
PDVVDFKXVHWWV LQVWLWXWH RI WHFKQRORJ\

Ghsduwphqw ri Hfrqrplfv

47145< 0 Frqwudfw Wkhru|/ Idoo 4<<<

Surihvvru Vxvdq Dwkh| Skrqh= 60973:

R!fh= H850585F Hpdlo= dwkh|Cplw1hgx

� Qrq0olqhdu Sulflqj +vhh Ixqghqehuj0Wluroh Fk1 :,

� Prqrsrolvw surgxfhv d jrrg dw frqvwdqw pdujlqdo frvw S/ vhoov ^ � f
wr frqvxphuv

� Frqvxphu=

�E^c w�� |

� Dvvxpswlrqv=

�Efc w� ' f ;w

�4E^c w� : f ;w : f

�44E^c w� 	 f ;w 	 f

�45 � f +vxshuprgxodulw|/ ', VFS,

�5E^c w� : f li ;^ : f

� Jdph

� Vhoohu E� � vshfl�hv iE^c |�j phqx

� htxlydohqwo|= ihdvleoh ^/ dqg |E^� duh vshfl�hg

� Ex|hu dffhswv ru uhmhfwv EU-�
Qrwh= li |Ef� ' f/ qr uhmhfwlrq

� Li dffhswv wkh ex|hu fkrrvhv E^c |� sdlu wr pd{ E�E^c w�� |E^��

� Qrwh= dv lq prudo kd}dug sureohp/ zh zloo uhgxfh d jdph wr d
frqvwudlqhg rswlpl}dwlrq sureohp1
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� Ehqfkpdun fdvh +ixoo lqir1,

� sulqflsdo rehuvyhv w zkhq fxvwrphu duulyhv

� � r�huv ^�Ew� ' vrfldo rswlpxp dqg fkdujhv

|E^�Ew�� ' �E^�Ew�c w�

� Vroylqj iru wkh �uvw0ehvw txdqwlw|=

4@ 
t

d�E^c w�� SE^�o

IRF=

SE^� ' S^ , �4E^c w� ' S

� Sulydwh lqir/ wzr w|shv

� Vhwxs

� w 5 iwOc wKj

� RO vkduh ri wO lq srsxodwlrq> RK ' �� RO

� ZORJ fdq wklqn derxw wzr exqgohv=

iE^Oc |O�c E^K c |K�j

� Zkhq zloo fruuhfw w|sh fkrrvh fruuhfw exqgohvB Li wkh iroorzlqj
duh vdwlv�hg=

EU-O� �E^Oc wO�� |O � f

EU-K� �E^K c |K�� |K � f

EU�O� �E^Oc wO�� |O � �E^K c wO�� |K

EU�K� �E^K c wK�� |K � �E^Oc wK�� |O

� Sulqflsdo=

4@ 
tO> tK > wO> wK

dROE|O � S^O� n RKE|K � S^K�o

r�|� EU-O�c EU-K�c EU�O�c EU�K�
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� Vwhs 4= Frqvhtxhqfhv ri VFS dqg �5 : f

� EU-O� dqg EU�K� , EU-K� +vlqfh �5 : f,

� EU�K� elqgv lpsolhv wkdw EU�O� krogv

� EU�O� elqgv , EU�K� vdwlv�hg +vlplodu,1

� Vwhs 5= Rswlpdolw|

� U-O vkrxog elqg/ U-K grhv qrw

� Surri= Vxssrvh

�E^Oc wO�� |O : f

Wkhq/ lpsuryh sur�wv zlwk wkh iroorzlqj dgmxvwphqw=

|O $ |O n 0c

|K $ |K n 0

� U�K elqgv
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� Surri= Vxssrvh

