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FOREWORD

The Information Technology and Telecom sectors have suddenly opened up avenues, which require a very

large specially trained manpower. These sectors are highly dynamic and need training and re-training of manpower

at a rapid rate. The growing gap of requirement of the industry and its fulfilment has created a challenging situation

before manpower training institutes of the country. To meet this challenge most effectively, Centre for Electronics

Design and Technology of India (CEDTI) has launched its nation-wide franchising scheme.

Centre for Electronics Design and Technology of  India (CEDTI) is an Autonomous Scientific Society under

the Govt. of India, Department of Electronics with its Headquarters at New Delhi. It operates seven centres located

at Aurangabad, Calicut, Gorakhpur, Imphal, Mohali, Jammu and Tezpur. The scheme will be implemented and

coordinated by these centres.

The scheme endeavours to promote high quality computer and information technology education in the

country at an affordable cost while ensuring uniform standards in order to build a national resource of trained

manpower. Low course fees will make this education available to people in relatively small, semi urban and rural

areas. State-of-the-art training will be provided keeping in view the existing and emerging needs of the industrial

and Govt. sectors. The examinations will be conducted by CEDTI and certificates will also be awarded by CEDTI.

The scheme will be operated through all the seven centres of CEDTI.

The CEDTI functions under the overall control and guidance of the Governing Council with Secretary,

Department of Electronics as its Chairman. The members of the council are drawn from scientific, government and

industrial sectors. The Centres have separate executive committees headed by Director General, CEDTI. The

members of these committees are from academic/professional institutes, state governments, industry and

department of electronics.

CEDTI is a quality conscious organisation and has taken steps to formally get recognition of the quality and

standards in various activities. CEDTI, Mohali was granted the prestigious ISO 9002 certificate in 1997. The other

centres have taken steps to obtain the certification as early as possible. This quality consciousness will assist

CEDTI in globalizing some of its activities. In keeping with its philosophy of ‘Quality in every Activity’, CEDTI will

endeavour to impart state of the art – computer and IT training through its franchising scheme.

The thrust of the Software Courses is to train the students at various levels to carry out the Management

Information System functions of a medium sized esTablishment, manufacture Software for domestic and export

use, make multimedia presentations for management and effectively produce various manufacturing and architectural

designs.

The thrust of the Hardware Courses at Technician and Telecommunication Equipment Maintenance Course

levels is to train the students to diagnose the faults and carry out repairs at card level in computers, instruments,

EPABX, Fax etc. and other office equipment.  At Engineer and Network Engineer levels the thrust is to train them

as System Engineers to instal and supervise the Window NT, Netware and Unix Networking Systems and repair

Microcontrollers / Microprocessor based electronic applications.



An Advisory Committee comprising eminent and expert personalities from the Information Technology field

have been constituted to advise CEDTI on introduction of new courses and revising the syllabus of existing

courses to meet the changing IT needs of the trade, industry and service sectors. The ultimate objective is to

provide industry-specific quality education in modular form to supplement the formal education.

The study material has been prepared by the CEDTI, document centre.  It is based on the vast and rich

instructional experience of all the CEDTI centres.  Any suggestions on the improvement of the study material will

be most welcome.

(R. S. Khandpur)

Director General (CEDTI)



24'(#%'

