
1b2KTB /ǶmbQ

S`Q#H2K�, *�H+QHQ /2H p�HQ`2 �bbQHmiQ /B mM MmK2`Q BMi2`Q

o2/B�KQ �H+mMB 2b2KTB /B bT2+B}+� /B �H;Q`BiKBX
aT2+B}+�,
ai�iQ BMBxB�H2, & MmK2`Q ; � '
ai�iQ }M�H2, & `BbmHi�iQ ; |�| '

/Qp2 � BM/B+� mM U;2M2`B+QV p�HQ`2 BMi2`Q- /Bp2`bQ /� x2`QX
�H;Q`BiKQ,

B7 UMmK2`Q > yV
`BbmHi�iQ = MmK2`Qc

2Hb2 `BbmHi�iQ = @ MmK2`Qc

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 N8 f kNj



1b2KTB /ǶmbQ

S`Q#H2K�, b+�K#B�`2 BH p�HQ`2 /B /m2 p�`B�#BHB

aT2+B}+�,

ai�iQ BMBxB�H2, & t ; �- v ; " '
ai�iQ }M�H2, & t ; "- v ; � '

�H;Q`BiKQ,

i2KT = tc
t = vc
v = i2KTc

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Ne f kNj



1b2KTB /ǶmbQ

S`Q#H2K�, b+�K#B�`2 BH p�HQ`2 /B /m2 p�`B�#BHB U+QMiXV

aB MQiB HǶmiBHBxxQ /B mM MQK2 bBK#QHB+Q �;;BmMiBpQ Ui2KTV, ĕ 2bb2MxB�H2
T2` TQi2` 2z2iim�`2 +Q``2ii�K2Mi2 HQ b+�K#BQ i`� B p�HQ`B �bbQ+B�iB �B
/m2 BMi2`B U� +�mb� /2H +�`�ii2`2 /Bbi`miiBpQ /2HHǶ�bb2;M�K2MiQ 2 /2HH�
b2[m2MxB�HBi¨ /2HHǶ2b2+mxBQM2VX
Ĕ 7�+BH2 p2`B}+�`2 +?2 mM� b2[m2Mx� /2H iBTQ

t = vc
v = tc

MQM +QMb2Mi2- BM ;2M2`�H2- /B b+�K#B�`2 B p�HQ`B �bbQ+B�iB � t 2 vX
1b2KTBQ,

ai�iQ BMBxB�H2 ai�iQ AMi2`K2/BQ
& t ; Ry- v ; ky' t = vc & t ; ky- v ; ky'
ai�iQ BMi2`K2/BQ ai�iQ 6BM�H2

& t ; ky- v ; ky' v = t & t ; ky- v ; ky'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Nd f kNj



1b2KTB /ǶmbQ

S`Q#H2K�, Q`/BM�`2 /m2 BMi2`B TQbBiBpB
aT2+B}+�,

ai�iQ BMBxB�H2, & MmKR ; �- MmKk ; " '
ai�iQ }M�H2, & MmKR ; K�tU�-"V- MmKk ; KBMU�-"V '

�H;Q`BiKQ,

B7 UMmKR < MmKkV
&

i2KT = MmKRc
MmKR = MmKkc
MmKk = i2KTc

'

�hh1LwAPL1, MQM #�bi� bi�#BHB`2 BH K�bbBKQ 2 BH KBMBKQc Q++Q``2
�M+?2 +?2- �HH� }M2- BH K�bbBKQ bB� �bbQ+B�iQ � MmKR 2 BH KBMBKQ �
MmKkX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 N3 f kNj



1b2KTB /ǶmbQ

S`Q#H2K�, 1H2p�K2MiQ � TQi2Mx�

aT2+B}+�,

ai�iQ BMBxB�H2, & #�b2 ; �- 2bTQM2Mi2 ; " ' +QM �>y 2 " �y
ai�iQ }M�H2, & `BbmHi�iQ ; �"'

GǶ�H;Q`BiKQ bB #�b� bmHH� b2;m2Mi2- #2M MQi�- /2}MBxBQM2 /B
2H2p�K2MiQ � TQi2Mx�X

�y = R
�" = �⇥�⇥ . . .⇥�| {z } (b2 " > y)

" pQHi2

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 NN f kNj



1b2KTB /ǶmbQ

�H;Q`BiKQ,

`BbmHi�iQ = Rc
r?BH2 U2bTQM2Mi2 > yV
&

`BbmHi�iQ = `BbmHi�iQ  #�b2c
2bTQM2Mi2 = 2bTQM2Mi2 @ Rc

'
L2HHǶ�H;Q`BiKQ- bB BTQiBxx� +?2 B p�HQ`B BMBxB�HB /B #�b2 2/ 2bTQM2Mi2
bQ//Bb}MQ B `2[mBbBiB /2HH� bT2+B}+�X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Ryy f kNj



1b2KTB /ǶmbQ

AMTmifPmiTmi

L2B T`Q#H2KB pBbiB }MQ �/ Q`� MQM +B bB�KQ T`2Q++mT�iB /B �+[mBbB`2 B
/�iB BMBxB�HB Mû /B T`Q/m``2 BM mb+Bi� B `BbmHi�iB }M�HBX
1b2KTBQ, P`/BM�`2 /m2 p�HQ`B BMi2`B �+[mBbBiB BM BMTmi 2 bi�KT�`2 B
p�HQ`B Q`/BM�iBX
�H;Q`BiKQ,
b+�M7U]W/]-�MmKRVc
b+�M7U]W/]-�MmKkVc
B7 MmKR < MmKk
&

i2KT = MmKRc
MmKR = MmKkc
MmKk = i2KTc

'
T`BMi7U]W/]-MmKRVc
T`BMi7U]W/]-MmKkVc

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RyR f kNj



1b2KTB /ǶmbQ

JQHiBTHB+�xBQM2 2;BxB�

S`BKQ �H;Q`BiKQ /Q+mK2Mi�iQ US�TB`Q /B �?K2b- +� Re8y �X*V
ai�iQ BMBxB�H2, &� ; �- # ; "' +QM �-" > y
ai�iQ }M�H2, &T ; � "'

