUNEHQFK�

8SGDWLQJ D TXHU\ DUFKLWHFWXUH IRU WKH QHZ PLOOHQQLXP �

)DLURQ� &pGULFN� .pYLQ 0DFp 	 +XEHUW 1DHWV� ������� *ORVVDQHW �� D OLQJXLVWLF VHDUFK

HQJLQH IRU UVV�EDVHG FRUSRUD� ,Q 3URFHHGLQJV RI WKH �WK ZHE DV FRUSXV ZRUNVKRS �ZDF�

��� ��±��� &LWHVHHU�

)OHWFKHU� :LOOLDP +� ������� 0DNLQJ WKH ZHE PRUH XVHIXO DV D VRXUFH IRU OLQJXLVWLF

FRUSRUD� /DQJXDJH DQG &RPSXWHUV ������ ���±����

)OHWFKHU� :LOOLDP +� ������� &RQFRUGDQFLQJ WKH ZHE� SURPLVH DQG SUREOHPV� WRROV DQG

WHFKQLTXHV� /DQJXDJH DQG &RPSXWHUV ������ ��±���

+D\DVKL� <RVKLKLNR� *HQʡLFKLUR .LNXL 	 6HLML 6XVDNL� ������� 7LWDQ� $ FURVV�OLQJXLVWLF

VHDUFK HQJLQH IRU WKH ZZZ� ,Q :RUNLQJ QRWHV RI DDDL��� VSULQJ V\PSRVLXPV RQ FURVV�

ODQJXDJH WH[W DQG VSHHFK UHWULHYDO� ��±���

+VLHK� 6KX�.DL� ������� (YDOXDWLQJ FKLQHVH ZHE�DV�FRUSXV� /LQJXLVWLF &RUSXV DQG &RUSXV

/LQJXLVWLFV LQ WKH &KLQHVH &RQWH[W�

+XDQJ� &KX�5HQ� $GDP .LOJDUULII� <LFKLQJ :X� &KLK�0LQJ &KLX� 6LPRQ 6PLWK� 3DYHO

5\FKO\� 0LQJ�+RQJ %DL 	 .HK�-LDQQ &KHQ� ������� &KLQHVH VNHWFK HQJLQH DQG WKH

H[WUDFWLRQ RI JUDPPDWLFDO FROORFDWLRQV� ,Q 3URFHHGLQJV RI WKH IRXUWK VLJKDQ ZRUNVKRS

RQ FKLQHVH ODQJXDJH SURFHVVLQJ� ��±���

-DOLOYDQG� $EEDV 	 1DRPLH 6DOLP� ������� 6HQWLPHQW FODVVLILFDWLRQ XVLQJ JUDSK EDVHG

ZRUG VHQVH GLVDPELJXWLRQ� ,Q $GYDQFHG PDFKLQH OHDUQLQJ WHFKQRORJLHV DQG DS�

SOLFDWLRQV� ���±���� 6SULQJHU�

.DSODQ� $QGUHDV 0� 	 0LFKDHO +DHQOHLQ� ������� 8VHUV RI WKH ZRUOG� XQLWH� WKH

FKDOOHQJHV DQG RSSRUWXQLWLHV RI VRFLDO PHGLD� %XVLQHVV +RUL]RQV ������ �� ± ��� GRL�

KWWS���G[�GRL�RUJ���������M�EXVKRU������������� KWWS���ZZZ�VFLHQFHGLUHFW�

FRP�VFLHQFH�DUWLFOH�SLL�6�����������������

��
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.LOJDUULII� $GDP� ������� :HE DV FRUSXV� ,Q 3URFHHGLQJV RI FRUSXV OLQJXLVWLFV �����

���±���� &RUSXV /LQJXLVWLFV� 5HDGLQJV LQ D :LGHQLQJ 'LVFLSOLQH�

.LOJDUULII� $GDP 	 *UHJRU\ *UHIHQVWHWWH� ������� ,QWURGXFWLRQ WR WKH VSHFLDO LVVXH RQ WKH

ZHE DV FRUSXV� &RPSXWDWLRQDO OLQJXLVWLFV ������ ���±����

.LOJDUULII� $GDP 	 ,]WRN .RVHP� ������� &RUSXV WRROV IRU OH[LFRJUDSKHUV� *UDQJHU� 6�

DQG 0� 3DTXRW �(GV�� ����� ��±���

.LOJDUULII� $GDP 	 'DYLG 7XJZHOO� ������� 6NHWFKLQJ ZRUGV� /H[LFRJUDSK\ DQG 1DWXUDO

/DQJXDJH 3URFHVVLQJ� $ )HVWVFKULIW LQ +RQRXU RI %� 76 $WNLQV ���±����

.X� /XQ�:HL 	+VLQ�+VL &KHQ� ������� 0LQLQJ RSLQLRQV IURP WKH ZHE� %H\RQG UHOHYDQFH

UHWULHYDO� -RXUQDO RI WKH $PHULFDQ 6RFLHW\ IRU ,QIRUPDWLRQ 6FLHQFH DQG 7HFKQRORJ\

������� ����±�����

/HHFK� *HRIIUH\� ������� 1HZ UHVRXUFHV� RU MXVW EHWWHU ROG RQHV" WKH KRO\ JUDLO RI UHSUH�

VHQWDWLYHQHVV� /DQJXDJH DQG &RPSXWHUV ������ ���±����

/LQ� 4LDQ�;LDQJ 	 &KLD�+XL &KDQJ� ������� ⥵㜷䏴婸栬坊り欧╪⪦㮜⤆ῆᾨ㜂㜲寙

䦏䯱 �FKLQHVH ZRUG VHJPHQWDWLRQ XVLQJ VSHFLDOL]HG KPP�>LQ FKLQHVH@� ᾨ⪩⪢ⳳ幂宅

⽠䮆ⳳ乶ⳳ屑㜂 �±���

/LX� 7VXQ�-XL� �0D\ ������ *HL WD LQ WDLZDQHVH PDQGDULQ� $ FRUSXV�EDVHG VWXG\�

3DSHU SUHVHQWHG DW WKH ���� 1DWLRQDO &RQIHUHQFH RQ /LQJXLVWLFV� �����WK 0D\� 7XQJKDL

8QLYHUVLW\� 7DLZDQ�

/LX� 7VXQ�-XL� 6KX�.DL +VLHK 	 /DXUHQW 3UHYRW� ������� 2EVHUYLQJ IHDWXUHV RI SWW

QHRORJLVPV� $ FRUSXV�GULYHQ VWXG\ ZLWK Q�JUDP PRGHO� ,Q 5RFOLQJ� $VVRFLDWLRQ IRU

&RPSXWDWLRQDO /LQJXLVWLFV DQG &KLQHVH /DQJXDJH 3URFHVVLQJ �$&/&/3�� 7DLZDQ�

/LX� 9LQFL 	 -DPHV 5 &XUUDQ� ������� :HE WH[W FRUSXV IRU QDWXUDO ODQJXDJH SURFHVVLQJ�

,Q (DFO� �

/LX� <X�0LQJ� ������� $ VWXG\ IRU WKH FXOWXUH RI XQLYHUVLW\ VWXGHQW¶V EX]]ZRUGV

SKHQRPHQRQ RQ EEV LQ WDLZDQ� 1DWLRQDO &KL 1DQ 8QLYHUVLW\ 0$ WKHVLV�

��



/X� 3HL�<X� <X�<XQ &KDQJ 	 6KX�.DL +VLHK� ������� &DXVLQJ HPRWLRQ LQ FROORFDWLRQ�

$Q H[SORUDWRU\ GDWD DQDO\VLV� ,Q 5RFOLQJ� �

/�GHOLQJ� $QNH� 6WHIDQ (YHUW 	 0DUFR %DURQL� ������� 8VLQJ ZHE GDWD IRU OLQJXLVWLF

SXUSRVHV� /DQJXDJH DQG &RPSXWHUV ������ �±���

0DQQLQJ� &KULVWRSKHU ' 	 +LQULFK 6FK�W]H� ������� )RXQGDWLRQV RI VWDWLVWLFDO QDWXUDO