6JG� RTKOCT[� QDLGEVKXG� QH� VJKU� DQQM� KU� VQ� UGTXG� CU� VJG� VGZV� KP� &KIKVCN

'NGEVTQPKEU� HQT� *CTFYCTG� EQWTUGU� 
'URGEKCNN[� HQT� 6'/� NGXGN� %QWTUG�� HQT

'NGEVTQPKEU� GPIKPGGTKPI� UVWFGPVU�� 1WT� CRRTQCEJ� KU� VQ� UVTGUU� VJG

HWPFCOGPVCN� EQPEGRVU�QH�&KIKVCN�GNGEVTQPKEU��9G�JQRG� VQ�EQPXG[�DQVJ� VJG

UWDUVCPEG�CPF�HNCXQT�QH� VJG�UWDLGEV�� �6JG�DTGCFVJ�CPF�FGRVJ�QH� VTGCVOGPV

CNUQ� OCMGU� VJKU� XQNWOG� C� XCNWCDNG� CFLWPEV� VQ� EQPVKPWKPI� GFWECVKQP� QH

RTCEVKEKPI�VGEJPKEKCPU��GPIKPGGTU�CPF�EQORWVGT�GPIKPGGTU�

6JKU� DQQM� JCU� UWDUVCPVKCN� COQWPV� QH� PGY� OCVGTKCN� VJCV� JCU� DGGP

CFFGF� VQ� TGHNGEV� EJCPIGU� KP� VGEJPQNQI[� CPF� EWTTKEWNC�� � 6JKU� DQQM� JGNRU

YJGTG� [QW� PGGF� KV�� QHHGTKPI� WUGHWN� CPF� RTCEVKECN� UWIIGUVKQP�� 6JG� EJCRVGT

QPG� FGCNU� YKVJ� PWODGT� U[UVGOU�� � +V� EQXGTU� $CUKE� PWODGTKPI� U[UVGO�

%JCRVGTU� VYQ�� VJTGG�� HQWT� FGCN�YKVJ� DCUKEU� QH� KPVGITCVGF� EKTEWKVU�� FKHHGTGPV

66.���%/15�NQIKE�CPF�UGOKEQPFWEVQT�OGOQTKGU��%JCRVGT�HKXG�KU�QP�GKIJV

DKV� OKETQRTQEGUUQT� YKVJ� KPVTQFWEVKQP� VQ� ���DKV� OKETQRTQEGUUQT� UWEJ� CU

������� %JCRVGT� UKZ� HQEWUGU� QP� %QOOWPKECVKQP� 6JGQT[�� %JCRVGT� 5GXGP

FGCNU�YKVJ�/QFWNCVKQP�

6JG�TGXKGY�SWGUVKQPU�YKNN�DG�CXCKNCDNG�CV�VJG�GPF�QH�GCEJ�EJCRVGT�UQ�

VJCV� VJG� UVWFGPVOU� SWCNKVCVKXG� MPQYNGFIG�QH� VJG� VGZV�OCVGTKCN� KU� KPETGCUGF�

6JG� OCVGTKCN� QH� VJKU� DQQM� KU� EQNNGEVKQP� QH� CTVKENGU� HTQO� XCTKQWU� DQQMU

OGPVKQPGF�KP�$KDNKQITCRJ[�

%'&6+





%106'065

%*#26'4�� 07/$'4�5;56'/5 �

��� +PVTQFWEVKQP

��� &GEKOCN PWODGT U[UVGOU

��� $KPCT[ PWODGT U[UVGO

��� %QPXGTUKQP QH $KPCT[ VQ &GEKOCN

��� %QPXGTVKPI &GEKOCN VQ $KPCT[

��� (TCEVKQPCN $KPCT[ PWODGTU

��� %QPXGTVKPI $KPCT[ HTCEVKQPCN VQ &GEKOCN

��� %QPXGTVKPI &GEKOCN HTCEVKQP VQ $KPCT[

��� 1EVCN PWODGT U[UVGO

���� %QPXGTUKQP HTQO 1EVCN VQ &GEKOCN

���� %QPXGTVKPI &GEKOCN VQ 1EVCN

���� *GZCFGEKOCN PWODGT U[UVGO

���� %QPXGTVKPI *GZ PWODGT VQ &GEKOCN

���� %QPXGTVKPI &GEKOCN VQ *GZCFGEKOCN

���� $KPCT[ 1EVCN EQPXGTUKQP

���� $KPCT[ *GZCFGEKOCN EQPXGTUKQP

���� $KPCT[ CFFKVKQP

���� $KPCT[ UWDVTCEVKQP

���� %QORNGOGPV QRGTCVKQPU

���� $KPCT[ /WNVKRNKECVKQP

���� $KPCT[ &KXKUKQP

���� %QFGU

���� 'ZEGUU VJTGG EQFG

���� #5%++ EQFG

���� #5%++ EQFG VCDNG

���� )TC[ EQFG

���� )TC[ VQ $KPCT[ EQPXGTUKQP

���� $KPCT[ VQ )TC[ EQPXGTUKQP
���� 2CTKV[ KP EQFGU



%*#26'4�� &+)+6#.�.1)+%�(#/+.+'5 ��

��� +0641&7%6+10

��� $KRQNCT NQIKE HCOKN[

��� 5CVWTCVGF DKRQNCT NQIKE HCOKNKGU

��� 0QP UCVWTCVGF $KRQNCT

��� 7PKRQNCT NQIKE HCOKNKGU

��� %JCTCEVGTKUVKEU QH &KIKVCN +%U

��� %JCTCEVGTKUVKEU WUGF VQ EQORCTG RGTHQTOCPEG

��� +PVGITCVKQP KPLGEVKQP NQIKE 
+�.�

��� *KIJ�6JTGUJQNF NQIKE *6.

���� 6TCPUKUVQT � VTCPUKUVQT NQIKE 66.

���� 'OKVVGT�EQWRNGF NQIKE '%.