�H;Q`BiKQ,
b+�M7U]W/]-��Vc b+�M7U]W/]-�#Vc + = yc
r?BH2 U� = yV
&

B7 U� Đ /BbT�`BV
&+ = + Y #c'

� = �fkc
# = # kc '

T`BMi7U]W/]-+Vc
MQi� +?2 H� /BpBbBQM2 ĕ BMi2`�
� ĕ /BbT�`B Tmǁ 2bb2`2 p2`B}+�iQ +QM H� +QM/BxBQM2 �%k == R

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Ryk f kNj



1b2KTB /ǶmbQ

JQHiBTHB+�xBQM2 2;BxB� U+QMiXV

�H;Q`BiKQ,
b+�M7U]W/]-��Vc b+�M7U]W/]-�#Vc + = y
r?BH2 U� = yV
&

B7 U� Đ /BbT�`BV
&+ = + Y #c'

� = �fkc
# = # kc '

T`BMi7U]W/]-+Vc
� T�`B ) � # 4 U�fkV k#

� /BbT�`B )
� ⇤ # = (�/k) ⇤ k# = (� � R+ R)/k ⇤ k#
(� � R+ R)/k ⇤ k# = ((� � R)/k+ R/k) ⇤ k#
((� � R)/k+ R/k) ⇤ k# = ((� � R)/k) ⇤ k# + #

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Ryj f kNj



1b2KTB /ǶmbQ

JQHiBTHB+�xBQM2 2;BxB� U+QMiXV

�H;Q`BiKQ,
b+�M7U]W/]-��Vc b+�M7U]W/]-�#Vc + = y
r?BH2 U� = yV&

B7 U� Đ /BbT�`BV &+ = + Y #c'
� = �fkc
# = # kc'

T`BMi7U]W/]-+Vc
{� = Re, # = ke, + = y}- {� = 3, # = 8k, + = y}-
{� = 9, # = Ry9, + = y}- {� = k, # = ky3, + = y}-
{� = R, # = 9Re, + = y} {� = y, # = 3jk, + = 9Re}
{� = R8, # = ke, + = y}- {� = d, # = 8k, + = ke}-
{� = j, # = Ry9, + = d3}- {� = R, # = ky3, + = R3k}
{� = y, # = 9Re, + = jNy}

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Ry9 f kNj



1b2KTB /ǶmbQ

S`Q#H2K�, *�H+QH�`2 [mQxB2Mi2 2 `2biQ /2HH� /BpBbBQM2 i`�
/m2 MmK2`B M�im`�HB MQM MmHHBX

aT2+B}+�,
ai�iQ BMBxB�H2, &t ; �- v ; "' +QM �-" > y
ai�iQ }M�H2, &t ; �- v ; "- [ ; Z- ` ; _'

+QM � 4 Z · " Y _ 2 y  _ < "
amTTQMB�KQ +?2 HǶ2b2+miQ`2 MQM b�TTB� 2b2;mB`2 /B`2ii�K2Mi2 H�
/BpBbBQM2- K� bQHQ H� bQKK� 2 H� bQii`�xBQM2X
�H;Q`BiKQ,
[ = yc
` = tc
r?BH2 U` � vV
&

[ = [ Y Rc
` = ` @ vc

'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Ry8 f kNj



1b2KTB /ǶmbQ

*�H+QH�`2 BH J*. +QM HǶ�H;Q`BiKQ /B 1m+HB/2

.�iB /m2 M�im`�HB MQM MmHHB bB +�H+QH� BH J*. miBHBxx�M/Q H2 b2;m2MiB
T`QT`B2i¨,

J*.(t , t) = t
J*.(t , v) = J*.(t � v , v) b2 t > v
J*.(t , v) = J*.(t , v � t) b2 v > t

aT2+B}+�,
ai�iQ BMBxB�H2, &t ; �- v ; "' +QM �-" > y
ai�iQ }M�H2, &t ; J*.U�-"V'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rye f kNj



1b2KTB /ǶmbQ

*�H+QH�`2 BH J*. +QM HǶ�H;Q`BiKQ /B 1m+HB/2 U+QMiXV

�H;Q`BiKQ,
r?BH2 Ut ! = vV
&

B7 Ut = vV
t = t @ vc

2Hb2
v = v @ tc

'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Ryd f kNj



1b2KTB /ǶmbQ .B�;`�KKB /B ~mbbQ

a > 0

Mol$plicazione	Egizia	

falsa

vera

Inizio

scanf(…,&a,&b)

printf(…,c)

c = c + b

vera

falsa

Fine

c = 0

a = a/2

b = 2* b

a%2==1

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Ry3 f kNj



1b2KTB /ǶmbQ .B�;`�KKB /B ~mbbQ

x != y

MCD	

falsa

vera

Inizio

scanf(…,&x,&y)

printf(…,x)