ODQJXDJH SURFHVVLQJ� 0,7 SUHVV�

0F&UHDGLH� 5LFKDUG� ,DQ 6RERURII� -LPP\ /LQ� &UDLJ 0DFGRQDOG� ,DGK 2XQLV 	 'HDQ

0F&XOORXJK� ������� 2Q EXLOGLQJ D UHXVDEOH WZLWWHU FRUSXV� ,Q 3URFHHGLQJV RI WKH

��WK LQWHUQDWLRQDO DFP VLJLU FRQIHUHQFH RQ UHVHDUFK DQG GHYHORSPHQW LQ LQIRUPDWLRQ

UHWULHYDO� ����±����� $&0�

0F(QHU\� 7RQ\ 	 $QGUHZ :LOVRQ� ������� &RUSXV OLQJXLVWLFV� $Q LQWURGXFWLRQ�

(GLQEXUJK 8QLYHUVLW\ 3UHVV �QG HGQ�

3HUNLQV� -DFRE� ������� 1OWN�WUDLQHU >VRIWZDUH@� $YDLODEOH IURP� KWWS��� QOWN�

WUDLQHU�UHDGWKHGRFV�RUJ��

3HWURYLF� 6DVD� 0LOHV 2VERUQH 	 9LFWRU /DYUHQNR� ������� 7KH HGLQEXUJK WZLWWHU FRUSXV�

,Q 3URFHHGLQJV RI WKH QDDFO KOW ���� ZRUNVKRS RQ FRPSXWDWLRQDO OLQJXLVWLFV LQ D ZRUOG

RI VRFLDO PHGLD� ��±���

3WDV]\QVNL� 0LFKDO� -DFHN 0DFLHMHZVNL� 3DZHO '\EDOD� 5DIDO 5]HSND 	 .HQML $UDNL�

������� &DR� $ IXOO\ DXWRPDWLF HPRWLFRQ DQDO\VLV V\VWHP EDVHG RQ WKHRU\ RI NLQHVLFV�

$IIHFWLYH &RPSXWLQJ� ,((( 7UDQVDFWLRQV RQ ����� ��±���

5HQRXI� $QWRLQHWWH� ������� :HEFRUS� SURYLGLQJ D UHQHZDEOH GDWD VRXUFH IRU FRUSXV

OLQJXLVWV� /DQJXDJH DQG &RPSXWHUV ������ ��±���

5\FKOǤ� 3DYHO� ������� $ OH[LFRJUDSKHU�IULHQGO\ DVVRFLDWLRQ VFRUH� 3URFHHGLQJV RI 5HFHQW

$GYDQFHV LQ 6ODYRQLF 1DWXUDO /DQJXDJH 3URFHVVLQJ� 5$6/$1 �±��

6KLYKDUH� 6KLY 1DUHVK 	 6DULWKD .KHWKDZDW� ������� (PRWLRQ GHWHFWLRQ IURP WH[W� DU;LY

SUHSULQW DU;LY���������� �

��



6X� +VL�<DR� ������� 7KH PXOWLOLQJXDO DQG PXOWL�RUWKRJUDSKLF WDLZDQ�EDVHG LQWHUQHW�

&UHDWLYH XVHV RI ZULWLQJ V\VWHPV RQ FROOHJH�DIILOLDWHG EEVV� -RXUQDO RI &RPSXWHU�

0HGLDWHG &RPPXQLFDWLRQ ����� �±�� GRL���������M����������������WE������[� KWWS�

��G[�GRL�RUJ���������M����������������WE������[�

6XQ� -XQ\L� ������� -LHED >VRIWZDUH@� $YDLODEOH IURP� KWWSV���JLWKXE�FRP�I[VM\�MLHED�

9RON� 0DUWLQ� ������� 8VLQJ WKH ZHE DV FRUSXV IRU OLQJXLVWLF UHVHDUFK� &DWFKHU RI WKH

0HDQLQJ� 3DMXVDOX� 5�� +HQQRVWH� 7��(GV��� 'HSW� RI *HQHUDO /LQJXLVWLFV ��

��
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