���� /15 NQIKE HCOKNKGU

���� 2TQRCICVKQP &GNC[ VKOG

���� %QORCTKUQP QH &KIKVCN +% NQIKE HCOKNKGU

���� 2CEMCIKPI 6GEJPKSWGU

%*#26'4�� 16*'4�&+)+6#.�%+4%7+65 ��

��� +PVTQFWEVKQP

��� &KIKVCN )CVGU

��� 7PKFKTGEVKQPCN $WHHGTU

��� 6TKUVCVG NQIKE

��� /WNVKRNGZGT� &GOWNVKRNGZGT � 'PEQFGT

��� .CVEJ

��� 4GIKUVGTU � %QWPVGTU

%*#26'4�� 5'/+%10&7%614�/'/14+'5 ��

��� +PVTQFWEVKQP

��� /GOQT[ 5VQTCIG %GNN

��� /GOQT[ +% 1TICPKUCVKQP

��� /GOQT[ %NCUUKHKECVKQP

���C 4#/

���D 54#/

���E &4#/

��� 41/

���C 241/

���D '241/



���E ''241/

��� /CKP OGOQT[ CPF 5GEQPFCT[ OGOQT[

%*#26'4�� +0641&7%6+10�61�/+%41241%'55145 ��

��� +PVTQFWEVKQP

��� /KETQ %QORWVGT 1TICPKUCVKQP

��� %QORWVGT .CPIWCIG � /CEJKPG .CPIWCIG

��� #TEJKVGEVWTG QH � DKV )GPGTKE %27

��� +PVGTTWRVU

��� /GOQT[ #FFTGUUKPI

��� &/#

��� ���� #TEJKVGEVWTG

��� #FXCPEG 2TQEGUUQTU

%*#26'4�� %1//70+%#6+10�6*'14; ��

��� +PVTQFWEVKQP

��� %QOOWPKECVKQP 5[UVGO

��� /QFWNCVKQP

��� &GEKDGN

��� $CPFYKFVJ

��� 4( #ORNKHKGT

��� 5KIPCN VQ 0QKUG 4CVKQ

��� +ORGFCPEG /CVEJKPI

%*#26'4�� /1&7.#6+10 ���

��� +PVTQFWEVKQP

��� #ORNKVWFG /QFWNCVKQP

��� (TGSWGPE[ /QFWNCVKQP

��� 2TG 'ORJCUKU � &G�'ORJCUKU

��� 2JCUG /QFWNCVKQP

��� #WVQOCVKE (TGSWGPE[ %QPVTQN

��� #WVQOCVKE )CKP %QPVTQN

��� +( #ORNKHKGT

$+$.+1)4#2*; ���



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

1

%JCRVGT�1PG

07/$'4�5;56'/5

(GCVWTGU� ��� +PVTQFWEVKQP

��� &GEKOCN PWODGT U[UVGOU

��� $KPCT[ PWODGT U[UVGO

��� %QPXGTUKQP QH $KPCT[ VQ &GEKOCN

��� %QPXGTVKPI &GEKOCN VQ $KPCT[

��� (TCEVKQPCN $KPCT[ PWODGTU

��� %QPXGTVKPI $KPCT[ HTCEVKQPCN VQ &GEKOCN

��� %QPXGTVKPI &GEKOCN HTCEVKQP VQ $KPCT[

��� 1EVCN PWODGT U[UVGO

���� %QPXGTUKQP HTQO 1EVCN VQ &GEKOCN

���� %QPXGTVKPI &GEKOCN VQ 1EVCN

���� *GZCFGEKOCN PWODGT U[UVGO

���� %QPXGTVKPI *GZ PWODGT VQ &GEKOCN

���� %QPXGTVKPI &GEKOCN VQ *GZCFGEKOCN

���� $KPCT[ 1EVCN EQPXGTUKQP

���� $KPCT[ *GZCFGEKOCN EQPXGTUKQP

���� $KPCT[ CFFKVKQP

���� $KPCT[ UWDVTCEVKQP

���� %QORNGOGPV QRGTCVKQPU

���� $KPCT[ /WNVKRNKECVKQP

���� $KPCT[ &KXKUKQP

���� %QFGU

���� 'ZEGUU VJTGG EQFG

���� #5%++ EQFG

���� #5%++ EQFG VCDNG

���� )TC[ EQFG

���� )TC[ VQ $KPCT[ EQPXGTUKQP

���� $KPCT[ VQ )TC[ EQPXGTUKQP

���� 2CTKV[ KP EQFGU



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

2

��� +0641&7%6+10�

+P GXGT[FC[ NKHG� IGPGTCNN[ C FGEKOCN PWODGT U[UVGO KU WUGF YJKEJ KU UCKF VQ DG QH DCUG ��� 6JG

DCUG QH PWODGT U[UVGO KU VJCV� TCKUGF VQ \GTQ RQYGT� KU VJG NQYGUV RQUKVKQP XCNWG� TCKUGF VQ HKTUV

RQYGT� KV KU UGEQPF RQUKVKQP XCNWG� CPF UQ QP� +P EQORWVGTU� $+0#4; PWODGT U[UVGO KU WUGF

YJKEJ KU QH DCUG �� # UYKVEJ DGKPI 10 
�� QT 1(( 
��� C XQNVCIG DGKPI RTGUGPV 
�� QT \GTQ WPKV


��� CNN VJKU ECP DG TGRTGUGPVGF D[ � U[ODQN� � CPF � QT NQY QT JKIJ� 6JWU� VJG $+0#4; U[UVGO

KU EQPXGPKGPV KP EQORWVGTU�

0WODGT�5[UVGOU

��� &GEKOCN PWODGT U[UVGOU�
6JKU PWODGT U[UVGO OCMGU WUG QH �� U[ODQNU K�G� ������������������� VJCV KU VJG DCUG QH VJKU
PWODGT U[UVGO KU ���

��� KU � JWPFTGFU� � VGP� � WPKVU�

QT ��� � � Z ���  � Z ���  � Z ���

� � JWPFTGFU  � VGPU  � WPKVU

C IGPGTCN GZRTGUUKQP HQT CP[ PWODGT KP C U[UVGO QH DCUG 4 KU

0 � F
P
4P ���F

�
4�  F

�
4�  F

�
4�  F

�
4�

9JGTG 0 KU PWODGT
F
P
KU FKIKV KP VJCV RQUKVKQP

4 KU DCUG QT TCFKZ

��� $KPCT[�PWODGT�U[UVGO

6JKU PWODGT U[UVGO WUGU U[ODQNU � CPF � CPF JGPEG VJG DCUG QH VJG U[UVGO KU ��
0 � ��������������������������������  �F�  �F�  �F�  F�

9JGTG F
�
� F

�
� F

�
�F

�
CTG GKVJGT � QT ��

'�I� ���� KU � Z ��  � Z ��  � Z ��  � Z ��

� �  �  �  �

� ��

6JQWIJ DKPCT[ U[UVGO KU YCUVGHWN QH URCEG PGGFKPI HQWT FKIKVU VQ URGEKH[ C PWODGT� VJCV QPN[

TGSWKTGF QPG FKIKV KP FGEKOCN� VJG U[UVGO KU WUGF NCTIGN[ KP EQORWVGT DGECWUG QH UKORNKEKV[�

��� %QPXGTUKQP�QH�$KPCT[�VQ�&GEKOCN

#FF VJG XCNWG HQT GCEJ RQUKVKQP QH PWODGT JCXKPI DKPCT[ FKIKV QH �

'�I� $KPCT[ ����� ECP DG EQPXGTVGF VQ &GEKOCN CU

0 � � Z ��  � Z ��  � Z ��  � Z ��  � Z ��

� ��



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

3

��� %QPXGTVKPI�&GEKOCN�VQ�$KPCT[

4GRGCVGFN[ FKXKFG D[ � WUKPI TGOCKPFGT CU EQPXGTUKQP XCNWG G�I� VQ EQPXGTV �� VQ DKPCT[�

��� ��� ��� ���� ���� 4CFKZ

� � � � �� 3WQVKGPV
    
� � � � � 4GOCKPFGT

/5& .5&

4GCF VJG NCUV TGOCKPFGT CU /5& 
OQUV UKIPKHKECPV FKIKV� CPF HKTUV TGOCKPFGT CU .5& 
NGCUV
UKIPKHKECPV FKIKV��

��� (TCEVKQPCN�DKPCT[�PWODGTU

#P[ HTCEVKQPCN PWODGT ECP DG YTKVVGP CU

0 � F
�
Z 4��  F

�
Z 4��  F

�
: 4��  �����F

P
Z 4�P

��� %QPXGTVKPI�DKPCT[�HTCEVKQPCN�VQ�FGEKOCN

'�I� 
���������
�

� � Z ���  � Z ���  � Z ���  � Z ���  � Z ���  � Z ���

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

��

��� %QPXGTVKPI FGEKOCN HTCEVKQP VQ DKPCT[

'�I� � 
��������
��

������� ������� �������
Z � Z � Z �


�������� 
�������� 
��������

� � �

#PUYGT KU 
�����������
�

��� 1EVCN�PWODGT�U[UVGO

1EVCN KU DCUG � U[UVGO� +V KU RQRWNCT DGECWUG KV EQPXGTVU GCUKN[ VQ DKPCT[� &KIKVU CTG � VQ ��



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

4

���� %QPXGTUKQP�HTQO�1EVCN�VQ�&GEKOCN

G�I� 
���
�

� � Z ��  � Z ��

� ��  �

� 
���
��

���� %QPXGTVKPI�&GEKOCN�VQ�1EVCN

4GRGCVGFN[ FKXKFG HQT KPVGIGT RCTV QH VJG PWODGT
'�I� 
����

��
�

��� ���� ����� 4CFKZ

� � �� 3WQVKGPV
  
� � � 4GOCKPFGT


����
��
� 
����

�

���� *GZCFGEKOCN�PWODGT�U[UVGO

+V KU C DCUG �� PWODGT U[UVGO JCXKPI FKIKVU HTQO � VQ � CPF NGVVGTU #� $� %� &� '� CPF (�

���� %QPXGTVKPI�*GZ�PWODGT�VQ�&GEKOCN

'�I� 
���
��

� � Z ���  � Z���

� ��  �
� 
���

��


�(�
��

� � Z ���  ( Z ���

� ��  ��
� 
���

��


#��
��

� # Z ���  � Z���

� �� Z ��  �
� 
����

��



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

5

���� %QPXGTVKPI�&GEKOCN�VQ�*GZCFGEKOCN

'�I�
����
��

���� ������

� �
 
� � � 
���

��

'�I� 
����
��

����� ������

� ��
 
��
(� � � 
(��

��

���� $KPCT[�1EVCN�%QPXGTUKQP


����
�

� ��� ��� ���


����������
�


����������
�

� ��� ��� ���

� 
����
�

���� $KPCT[�*GZCFGEKOCN�%QPXGTUKQP


�������������
�

� ���� ���� ����

� � ( �
� 
�(��

��


�#��
��

� ���� ���� ����

� 
�������������
�

���� $KPCT[�CFFKVKQP

��������
��������
��������� 9+6*���%#44;
'�I�

������ ��
�������  ��

�������������� ��



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

6

���� $KPCT[�5WDVTCEVKQP

���������
��������� 9+6*�10'�$14419
���������
���������

�
���� %QORNGOGPV�1RGTCVKQPU

1PG	U EQORNGOGPV QH � � �
1PG	U EQORNGOGPV QH � � �

6YQ	U EQORNGOGPV � 1PG	U EQORNGOGPV RNWU �
6Q HKPF �	U CPF �	U EQORNGOGPV QH VJG PWODGT
0 � ������

�	U EQORNGOGPV QH 0 � ������
�	U EQORNGOGPV QH 0 � ������

5WDVTCEVKQP WUKPI �	U CPF �	U EQORNGOGPV

������ ������ ������
������ ������ �OU ������ �OU

������� ������� +IPQTG� ECTT[
� GPF CTQWPF ECTT[

������

���� $KPCT[�/WNVKRNKECVKQP

������ ��
Z ��� Z�
������ ���
������

������
���������

���� $KPCT[�&KXKUKQP
���� 3WQVKGPV ��

&KXKUQT ��� � ������� &KXKFGPF � � ��
� ���
�����
� ���
������� 4GOCKPFGT



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

7

���� %QFGU

%QFKPI QH KPHQTOCVKQP KU C OGCPU QH URGEKH[KPI EJCTCEVGTU WUKPI QVJGT U[ODQNU� %QFGU CTG WUGF
HQT UGEWTKV[� UQ VJCV QVJGT YKNN PQV DG CDNG VQ TGCF VJG OGUUCIG�

$%& � ���� %1&'

$%&�DKPCT[ EQFGF FGEKOCN KU DCUKE EQFG� +V WUGU DKPCT[ PWODGT U[UVGO VQ URGEKH[ FGEKOCN
PWODGTU � VQ �� 0WODGTU � VQ �� 0WODGTU � VQ � CTG YTKVVGP KP HQTOU QH ��	U CPF ��	U� *GPEG� KV
KU DKPCT[ EQFG� 6JKU EQFG TGSWKTGU HQWT DKVU VQ URGEKH[ C QPG FKIKV FGEKOCN EJCTCEVGT� '�I� �� KP

&GEKOCN KU �������� KP $%& YGKIJV QH TKIJV OQUV RQUKVKQP KU �� QT �� QH UGEQPF KU ��� VJKTF ���
CPF EQFG KU CNUQ ECNNGF CP ������� EQFG�

6JKU EQFG KU PQV UCOG CU DKPCT[ PWODGTU�

6GP KP DKPCT[ KU ���� CPF KP $%& CTG ��������

���

��
KP DKPCT[ KU ����� CPF KP $%& KU �������

���� 'ZEGUU�VJTGG�EQFG

+V KU OQFKHKGF HQTO QH $%&� 'CEJ EQFGF EJCTCEVGT KP GZEGUU � EQFG KU � NCTIGT KP $%&� 5+: KU
YTKVVGP CU �����

&GEKOCN $%& 'ZEGUU��

�� �������� ��������

��� ������������ ������������

'ZEGUU � � KU PQV C YGKIJVGF EQFG�

���� #5%++�%QFG

# UVCPFCTF EQFG KU CEEGRVGF D[ KPFWUVT[� #OGTKECP 5VCPFCTF EQFGU HQT +PHQTOCVKQP +PVGTEJCPIG
EQFG KU ��DKV EQFG  �VJ DKV WUGF HQT RCTKV[� +V JCU NQYGTECUG� WRRGTECUG EJCTCEVGTU� URGEKCN
EJCTCEVGTU CPF EQOOCPF QRGTCVKQPU�

�����#5%++�%QFG�6CDNG

'ZCORNG� # � �� � ��� �����
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5$> /5$ *GZ � � � � � � � �

$KPCT[ ��� ��� ��� ��� ��� ��� ��� ���

� ���� 07. &.' 52 � " 2 R

� ���� 51* &%� � � # 3 C S

� ���� 56: &%� 		 � $ 4 D T

� ���� '6: &%� � � % 5 E U

� ���� '16 &%� � � & 6 F V

� ���� � � ' 7 G W

� ���� @ � ( 8 H X

� ���� � � ) 9 I Y

� ���� $5 %#0 
 � * : J Z

� ���� *6 '/ � � + ; + [

�� ���� .( 57$ � � , < L \

�� ���� 86 '5%  � - = M ]

�� ���� (( (5 N � . > N ^

�� ���� %4 )5 � � / ? O _

�� ���� 51 45 �  0 @ P `

�� ���� 5+ 75 � ! 1 A Q &'.

6JKU�VCDNG�OC[�PQV�DG�TGOGODGTGF�

���� )TC[�%QFG

+V KU C PQP�YGKIJVGF EQFG� KP VJKU ECUG QPN[ C UKPING DKV 
HTQO .5$ UKFG� EJCPIGU DGVYGGP GCEJ
UWEEGUUKXG YQTF�

&GEKOCN $KPCT[ )TC[ %QFG

� ���� ����

� ���� ����

� ���� ����

� ���� ����

� ���� ����

� ���� ����

� ���� ����

� ���� ����

� ���� ����

� ���� ����

�� ���� ����

�� ���� ����

�� ���� ����
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���� )TC[�VQ�$KPCT[�%QPXGTUKQP

�� 5VCTV YKVJ /5$ QH )TC[ EQFG YQTF� $KPCT[ DKV KU UCOG CU )TC[ WRVQ CPF KPENWFKPI HKTUV ��
�� 0QY KH ITC[ EQFG DKV KU �� EJCPIG RTGEGFKPI DKPCT[ FKIKV VQ QDVCKP RTGUGPV DKPCT[ FKIKV� +H ��

TGRGCV VJG UCOG FKIKV�

'�I� %QPXGTV )TC[ EQFG 0WODGT �����������

)TC[ � � � � � � � � � � �

$KPCT[ � � � � � � � � � � �

%QPXGTV )TC[ PWODGT ������������� KP VQ $KPCT[

)TC[ � � � � � � � � � �

$KPCT[ � � � � � � � � � �

���� $KPCT[�VQ�)TC[�%QPXGTUKQP

�� 5VCTVKPI YKVJ /5$� EQORCTG GCEJ RCKT QH UWEEGGFKPI DKVU�
�� +H VJG[ CTG VJG UCOG RNCEG� RWV C � KP ITC[ EQFG YQTF�
�� +H VJG[ CTG FKHHGTGPV RNCEG� RWV C � KP )TC[ EQFG� %QORCTG HKTUV DKPCT[ FKIKV VQ � VQ UVCTV�

'�I� %QPXGTV ������������ VQ )TC[ EQFG�

$KPCT[ � � � � � � � � � �

)TC[ � � � � � � � � � �

016'� %QPXGTUKQP QH )CT[ VQ $KPCT[ CPF $KPCT[ VQ )CT[ PGGF PQV DG UVWFKGF HTQO GZCOKPCVKQP
RQKPV QH XKGY�

���� 2CTKV[�KP�%QFGU

$KV�2CTKV[� # RQRWNCT OGCPU QH FGVGEVKPI CP GTTQT KU VJG WUG QH RCTKV[ DKVU� 2CTKV[ ECP DG GKVJGT
QFF QT GXGP� CFFKVKQP QH C RCTKV[ DKV YKNN OCMG VJG VQVCN PWODGT QH �	U KP C %QFG EJCTCEVGT GKVJGT
CP QFF PWODGT QT CP GXGP PWODGT�

+P GXGP RCTKV[ VJG CFFGF RCTKV[ DKV YKNN OCMG VJG VQVCN PWODGT QH �	U CP GXGP COQWPV�

+P QFF RCTKV[ VJG CFFGF RCTKV[ DKV YKNN OCMG VJG VQVCN PWODGT QH �	U CP QFF COQWPV�

9JGP C EQFG YQTF KU TGEGKXGF KV KU EJGEMGF HQT RCTKV[ 
QHH QT GXGP DGKPI EJQUGP RTGXKQWUN[� CPF
KU CEEGRVGF CU EQTTGEV KH KV RCUUGU VJG VGUV�

9QTF� 2CTKV[� 9KVJ DKV RCTKV[ KV KU RQUUKDNG VQ FGVGEV C UKPING GTTQT� /QTG VJCP QPG GTTQT
QEEWTTKPI KU PQV FGVGEVGF� 9QTF RCTKV[ GPCDNGU FGVGEVKPI CPF EQTTGEVKPI VJG UKPING DKV GTTQT�
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%QORWVGT FQGU RCTKV[ EJGEM QH GCEJ YQTF CPF QH GCEJ EQNWOP� 'CEJ YQTF JCU QPG RCTKV[ DKV
CPF KP C DNQEM QH YQTFU VJGTG KU QPG RCTKV[ YQTF� YJKEJ CNNQYU HQT GTTQT EQTTGEVKQP�

4GXKGY�3WGUVKQPU

�� 9J[ QPN[ $KPCT[ PWODGTU U[UVGO KU WUGF KP EQORWVGT 
&KIKVCN� !