x > y

y = y - x x = x - y

vera

falsa

Fine

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RyN f kNj



hBTB /B /�iQ

hBTB /B /�iQ

T2` iBTQ /B /�iQ bB BMi2M/2 mM BMbB2K2 /B p�HQ`B 2 /B QT2`�xBQMB +?2 bB
TQbbQMQ �/ 2bbB �TTHB+�`2X
�H+mMB iBTB /B /�iQ UMmK2`B BMi2`B- +�`�ii2`B- 2++XV- /2iiB iBTB T`BKBiBpB
bQMQ 7Q`MBiB /B`2ii�K2Mi2 /�H HBM;m�;;BQX
aB TQbbQMQ imii�pB� BMi`Q/m``2 MmQpB iBTB /B /�iQ �/�iiB �H T`Q#H2K� /�
�z`QMi�`2X
L2H +�bQ b2`p�MQ /�iB �;;`2;�iB U�/ 2bX mM� /�i�- mM p2iiQ`2- 2++XV- bB
Tmǁ BM}M2 `B+Q``2`2 �B iBTB /B /�iQ bi`miim`�iBX aB /2p2 TQi2` �++2/2`2
�B bBM;QHB 2H2K2MiBX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RRy f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

:MQ++?B BM #`Q/Q US2HH2;`BMQ �`imbB- R3NRV

XXX ĕ mM� KBM2bi`� /� 7�`b2M2 QMQ`2c K� b2 MQM pQH2i2 +QMbmK�`2
�TTQbBi�K2Mi2 T2` H2B mM T2iiQ /B TQHH�bi`� Q /B +�TTQM2- �bT2ii�i2 +?2 pB
+�TBiB /ǶQ++�bBQM2X *mQ+2i2 M2HHǶ�+[m�- Q K2;HBQ � p�TQ`2- ;`�KKB kyy /B
T�i�i2 ;`Qbb2 2 7�`BM�+22 2 T�bb�i2H2 T2` Bbi�++BQX � [m2bi2 mMBi2 BH T2iiQ /B
TQHHQ H2bbQ i`Bi�iQ }MBbbBKQ +QHH� HmM2ii�- ;`�KKB 9y /B T�`KB;B�MQ
;`�ii�iQ- /m2 `QbbB /ǶmQpQ- b�H2 [m�MiQ #�bi� 2 Q/Q`2 /B MQ+2 KQb+�i�X
J2b+QH�i2 2 p2`b�i2 BH +QKTQbiQ bmHH� bTB�M�iQB� bQT`� � ;`�KKB jy Q 9y
U+?2 i�MiB /2pQMQ #�bi�`2V /B 7�`BM� T2` H2;�`HQ- 2 TQi2`HQ iB`�`2 �
#�biQM+BMB ;`QbbB [m�MiQ BH /BiQ KB;MQHQX h�;HB�i2 [m2biB � iQ++?2iiB 2
;2ii�i2HB M2H #`Q/Q #QHH2Mi2 Qp2 mM� +Qiim`� /B +BM[m2 Q b2B KBMmiB b�`¨
bm{+B2Mi2X Zm2bi� /Qb2 TQi`¨ #�bi�`2 T2` b2ii2 Q/ QiiQ T2`bQM2X a2 BH
T2iiQ /B TQHHQ ĕ ;`QbbQ- /m2 bQHB `QbbB MQM b�`�MMQ bm{+B2MiBXXX

G� `B+2ii� ĕ TB�+2pQH2 /� H2;;2`2- K� MQM ĕ 7�+BH2 /� b2;mB`2X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RRR f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

:MQ++?B BM #`Q/Q U+QMiXV

.Pa1, d@3 T2`bQM2
AL:_1.A1LhA, kyy /B T�i�i2 ;`Qbb2 2 7�`BM�+22- 9y ; T�`KB;B�MQ- k `QbbB
/B mQpQ- b�H2 2 MQ+2 KQb+�i� [X#X- mM T2iiQ /B TQHHQ- jy@9y ; 7�`BM�

*mQ+2i2 M2HHǶ�+[m� Q � p�TQ`2 H2 T�i�i2
T�bb�i2H2 �H b2i�++BQ
mMBi2 TQHHQ H2bbQ i`Bi�iQ- T�`KB;B�MQ- mQp�- b�H2 2 MQ+2 KQb+�i�
p2`b�i2 BH +QKTQbiQ bmHH� bTB�M�iQB�- K2b+QH�M/QHQ +QM H� 7�`BM�
iB`�`2 BH +QKTQbiQ � #�biQM+BMB /2HHQ bT2bbQ`2 /2H /BiQ KB;MQHQ
i�;HB�`2 B #�biQM+BMB � iQ++?2iiB
;2ii�`2 B iQ++?2iiB M2HHǶ�+[m� #QHH2Mi2 2 +mQ+2`HB T2` 8@e KBMmiBX

G� `B+2ii� MQM ĕ �Hi`2ii�MiQ TB�+2pQH2 /� H2;;2`2- K� ĕ 7�+BH2 /� b2;mB`2-
�M+?2 b2 T`2b2Mi� /2HH2 �K#B;mBi¨X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RRk f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

AMi`Q/mxBQM2 �H HBM;m�;;BQ *

�##B�KQ ;B¨ pBbiQ +QK2 mM T`Q;`�KK� MQM bB� �Hi`Q +?2 mM �H;Q`BiKQ
+Q/B}+�iQ BM mM HBM;m�;;BQ /B T`Q;`�KK�xBQM2 2 +?2
A HBM;m�;;B /B T`Q;`�KK�xBQM2 �/ �HiQ HBp2HHQ bB T`2bi�MQ � +Q/B}+�`2
�H;Q`BiKB- Tm` `BK�M2M/Q +QKT`2MbB#BHB- TQM2M/QbB [mBM/B �/ mM HBp2HHQ
BMi2`K2/BQ i`� BH HBM;m�;;BQ M�im`�H2 2 BH HBM;m�;;BQ K�++?BM�
A +QKTBH�iQ`B bQMQ T`Q;`�KKB +?2 i`�/m+QMQ T`Q;`�KKB b+`BiiB M2H
HBM;m�;;BQ /B TBɍ �HiQ HBp2HHQ BM T`Q;`�KKB 2[mBp�H2MiB M2H HBM;m�;;BQ
K�++?BM�X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RRj f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

o2/`2KQ BH +QbB/2iiQ �LaA * Ubi�M/�`/ /2H RN3N- +QM bm++2bbBp2
�;;BmMi2V
AH T`BKQ T`Q;`�KK� *, +B�Q KQM/Q