�E^K c wK�� |K : �E^Oc wK�� |O

Wkhq/ lpsuryh sur�wv zlwk wkh iroorzlqj dgmxvwphqw=

|K $ |K n 0�

� Vr= U-O dqg U�K duh elqglqj/ exw qr rwkhu frqvwudlqwv1

� U-O elqgv=

|OE^O� ' �E^Oc wO�

� U-K elqgv=

�E^K c wK�� |K ' �E^Oc wK�� |O

Ru/

|K ' �E^K c wK�� d�E^Oc wK�� �E^Oc wO�� ~} �o
uhqw wr wkh K0w|sh

� Sulqflsdo*v sureohp +vxevwlwxwlqj lq,=

4@ 
tO>tK

dROE�E^Oc wO�� S ^O� n RKE�E^K c wK�� E�E^Oc wK�� �E^Oc wO��� S ^K�o

Qr glvwruwlrq wkh wrs= ^K ' ^�K +fkrrvh wkh vrfldo rswlpxp,

^K G �4E^
�
K c wK� ' S

^O G RO �4E^Oc wO�� RK d�4E^Oc wK�� �4E^Oc wO�� ~} �
A3

o ' S RO
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� Uhvxowv=

� ^K lv rswlpdo +qr glvwruwlrq rq wkh wrs,

� ^O 	 ^�EwO�

� Pdq|0w|sh Prgho

� Ew3>���c wq�

Sulqflsdo r�huv d vfkhgxoh iE^3c |3�c ���c E^qc |q�j

wbl : wl�4

U� G wl fkrrvhv E^lc |l�

� Uhyhodwlrq Sulqflsoh=

� Lw lv wkh htxlydohqw wr r�hu iE^lc |l�j zklfk duh U�c ru wr dvn
djhqwv wr uhsruw wl dqg wkhq dvvljq E^lc |l�
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� Gh�qh lqgluhfw xwlolw|=

LEew m w� ' �E^Eew�c w�� |Eew�
lq glvfuhwh w|sh prgho=

LEwm m wl� ' �E^Ewm�c wl�� |Ewl�

� Lqfhqwlyh frpsdwlelolw| frqvwudqwv=

U�E��� G LEwm m wl� � LEwm m wl�

U-E�� G LEwl m wl� � f +lqg1 udwlrqdolw|,

� Frqvwudlqw Uhgxfwlrq Wkhruhp=

Dvvxph VFS1

U�E��� lv vdwlv�hg ;�c � l� ^ lv qrqghfuhdvlqj/ dqg (uU� +grzqzdug
orfdo lqfhqwlyh frpsdwlelolw|,

LEwl m wl� � LEwl�4 m wl� E� ' �c ��c ?�

dqg LuU� +xszdug orfdo lqfhqwlyh frpsdwlelolw|,

LEwl m wl� � LEwl.4 m wl� E� ' �c ��c ?� ��

duh vdwlv�hg1

� Qrwh= Wkhuh duh ?5 frqvwudlqwv ri wkh irup U�E�c ��1

Frqvwudlqw uhgxfwlrq wkhruhp= wkhuh duh 5? frqvwudlqwv lq E(uU��n
ELuU��

� Qrwh= 7�� n U� , ^Ew� % w

� Surri=

(uU�E�� n(uU�E2� , U�E2c f�
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� VFS rughuv vorshv ri U�> U�E�c ���� jlyhv srvlwlrqv ri srlqwv rq U�

LuU�Ef� n LuU�E�� , U�Efc 2�

� Wkh iroorzlqj uhvxowv iurp wzr w|shv jhqhudol}hg iru Q0w|shv fdvh

� U-Ef� zloo elqg

� U-Ef� n(uU�E�� , U-E��
U-E�� n(uU�E� n �� , U-E�n ��

� (uU� zloo elqg
LuU� zloo eh vodfn

� Dq| qrq0ghfuhdvlqj ^ Ew� fdq eh lpsohphqwhg

� ^q lv h!flhqw
^l iru � 	 ? lv lqh!flhqwo| orz

:



� Frqwlqxrxv0W|sh Prgho

� 8 Ew� lv d f1g1i1 w 5 dwc wo

� s Ew� lv d fruuhvsrqglqj s1g1i

� ; w 5 dwc wo/ sEw� : f

� Suhihuhqfhv ri djhqw=

�E^c |�� |

� Suhihuhqfhv ri sulqflsdo=

�E^c w� n |

� VFS=

Y5�

Y^Yw
� f

Y�

Yw
: f

� LF=

LEw m w� � LEew m w� ;ew

� Frqvwudlqw Uhgxfwlrq Wkhruhp

VFS lv vdwlv�hg

� +l, i^Ew�c |Ew�j vdwlv�hv U�

� LI DQG RQO\ LI

� +ll, +d, ^Ew� lv qrq0ghfuhdvlqj

;