�� %QPXGTV &GEKOCN 0Q���� VQ $KPCT[ 'SWKXCNGPV�

�� %QPXGTV $KPCT[ 0Q� ������������ VQ &GEKOCN 'SWKXCNGPV�

�� 'ZRNCKP JQY RCTKV[ EQFGU CTG IGPGTCVGF!
�� %QPXGTV FGEKOCN HTCEVKQP 
�������

��
VQ $KPCT[�

�� (KPF �	U EQORNGOGPV QH C DKPCT[ 0WODGT ����������
�� %QPXGTV 
����

��
&GEKOCN VQ *GZCFGEKOCN 0WODGT�

�� %QPXGTV &GEKOCN 0WODGT 
����
��
VQ 1EVCN 0WODGT�
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%JCRVGT�6YQ

+06')4#6'&�%+4%7+65

(GCVWTGU �

��� +PVTQFWEVKQP

��� $KRQNCT NQIKE HCOKN[

��� 5CVWTCVGF DKRQNCT NQIKE HCOKNKGU

��� 0QP UCVWTCVGF DKRQNCT NQIKE HCOKNKGU

��� 7PKRQNCT NQIKE HCOKNKGU

��� %JCTCEVGTKUVKEU QH &KIKVCN +%U

��� %JCTCEVGTKUVKEU WUGF VQ EQORCTG RGTHQTOCPEG

��� +PVGITCVKQP KPLGEVKQP NQIKE 
+
�
.�

��� *KIJ�6JTGUJQNF NQIKE 
*6.�

���� 6TCPUKUVQT � VTCPUKUVQT NQIKE 
66.�

���� 'OKVVGT�EQWRNGF NQIKE 
'%.�

���� /15 NQIKE HCOKNKGU

���� 2TQRCICVKQP FGNC[ VKOG

���� %QORCTKUQP QH &KIKVCN +% NQIKE HCOKNKGU

���� 2CEMCIKPI 6GEJPKSWGU
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��� +0641&7%6+10�

/CP[ EQORNGZ FKIKVCN HWPEVKQPU JCXG DGGP TGCNKUGF KP C XCTKGV[ QH HQTOU CPF GCEJ HQTO KU
TGHGTTGF VQ CU C NQIKE HCOKN[� 6JGTG CTG VYQ V[RGU QH UGOKEQPFWEVQT FGXKEGU� $KRQNCT CPF
7PKRQNCT� #EEQTFKPIN[ +%U CTG TGHGTTGF VQ CU $KRQNCT .QIKE (COKN[ QT 7PKRQNCT .QIKE (COKN[�

��� $KRQNCT�.QIKE�(COKN[

6JGTG CTG VYQ V[RGU QH QRGTCVKQPU KP DKRQNCT +%U� �� 5CVWTCVGF CPF �� 0QP�UCVWTCVGF�

��� 5CVWTCVGF�$KRQNCT�.QIKE�(COKNKGU�CTG�

��4GUKUVQT � VTCPUKUVQT NQIKE 
46.�

��&KTGEV EQWRNGF VTCPUKUVQT NQIKE 
&%6.�

�� +PVGITCVGF � KPLGEVKQP NQIKE 
+�.�

��&KQFG VTCPUKUVQT NQIKE 
&6.�

��*KIJ VJTGUJQNF NQIKE 
*6.�

��6TCPUKUVQT � VTCPUKUVQT NQIKE 
66.�

��� 0QP�UCVWTCVGF�DKRQNCT�NQIKE�HCOKNKGU�CTG�

��5EJQVVM[ 66.

��'OKVVGT � EQWRNGF NQIKE 
'%.�

��� 7PKRQNCT�NQIKE�HCOKNKGU

/15 FGXKEGU CTG 7PKRQNCT CPF QPN[ /15('6U CTG WUGF KP /15 NQIKE EKTEWKVU� /15 NQIKE

HCOKNKGU CTG �

�� 2/15

�� 0/15

�� %/15

��� %JCTCEVGTKUVKEU�QH�&KIKVCN�+%U

%NCUUKHKECVKQP DCUGF WRQP PWODGT QH ICVGU ECP DG IKXGP CU�

5OCNN�UECNG KPVGITCVKQP ICVGU NGUU VJCP ��

/GFKWO UECNG KPVGITCVKQP ICVGU �� QT OQTG DWV NGUU VJCP ���

.CTIG UECNG KPVGITCVKQP ICVGU ��� QT OQTG DWV NGUU VJCP ����

8GT[ NCTIG UECNG KPVGITCVKQP ICVGU ���� QT OQTG�
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��� %JCTCEVGTKUVKEU�WUGF�VQ�EQORCTG�VJG�RGTHQTOCPEG�CTG��

�� 5RGGF QH QRGTCVKQP

�� 2QYGT FKUUKRCVKQP

�� (CP�QWV

�� %WTTGPV CPF XQNVCIG RCTCOGVGTU

�� 0QKUG KOOWPKV[

�� 1RGTCVKPI VGORGTCVWTG

�� 2QYGT UWRRN[ TGSWKTGOGPVU

�� (NGZKDKNKV[OU CXCKNCDNG

46.� &6.� CPF &%6. HCOKNKGU CTG PQ OQTG WUGF HQT PGY U[UVGOU DGECWUG QH VJGKT NQY URGGF�

JKIJ RQYGT FKUUKRCVKQP CPF NQY HCP�QWV�

��� +PVGITCVKQP��+PLGEVKQP�NQIKE�
+
�
.�

+
�
. JCU UKORNKEKV[� WUGF XGT[ UOCNN UKNKEQP EJKR CTGC� EQPUWOGU XGT[ NKVVNG RQYGT� TGSWKTGU QPN[

HQWT OCUMU CPF VYQ FKHHWUKQPU CPF JGPEG KU GCUKGT CPF EJGCRGT VQ HCDTKECVG�

+
�
. VGEJPQNQI[ KU VJG EQPEGRV QH OGTIKPI EQORQPGPVU� QPG UGOKEQPFWEVQT TGIKQP KU RCTV QH � QT

OQTG FGXKEGU�

$CUKE QRGTCVKQP QH +
�
. KU GZRNCKPGF YKVJ VJG JGNR QH KPXGTVGT EKTEWKV� +H KPRWV 8K KU CV NQY NGXGN� 6�

KU QHH UQ VJCV + $� � �� KPRWV UQWTEG CEVU CU C UKPM HQT EWTTGPV .�� 6JGTGHQTG� +
�
. HNQYU VJTQWIJ

DCUG QH 6� FTKXKPI KP UCVWTCVKQP YJGP 6� KU QHH� CPF 6� KU QP� 8 $'� � 8 %'�`���8�

+H KPRWV KU CV *+)* NGXGN� + $�� YKNN JCXG VYQ EQORQPGPVU N� CPF QVJGT FWG VQ 8K� 6� UCVWTCVGU�

6JGTGHQTG� 8 %'� � 8 %' UCV ` ��� 8� YJKEJ FTKXGU 6 � VQ EWV QHH CPF 6 � CEVU CU C UKPM HQT +��

6JKU UJQYU VJCV NQIKE NGXGN CV 81 KU EQORNGOGPV VQ VJCV QH 8K� 6� CEVU CU CP KPXGTVGT� NQIKE UYKPI

KU CDQWV ���8�

(KI� ��� +
�
. 6GEJPQNQI[
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5KORNKHKGF RJ[UKECN UVTWEVWTG QH C RQTVKQP QH +
�
. EKTEWKV KU UJQYP KP HKI� ���� CU �

(KI� ���� 5KORNKHKGF 2J[UKECN 5VTWEVWTG QH +
�
. %KTEWKV

5RGGF QH QRGTCVKQP FGRGPFU WRQP EJCTIKPI EWTTGPV� 2TQRCICVKQP FGNC[ VKOG KU KPXGTUGN[

RTQRQTVKQPCN VQ EJCTIKPI EWTTGPV� 2QYGT FKUUKRCVKQP KU CNUQ RTQRQTVKQPCN VQ EJCTIKPI EWTTGPV�

2CEMCIG FGPUKV[ KU KP TCPIG QH ��� VQ ��� ICVGU RGT USWCTG OO� QH +%�

��� *KIJ� �� 6JTGUJQNF� .QIKE� *6.� &WG VQ RTGUUWTG QH GNGEVTKE OQVQTU� QP�QHH EQPVTQN

EKTEWKVU� XQNVCIG UYKVEJGU� KP CP KPFWUVTKCN GPXKTQPOGPV� VJG PQKUG NGXGN KU SWKVG JKIJ� (QT VJKU

RWTRQUG� &6. ICVGU CTG TGFGUKIPGF YKVJ JKIJGT UWRRN[ XQNVCIG 
��8��

���� 6TCPUKUVQT���VTCPUKUVQT�NQIKE�
66.�

66. KU OQUV RQRWNCT IGPGTCN RWTRQUG HCOKN[� +V KU CXCKNCDNG KP � FKHHGTGPV UGTKGU� $CUKE 66.

0#0& ICVG KU UJQYP KP HKIWTG� #P[ KPRWV QH NQIKECN � YKNN TGUWNV KP 3� DGKPI FTKXGP QP 3 JGNF QHH

CPF QWVRWV �8%%� 1PN[ KH CNN KPRWVU CTG NQIKE � �� S KU QP CPF QWVRWV KU NQIKECN ��
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1WVRWV VTCPUKUVQT QHH � +H QPG KPRWV KU 18� 3� KU FTKXGP QP RTQXKFKPI NQY EQNNGEVQT�GOKVVGT

UCVWTCVKQP XQNVCIG QH 3� CU KPRWV VQ DCUG QH 3�� $CUG QH 3� KU JGNF CV ���� 8� 3� TGOCKPU QHH�

QWVRWV IQKPI WRVQ �8�

1WVRWV VTCPUKUVQT QP � 9KVJ CNN KPRWVU CV �8 QT NGHV QRGP� S� QRGTCVGU KP TGXGTUG OQFG� FTKXKPI

3� QP� QWVRWV VJGP KU CRRTQZKOCVGN[ GSWCN VQ ����8�

66.�%KTEWKV�QWVRWV�EQPPGEVKQPU��&KHHGTGPV V[RGU QH QWVRWV EQPPGEVKQPU CTG OCFG CXCKNCDNG

KP 66. NQIKE ICVGU� (QT GZCORNG VJG 6QVGO RQNG QWVRWVU YKNN IKXG JKIJ UYKVEJKPI URGGF CPF JKIJ

EWTTGPV QWVRWVU� QRGP EQNNGEVQT QWVRWVU XK\� QRGP� ENQUG� CPF JKIJ KORGFCPEG UVCVGU� 1WVRWV

EQPPGEVKQPU HQT VJG CDQXG EQPHKIWTCVKQP CTG UJQYP DGNQY �
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5EJQVVM[ 66. � 5RGGF NKOKVCVKQP QH 66. KU FWG VQ VWTP QHH VKOG FGNC[U KP VTCPUKUVQTU IQKPI HTQO