OBM+Hm/2 Ibi/BQX?=
BMi K�BMUV

f ai�KT� mM K2bb�;;BQ bmHHQ b+?2`KQX  f
&

T`BMi7U]*B�Q KQM/Q5$M]Vc
`2im`M yc

'

Zm2biQ T`Q;`�KK� bi�KT� bmHHQ b+?2`KQ mM� `B;� /B i2biQ,
*B�Q KQM/Q5
>

o2/B�KQ BM /2ii�;HBQ Q;MB `B;� /2H T`Q;`�KK�X
*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RR9 f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

f ai�KT� mM K2bb�;;BQ bmHHQ b+?2`KQX  f
i2biQ `�++?BmbQ i`� ǳf Ǵ 2 ǳ fǴ ĕ mM +QKK2MiQ
B +QKK2MiB bQMQ � ǳmbQ mK�MQǴ- +BQĕ b2`pQMQ � +?B b+`Bp2 Q H2;;2 BH
T`Q;`�KK�- T2` `2M/2`HQ TBɍ +QKT`2MbB#BH2
BH +QKTBH�iQ`2 B;MQ`� B +QKK2MiB
�ii2MxBQM2 � MQM /BK2MiB+�`2 /B +?Bm/2`2 B +QKK2MiB +QM  f-
�Hi`BK2MiB imiiQ BH `2biQ /2H T`Q;`�KK� pB2M2 B;MQ`�iQ

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RR8 f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

BMi K�BMUV
ĕ mM� T�`i2 T`2b2Mi2 BM imiiB B T`Q;`�KKB *
H2 T�`2Mi2bB ǳUǴ 2 ǳVǴ /QTQ K�BM BM/B+�MQ +?2 K�BM ĕ mM� 7mMxBQM2
B T`Q;`�KKB * bQMQ +QKTQbiB /� mM� Q TBɍ 7mMxBQMB- i`� H2 [m�HB +B
/2p2 2bb2`2 H� 7mMxBQM2 K�BM- +?2 ĕ [m2HH� T`BM+BT�H2
=) K�BM ĕ mM� 7mMxBQM2 bT2+B�H2- T2`+?û HǶ2b2+mxBQM2 /2H T`Q;`�KK�
+QKBM+B� HǶ2b2+mxBQM2 �HHǶBMBxBQ /B K�BM
H� T�`2Mi2bB ǳ{Ǵ �T`2 BH +Q`TQ /2HH� 7mMxBQM2 2 ǳ}Ǵ HQ +?Bm/2

H� +QTTB� /B T�`2Mi2bB 2 H� T�`i2 `�++?Bmb� /� 2bb2 +QbiBimBb+QMQ mM
#HQ++Q
BH +Q`TQ /2HH� 7mMxBQM2 +QMiB2M2 H2 Bbi`mxBQMB U2 /B+?B�`�xBQMBV +?2
+QbiBimBb+QMQ H� 7mMxBQM2

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RRe f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

T`BMi7U]*B�Q KQM/Q5\M]Vc
ĕ mMǶBbi`mxBQM2 b2KTHB+2 UQ`/BM� �H +QKTmi2` /B 2b2;mB`2 mMǶ�xBQM2V
BM [m2biQ +�bQ pBbm�HBxx�`2 Ubi�KT�`2V bmHHQ b+?2`KQ H� b2[m2Mx� /B
+�`�ii2`B i`� �TB+B
Q;MB Bbi`mxBQM2 b2KTHB+2 /2p2 i2`KBM�`2 +QM ǳcǴ
QHi`2 �HH2 Bbi`mxBQMB b2KTHB+B- 2bBbiQMQ �M+?2 Bbi`mxBQMB +QKTQbi2 U+?2
MQM /2pQMQ M2+2bb�`B�K2Mi2 i2`KBM�`2 +QM ǳcǴV
H� T�`i2 `�++?Bmb� BM mM� +QTTB� /B /QTTB �TB+B ĕ mM� bi`BM;� U/B
+�`�ii2`BV
ǳ\MǴ MQM pB2M2 pBbm�HBxx�iQ bmHHQ b+?2`KQ- K� T`QpQ+� H� bi�KT� /B
mM +�`�ii2`2 /B }M2 `B;�

ǳ\Ǵ ĕ mM +�`�ii2`2 /B 2b+�T2 2- BMbB2K2 �H +�`�ii2`2 +?2 HQ b2;m2-
�bbmK2 mM bB;MB}+�iQ T�`iB+QH�`2 Ub2[m2Mx� /B 2b+�T2V

BM `2�Hi¨ �M+?2 T`BMi7 ĕ mM� 7mMxBQM2- 2 HǶBbi`mxBQM2 /B bQT`� ĕ
mMǶ�iiBp�xBQM2 /B 7mMxBQM2 UH2 p2/`2KQ TBɍ �p�MiBV

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RRd f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