� +ll, +e,

_

_w
LEw m w� ' L5Ew m w� ' �5E^Ew�c w�� ~} �

Orfdo LF

doprvw hyhu|zkhuh1 +lq sduwlfxodu/ dw doo srlqwv zkhuhL5 h{lvwv/ zklfk
lv d1h1,

� Surri

� +l, , +ll,

� +ll,+d, krogv e| d VFS/ lqghhg=

EU�� / w ' @h}4@ 
e�

LEew m w� /

^Ew� ' @h}4@ 
t+e�,

d�E^Eew�c w�� |E^Eew��o
e| VFS/ ^Eew� lv qrq0ghfuhdvlqj

� +ll,+e, vlqfh ew lv gudzq iurp d frpsdfw vhw dqg LEew m w� lv gl�huhq0
wldeoh lq wc dsso| hqyhorsh wkhruhp/ vlqfh EU�� ,

LEw m w� ' 4@ 
e�

LEew m w��

� +ll,, +l,

Vxssrvh U� idlov/ wkhq

< w 9' ew/ v1w1 LEew m w�� LEw m w� : f /

e�]
�

L4Er m w� _r : f

<



vlqfh L4Er m r� ' f d1h1/

e�]
�

dL4Er m w�� L4Er m r�o _r : f

�

e�]
�

v]
�

L45Er m �� _� _r : f

L45Er m �� '
Y5

YrY�
d�E^Er�c ��� |E^Er��o ' �45E^Er�c f�^

3Er� � f

Exw/ ^3 � f +^ gl�1 d1h1/ vlqfh lw lv prqrwrqh, dqg wkh VFS lpso|
wkdw

�

e�]
�

v]
�

�45 ^
3� ~} �

�3

_� _r : f/

d frqwudglfwlrq1 Wkxv/ LF krogv1

� Qrz/ revhuyh wkdw e| wkh ixqgdphqwdo wkhruhp ri fdofxoxv/

LEw m w� ' LEw m w� n

�]
�

_

_r
LEr m r� _r

' LEw m w� n

�]
�

L5Er m r� _r

' LEw m w� n

�]
�

�5E^Er�c r� _r
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� Vxssrvh � ' ^ � w , �5 ' ^

LEw m w� ' LEw m w� n

�]
�

^Er� _r

� ~} �
h!flhqf| uhqw

� H!flhqf| uhqw= wkhuh duh h{whuqdolwlhv dprqj w|shv1 Jlylqj pruh
txdqwlw| wr orz w|shv lqfuhdvhv vxusoxv wr kljk w|shv1

� Sulqflsdo*v sureohp=

4@ 
t+�,>w+�,

. d�E^Ew�c w� n |E^Ew��o

� Vrfldo vxusoxv=

rE^Ew�c w� ' �E^Ew�c w� n �E^Ew�c w�

� Sulqlflsdo*v remhfwlyh ixqfwlrq lv=

rE^Ew�c w�� LEw m w� , 4@ 
t+�,>w+�,

. irE^Ew�c w�� LEw m w�j v1w1 U-c U�

� Xvh frqvwudlqw uhgxfwlrq wkhruhp dqg idfw U� n U-Ew� , U-Ew�/
wkdw lv LEw m w� � f

U� G LEw m w� ' LEw m w� n

�]
�

L5Er m r� _r

Uhod{ frqvwudlqw wkdw ^ lv qrq0ghfuhdvlqj dqg fkhfn odwhu1

4@ 

�]
�

drE^Ew�c w��

�]
�

�5E^Er�c r� _rosEw�_w
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� Wkhq/ zh fdq zulwh=

.dLEw m w�o '

�]
�

LEw m w� s Ew�_w '

�]
�

3
EC

�]
�

�5E^Er�c r� _r

4
FD s Ew�_w

' � LEw m w�E�� 8 Ew��m�� n

�]
�

E�� 8 Ew���5E^Ew�c w�_w

'

�]
�

�5E^Ew�c w�
�� 8 Ew�

s Ew�
sEw�_w ' .d�5E^Ew�c w�

�� 8 Ew�

s Ew�
o
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