OBM+Hm/2 Ibi/BQX?=
ĕ mM� /B`2iiBp� /B +QKTBH�xBQM2
pB2M2 BMi2`T`2i�i� /�H +QKTBH�iQ`2 /m`�Mi2 H� +QKTBH�xBQM2
H� /B`2iiBp� ǳOBM+Hm/2Ǵ /B+2 �H +QKTBH�iQ`2 /B BM+Hm/2`2 BH +QMi2MmiQ
/B mM }H2 M2H TmMiQ +Q``2Mi2
Ibi/BQX?= ĕ mM }H2 +?2 +QMiB2M2 B `B72`BK2MiB �HH� HB#`2`B� bi�M/�`/ /B
BMTmifQmiTmi U/Qp2 ĕ /2}MBi� H� 7mMxBQM2 /B bi�KT� T`BMi7V
BH HBM;m�;;BQ * MQM T`2p2/2 Bbi`mxBQMB 2bTHB+Bi2 /B BMTmifQmiTmiX
Zm2bi2 QT2`�xBQMB bQMQ /2}MBi2 i`�KBi2 7mMxBQMB M2HH� HB#`2`B� bi�M/�`/
/B BMTmifQmiTmiX

LQi2,
ĕ BKTQ`i�Mi2 /BbiBM;m2`2 B +�`�ii2`B K�Bmb+QHB /� [m2HHB KBMmb+QHB
J�BM- J�AL- S`BMi7- S_ALh6 MQM �M/`2##2`Q #2M2
bB ĕ mb�i� HǶBM/2Mi�xBQM2 T2` K2ii2`2 BM 2pB/2Mx� H� bi`miim`� /2H
T`Q;`�KK� V

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RR3 f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

�H+mM2 p�`B�MiB /2H T`Q;`�KK�

OBM+Hm/2 Ibi/BQX?=
BMi K�BMUV

f ai�KT� mM K2bb�;;BQ bmHHQ b+?2`KQX  f
&

T`BMi7U]*B�Q]Vc
T`BMi7U] KQM/Q5$M]Vc
`2im`M yc

'

T`Q/m+2 HQ bi2bbQ 2z2iiQ /2H T`Q;`�KK� T`2+2/2Mi2- K� H� b2+QM/�
BMpQ+�xBQM2 /B T`BMi7 BM+QKBM+B� � bi�KT�`2 /�H TmMiQ BM +mB �p2p�
bK2bbQ H� T`BK�X *Qb� pB2M2 bi�KT�iQ b2 mbB�KQ

T`BMi7U]*B�Q]Vc T`BMi7U]*B�Q$M]Vc
T`BMi7U]KQM/Q5$M]Vc T`BMi7U]KQM/Q5$M]Vc

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RRN f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

lM �Hi`Q T`Q;`�KK�, �`2� /B mM `2ii�M;QHQ
OBM+Hm/2 Ibi/BQX?=

BMi K�BMUV &
BMi #�b2c
BMi �Hi2xx�c
BMi �`2�c

#�b2 4 jc
�Hi2xx� 4 9c
�`2� 4 #�b2  �Hi2xx�c

T`BMi7U]�`2�, W/$M]- �`2�Vc
`2im`M yc

'

Zm�M/Q pB2M2 2b2;mBiQ bi�KT�,

�`2�, Rk
>

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rky f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

G2 p�`B�#BHB U/B T`Q;`�KK�V
GQ bi�iQ `�TT`2b2Mi� BH +QMi2MmiQ UKQ/B}+�#BH2V /2HH� K2KQ`B�X
lM� TQbBxBQM2 /2HH� K2KQ`B�- /2biBM�i� � +QMi2M2`2 /�iB- bB B/2MiB}+� +QM
mM� p�`B�#BH2 G2 p�`B�#BHB /mM[m2 `�TT`2b2Mi�MQ- M2B T`Q;`�KKB- H2
�bbQ+B�xBQMB UKQ/B}+�#BHBV /2HHQ bi�iQ
=) +7X t ; p�H M2HHQ Tb2m/Q@HBM;m�;;BQ
lM� p�`B�#BH2 ĕ +�`�ii2`Bxx�i� /�HH2 b2;m2MiB T`QT`B2i¨,

R MQK2, b2`p2 � B/2MiB}+�`H� ě 2b2KTBQ, �`2�
k p�HQ`2, p�HQ`2 �bbQ+B�iQ �HHQ bi�iQ +Q``2Mi2 ě 1b2KTBQ, 9 UTmǁ

+�K#B�`2 /m`�Mi2 HǶ2b2+mxBQM2V
j iBTQ, bT2+B}+� HǶBMbB2K2 /2B TQbbB#BHB p�HQ`B �bbmMiB /m`�Mi2 HǶ2b2+mxBQM2

ě 1b2KTBQ, BMi UMmK2`B BMi2`BV 2 BKTHB+Bi�K2Mi2 H2 QT2`�xBQMB
TQbbB#BHBX

9 BM/B`BxxQ, /2HH� +2HH� /B K2KQ`B� � T�`iB`2 /�H [m�H2 ĕ K2KQ`Bxx�iQ BH
p�HQ`2X

LQK2- iBTQ 2 BM/B`BxxQ MQM TQbbQMQ +�K#B�`2 /m`�Mi2 HǶ2b2+mxBQM2X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RkR f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

G2 p�`B�#BHB U+QMiXV
AH MQK2 /B mM� p�`B�#BH2 ĕ mM B/2MiB}+�iQ`2 *
=) b2[m2Mx� /B H2ii2`2- +B7`2- 2 n +?2 BMBxB� +QM mM� H2ii2`� Q +QM n
1b2KTBQ, LmK2`Qn2H2K2MiB- tR- K� MQM RnTQbiQ

Tmǁ �p2`2 HmM;?2xx� [m�HbB�bB- K� bQHQ B T`BKB jR +�`�ii2`B bQMQ
bB;MB}+�iBpB
H2ii2`2 KBMmb+QH2 2 K�Bmb+QH2 bQMQ +QMbB/2`�i2 /BbiBMi2

� Q;MB p�`B�#BH2 ĕ �bbQ+B�i� mM� +2HH� /B K2KQ`B� Q TBɍ +2HH2
+QMb2+miBp2- � b2+QM/� /2H bmQ iBTQX AH bmQ BM/B`BxxQ ĕ [m2HHQ /2HH�
T`BK� +2HH�X
�M�HQ;B� +QM mM +�bb2iiQ 2iB+?2ii�iQ BM mM KQ#BH2

MQK2 =) 2iB+?2ii�
p�HQ`2 =) Q;;2iiQ +?2 +Ƕĕ M2H +�bb2iiQb
iBTQ =) +�TB2Mx� U+?2 iBTQ /B Q;;2iiQ +B K2iiQ /2Mi`QV
BM/B`BxxQ =) TQbBxBQM2 M2H KQ#BH2
LX"X MQM imii2 H2 p�`B�#BHB bQMQ /2MQi�i2 /� mM B/2MiB}+�iQ`2 Ubi`miX
/BMXV 2 MQM imiiB ;HB B/2MiB}+�iQ`B bQMQ B/2MiB}+�iQ`B /B p�`B�#BH2 U�/ 2bX
7mMxBQMB- iBTB- T�`QH2 `Bb2`p�i2- ĘV

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rkk f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

�`2� /2H `2ii�M;QHQ

BMi #�b2c ě ĕ mM� /B+?B�`�xBQM2 /B p�`B�#BH2
pB2M2 +`2�i� BH +�bb2iiQ 2 BMb2`BiQ M2H KQ#BH2
?� iBTQ BMi =) Tmǁ +QMi2M2`2 BMi2`B
?� MQK2 #�b2
?� mM BM/B`BxxQ UTQbBxBQM2 M2H KQ#BH2V- +?2 ĕ [m2HHQ /2HH� +2HH� /B
K2KQ`B� �bbQ+B�i� �HH� p�`B�#BH2
?� mM p�HQ`2 BMBxB�H2- +?2 T2`ǁ MQM ĕ bB;MB}+�iBpQ Uĕ +�bm�H2V
=) BH +�bb2iiQ pB2M2 +`2�iQ TB2MQ- T2`ǁ +QM mM Q;;2iiQ b+2HiQ � +�bQ-
Qpp2`Q
=) HǶ�bbQ+B�xBQM2 M2HHQ bi�iQ ĕ /2H iBTQ MQK2 ; \

BMi �Hi2xx�c
BMi �`2�c
=) +QK2 T2` #�b2

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rkj f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

o�`B�#BHB MmK2`B+?2

o�`B�#BHB BMi2`2
T2` /B+?B�`�`2 p�`B�#BHB BMi2`2 bB Tmǁ mb�`2 BH iBTQ BMi
B p�HQ`B /B iBTQ BMi bQMQ `�TT`2b2Mi�iB BM * +QM �HK2MQ Re #Bi
BH MmK2`Q 2z2iiBpQ /B #Bi /BT2M/2 /�H +QKTBH�iQ`2
1b2KTBQ, jk #Bi T2` BH +QKTBH�iQ`2 ;++ Umb�iQ BM �K#B2Mi2 lMBtV
BM * 2bBbiQMQ �Hi`B iBTB T2` p�`B�#BHB BMi2`2 Ub?Q`i- HQM;V ě HB p2/`2KQ
TBɍ �p�MiB

o�`B�#BHB `2�HB
T2` /B+?B�`�`2 p�`B�#BHB `2�HB bB Tmǁ mb�`2 BH iBTQ 7HQ�i
1b2KTBQ, 7HQ�i i2KT2`�im`�c

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rk9 f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

�`2� /2H `2ii�M;QHQ
#�b2 4 jc
ĕ mMǶBbi`mxBQM2 /B �bb2;M�K2MiQ U+QK2 M2HHQ Tb2m/Q@HBM;m�;;BQV

BM * HǶQT2`�iQ`2 /B �bb2;M�K2MiQ ĕ /2MQi�iQ /�H bBK#QHQ ǳ4Ǵ
+QK2 ;B¨ b�TTB�KQ- HǶ2z2iiQ ĕ /B KQ/B}+�`2 mM� �bbQ+B�xBQM2 M2HHQ
bi�iQ
=) BM [m2biQ +�bQ BH p�HQ`2 j pB2M2 �bbQ+B�iQ � #�b2- +QK2\
=) BH MmQpQ p�HQ`2 pB2M2 b+`BiiQ M2HH� bT�xBQ �bbQ+B�iQ �HH� p�`B�#BH2
� [m2biQ TmMiQ H� p�`B�#BH2 #�b2 ?� mM p�HQ`2 bB;MB}+�iBpQ
=) /� #�b2 ; \ � #�b2 ; j

�Hi2xx� 4 9c =) +QK2 bQT`�
�`2� 4 #�b2  �Hi2xx�c
� /2bi`� /B ǳ4Ǵ TQbbQMQ +QKT�`B`2 2bT`2bbBQMB =) BH p�HQ`2 �bb2;M�iQ ĕ
[m2HHQ /2HHǶ2bT`2bbBQM2 +�H+QH�i� M2HHQ bi�iQ +Q``2Mi2

mM� p�`B�#BH2 �HHǶBMi2`MQ /B mM� 2bT`2bbBQM2 bi� T2` BH p�HQ`2 �/ 2bb�
�bbQ+B�iQ BM [m2H KQK2MiQ U+7X Tb2m/Q@HBM;m�;;BQV

LQi�, QT2`�iQ`B �`BiK2iB+B i`� BMi2`B /2H * bQMQ, Y- @-  - f- W- Ę
*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rk8 f kNj



GBM;m�;;BQ * AMi`Q/mxBQM2 �H *

�`2� /2H `2ii�M;QHQ

T`BMi7U]�`2�, W/$M]- �`2�Vc

ĕ mMǶBbi`mxBQM2 /B bi�KT�
BH T`BKQ �`;QK2MiQ ĕ H� bi`BM;� /B 7Q`K�iQ +?2 Tmǁ +QMi2M2`2
bT2+B}+�iQ`B /B 7Q`K�iQ
HQ bT2+B}+�iQ`2 /B 7Q`K�iQ W/ BM/B+� +?2 /2p2 2bb2`2 bi�KT�iQ mM
BMi2`Q BM MQi�xBQM2 /2+BK�H2 U/ T2` /2+BK�HV
�/ Q;MB bT2+B}+�iQ`2 /B 7Q`K�iQ M2HH� bi`BM;� /2p2 +Q``BbTQM/2`2 mM
p�HQ`2 +?2 /2p2 b2;mB`2 H� bi`BM;� /B 7Q`K�iQ i`� ;HB �`;QK2MiB /B
T`BMi7

1b2KTBQ, T`BMi7U] W/ W/· · · W/]- BR- Bk- XXX- BM Vc
M2H +�bQ /B T`BMi7U]*B�Q KQM/Q5\M]Vc H� bi`BM;� /B 7Q`K�iQ MQM
+QMi2M2p� bT2+B}+�iQ`B 2 [mBM/B MQM pB 2`�MQ �Hi`B �`;QK2MiBX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rke f kNj



GBM;m�;;BQ * ai`miim`� /2B T`Q;`�KKB BM *

ai`miim`� /2B T`Q;`�KKB *
L2H b2KTHB+2 T`Q;`�KK� +?2 �##B�KQ �TT2M� �M�HBxx�iQ TQbbB�KQ
;B¨ p2/2`2 H� bi`miim`� ;2M2`�H2 /B mM T`Q;`�KK� *X
f .A_1hhAo1 .A *PJSAG�wAPL1  f
OBM+Hm/2 Ibi/BQX?=
K�BMUV &

f S�_h1 .A*>A�_�hAo�  f
BMi #�b2c
BMi �Hi2xx�c
BMi �`2�c

f S�_h1 1a1*lhAo�  f
#�b2 4 jc
�Hi2xx� 4 9c
�`2� 4 #�b2  �Hi2xx�c
T`BMi7U]�`2�, W/$M]- �`2�Vc

'
*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rkd f kNj



GBM;m�;;BQ * ai`miim`� /2B T`Q;`�KKB BM *

lM T`Q;`�KK� * /2p2 +QMi2M2`2 M2HHǶQ`/BM2,
lM� T�`i2 +QMi2M2Mi2 /B`2iiBp2 T2` BH +QKTBH�iQ`2X L2H MQbi`Q
T`Q;`�KK� H� /B`2iiBp�
OBM+Hm/2 Ibi/BQX?=

HǶB/2MiB}+�iQ`2 T`2/2}MBiQ K�BM b2;mBiQ /�HH2 T�`2Mi2bB UVX
/m2 T�`iB `�++?Bmb2 i`� T�`2Mi2bB ;`�z2

H� T�`i2 /B+?B�`�iBp�X L2HHǶ2b2KTBQ,
BMi #�b2c
BMi �Hi2xx�c
BMi �`2�c

H� T�`i2 2b2+miBp�X L2HHǶ2b2KTBQ,
#�b2 4 jc
�Hi2xx� 4 9c
�`2� 4 #�b2  �Hi2xx�c
T`BMi7U]�`2�, W/$M]- �`2�Vc

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rk3 f kNj



GBM;m�;;BQ * ai`miim`� /2B T`Q;`�KKB BM *

G� T�`i2 /B+?B�`�iBp�
SQbi� T`BK� /2HH� +Q/B}+� /2HHǶ�H;Q`BiKQ- Q##HB;� � /B+?B�`�`2 B MQKB
bBK#QHB+B +?2 b�`�MMQ T`2b2MiB M2HHQ bi�iQ 2 /B +mB 7�`¨ mbQ M2HH� T�`i2
2b2+miBp�X S`BK� bB /B+?B�`� 2 TQB bB mb�X *QMiB2M2 B b2;m2MiB 2H2K2MiB,

H� b2xBQM2 /2HH2 /B+?B�`�xBQMB /B +Qbi�MiB
H� b2xBQM2 /2HH2 /B+?B�`�xBQMB /B p�`B�#BHBc

G2 /B+?B�`�xBQMB, `2M/QMQ TBɍ T2b�Mi2 H� 7�b2 /B +Qbi`mxBQM2 /2B
T`Q;`�KKB- K� +QMb2MiQMQ /B BM/BpB/m�`2 2 b2;M�H�`2 2``Q`B BM 7�b2 /B
+QKTBH�xBQM2X
1b2KTBQ,
BMi tc
BMi �H7�c
�H7� 4 yc
t4�H7�c
�H#�4�H7�YRc

AH +QKTBH�iQ`2 p2/2 �H#� +QK2 p�`B�#BH2 MQM /B+?B�`�i�X
*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RkN f kNj



GBM;m�;;BQ * ai`miim`� /2B T`Q;`�KKB BM *

.B+?B�`�xBQMB /B p�`B�#BHB
�##B�KQ ;B¨ pBbiQ 2b2KTB /B /B+?B�`�xBQMB /B p�`B�#BHBX
7HQ�i tc
BMi #�b2c
BMi �Hi2xx�c
�/ Q;MB p�`B�#BH2 pB2M2 �ii`B#mBiQ- �H KQK2MiQ /2HH� /B+?B�`�xBQM2- mM
iBTQ
=) bT2+B}+� HǶBMbB2K2 /2B p�HQ`B +?2 H� p�`B�#BH2 Tmǁ �bbmK2`2
G� /B+?B�`�xBQM2 Tmǁ �M+?2 �ii`B#mB`2 mM p�HQ`2 BMBxB�H2 �HH� p�`B�#BH2
UBMBxB�HBxx�xBQM2V

BMi t 4 yc
o�`B�#BHB /2HHQ bi2bbQ iBTQ TQbbQMQ 2bb2`2 /B+?B�`�i2
+QMi2KTQ`�M2�K2Mi2

BMi #�b2- �Hi2xx�- �`2�c
UK� BMBxB�HBxx�i2 bBM;QH�`K2Mi2V
1b2KTBQ, BMi t- v- x4yc bQHQ x ĕ BMBxB�HBxx�i� � yX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rjy f kNj



GBM;m�;;BQ * ai`miim`� /2B T`Q;`�KKB BM *

.B+?B�`�xBQMB /B +Qbi�MiB Up�`B�#BHB `2�/@QMHvV
lM� /B+?B�`�xBQM2 /B +Qbi�Mi2k +`2� mMǶ�bbQ+B�xBQM2 MQM KQ/B}+�#BH2
=) �bbQ+B� BM KQ/Q T2`K�M2Mi2 mM p�HQ`2 �/ mM B/2MiB}+�iQ`2X .B
bQHBiQ bB 2bi2M/2 BH +�KTQ /2B p�HQ`B `�TT`2b2Mi�#BHBX
1b2KTBQ,
+QMbi 7HQ�i SB:`2+Q4jXR9c
+QMbi BMi L4Ryyc
GǶ�bbQ+B�xBQM2 i`� BH MQK2 SB:`2+Q 2/ BH p�HQ`2 jXR9 MQM Tmǁ 2bb2`2
KQ/B}+�i� /m`�Mi2 HǶ2b2+mxBQM2X
*QK2 T2` H2 /B+?B�`�xBQMB /B p�`B�#BHB- TBɍ +Qbi�MiB /2HHQ bi2bbQ iBTQ
TQbbQMQ 2bb2`2 /B+?B�`�i2 BMbB2K2
1b2KTBQ,
+QMbi 7HQ�i SB:`2+Q4jXR9- 24kXdR3c
+QMbi BMi L4Ryy- J4kyyc
LX"X +Qb� bm++2/2 b2 bB KQ/B}+� mM� +Qbi�Mi2 MQM ĕ bT2+B}+�iQ /�HHQ
bi�M/�`/ �LaA *- /BT2M/2 /�H +QKTBH�iQ`2X

k+7X mbQ /Bp2`bQ /B O/27BM2- p2/B T�;BM� bm++2bbBp�X
*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 RjR f kNj



GBM;m�;;BQ * ai`miim`� /2B T`Q;`�KKB BM *

.B;`2bbBQM2 bmHH2 +Qbi�MiB, H� /B`2iiBp� O/27BM2

G� /B+?B�`�xBQM2 /B +Qbi�Mi2- �/ 2b2KTBQ
+QMbi BMi LK�t 4 Ryc

+�mb� HǶ�HHQ+�xBQM2 /B K2KQ`B� UbB i`�ii� /B mM� /B+?B�`�xBQM2 /B
p�`B�#BH2 `2�/ QMHvV
*Ƕĕ mM �Hi`Q KQ/Q T2` Qii2M2`2 mM B/2MiB}+�iQ`2 +Qbi�Mi2- +?2 miBHBxx�
H� /B`2iiBp� O/2}M2X

O/2}M2 LK�t Ry
O/2}M2 ĕ mM� /B`2iiBp� /B +QKTBH�xBQM2
/B+2 �H +QKTBH�iQ`2 /B bQbiBimB`2 Q;MB Q++Q``2Mx� /B LK�t +QM Ry T`BK�
/B +QKTBH�`2 BH T`Q;`�KK�
� /Bz2`2Mx� /B +QMbi MQM �HHQ+� K2KQ`B�

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 Rjk f kNj



GBM;m�;;BQ * ai`miim`� /2B T`Q;`�KKB BM *

lbQ /B +Qbi�MiB

*QM H� /B+?B�`�xBQM2 +QMbi 7HQ�i SB:`2+Q4jXR9c
HǶBbi`mxBQM2
�`2�*2`+?BQ4SB:`2+Q _�;;BQ*2`+?BQ _�;;BQ*2`+?BQc

ĕ 2[mBp�H2Mi2 �
�`2�*2`+?BQ4jXR9 _�;;BQ*2`+?BQ _�;;BQ*2`+?BQ

J�;;BQ`2 H2;;B#BHBi¨ /2B T`Q;`�KKB- /Qpmi� �HHǶmbQ /B MQKB bBK#QHB+B
J�;;BQ`2 �/�ii�#BHBi¨ /2B T`Q;`�KKB +?2 mb�MQ +Qbi�MiB
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