UCVWTCVKQP VQ EWV�QHH� 7UKPI 5EJQVVM[ VTCPUKUVQTU GNKOKPCVGU VJKU� 6TCPUKUVQT KU RTGXGPVGF HTQO

GPVGTKPI UCVWTCVKQP CPF VJGTG KU UCXKPI QH VWTP QHH VKOG�

%CVGIQT[ 66. +%U RTGHKZ 'ZCORNGU
5VCPFCTF 66. ��� ����� �����

*KIJ 2QYGT 66. �� *� ��*��� ��*���

�� 9 2QYGT 66. �� .� ��.��� ��.���

5EJQVVM[ 2QYGT 66. �� 5� ��5��� ��5���

�� 9 2QYGT 5EJQVVM[ 66. �� .5� ��.5��� ��.5���

���� 'OKVVGT� ��%QWRNGF�.QIKE� 
'%.� � '%. KU HCUVGUV QH CNN NQIKE HCOKNKGU� 6TCPUKUVQTU CTG

WUGF KP FKHHGTGPEG CORNKHKGT EQPHKIWTCVKQPU� 6JGTGHQTG� VJG[ CTG PQV FTKXGP KP UCVWTCVKQP CPF

UVQTCIG VKOG KU GNKOKPCVGF� 'OKVVGTU QH VYQ VTCPUKUVQTU CTG EQPPGEVGF '%. ICVG JCU VJTGG RCTVU�

OKFFNG KU FKHHGTGPEG CORNKHKGT YJKEJ RGTHQTOU NQIKE QRGTCVKQP� 'OKVVGT HQNNQYGTU CTG HQT FE NGXGN

UJKHVKPI QH QWVRWVU� #FFKVKQPCN VTCPUKUVQTU CTG WUGF KP RCTCNNGN VQ 6� VQ IGV TGSWKTGF HCP�KP� $CUKE

FKHHGTGPEG DGVYGGP '%. CPF CNN QVJGT HCOKNKGU KU� KP '%.� RQUKVKXG GPF QH UWRRN[ KU EQPPGEVGF VQ

ITQWPF� 6JKU KU VQ OKPKOKUG VJG GHHGEV QH PQKUG KP RQYGT UWRRN[ CPF RTQVGEVKQP QH ICVG HTQO UJQTV

EKTEWKVU�

(KI� ���� 'OKVVGT � EQWRNGF .QIKE 
'%.�

���� /15�.QIKE�(COKNKGU� � /15 FGXKEGU QEEWR[ XGT[ UOCNN CTGC CPF TGSWKTG XGT[ UOCNN

RQYGT� &KUCFXCPVCIG QH /15 NQIKE KU UNQY URGGF� 6JG EKTEWKVU KP YJKEJ QPN[ P QT R EJCPPGN

FGXKEGU CTG WUGF CTG 0/15 CPF 2/15 NQIKE TGURGEVKXGN[� 'PJCPEGOGPV OQFG R CPF P

EJCPPGN /15 FGXKEGU HCDTKECVGF QP UCOG EJKR CTG EQORNGOGPVCT[ /15('6U CPF NQIKE DCUGF

QP VJQUG KP %/15 .QIKE�
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$CUKE /15 ICVG KU CP KPXGTVGT CU UJQYP KP HKIWTG� 6� KU CP GPJCPEGOGPV /15('6 CEVKPI CU C

FTKXGT� 6 KU CP GPJCPEGOGPV FGRNGVKQP /15('6 CEVKPI CU NQCF� +PUVGCF QH TGUKUVQT HQT NQCF�

/15('6 KVUGNH KU WUGF CU NQCF�

(KI� ���� # /QU +PXGTVGT YKVJ


C� 'PJCPEGOGPV .QCF 
D� &GRNGVKQP .QCF

(CP�QWV� /15 FGXKEGU JCXG JKIJ KPRWV KORGFCPEG� JGPEG HCP�QWV KU NCTIG�

���� 2TQRCICVKQP�FGNC[� VKOG� +V KU XGT[ NCTIG DGECWUG QH NCTIG ECRCEKVCPEG CV KPRWV CPF

QWVRWV QH /15 FGXKEGU�

2QYGT�&KUUKRCVKQP� 2QYGT %QPUWORVKQP KP /15 EKTEWKVU KU UOCNN�

%/15� .1)+% � # EQORNGOGPVCT[ /15('6 KU QDVCKPGF D[ EQPPGEVKPI R CPF P EJCPPGN

/15('6 KP UGTKGU� YKVJ FTCKPU VKGF VQIGVJGT CPF QWVRWV KU VCMGP CV EQOOQP FTCKP� +PRWV KU

CRRNKGF CV EQOOQP ICVG D[ EQPPGEVKPI ICVGU VQIGVJGT� +P %/15� RCEMCIG FGPUKV[ KU TGFWEGF

DGECWUG R CPF P EJCPPGN GPJCPEGOGPV /15 FGXKEGU CTG HCDTKECVGF QP UCOG EJKR� 5OCNN

RQYGT EQPUWORVKQP JGPEG KFGCNN[ UWKVGF HQT DCVVGT[ QRGTCVGF U[UVGOU�

%/15 +08'46'4 �

(KI� ���� %/15 +PXGTVGT
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.QIKE NGXGNU CTG �8 CPF 8
EE
� YJGP 8K � 8

EE
6
�
VWTPU QP CPF 6

�
QHH� 6JGTGHQTG� 8

�
` �8

�
6
�
VWTPU

QHH CPF 6
�
QP� QWVRWV XQNVCIG 8

�
���� 8

EE
� +

P
KP DQVJ ECUGU KU UOCNN� 6YQ RQRWNCT UGTKGU ���� CPF

��%���% UGTKGU CTG CXCKNCDNG CPF KV KU EQORCVKDNG YKVJ ����� 66. HCOKN[�

���� %QORCTKUQP�QH�&KIKVCN�+%�NQIKE�HCOKNKGU

�����2CEMCIKPI�6GEJPKSWGU�

6JGTG CTG VYQ MKPFU QH RCEMCIKPI VGEJPKSWGU WUGF HQT UGOKEQPFWEVQT +% CUUGODN[� 6JTQWIJ
*QNG� 5WTHCEG /QWPV CUUGODN[� 6JG RCEMCIKPI QH XCTKQWU UGOKEQPFWEVQT EJKRU CTG DCUGF QP
HQNNQYKPI HWPEVKQPCN CURGEVU �

�� 6JG RCEMCIKPI UJQWNF OGGV VJG GXGT�KPETGCUKPI PWODGT QH KPVGTEQPPGEVKQPU QT RKP EQWPVU
HQT VJG +%�

�� +V UJQWNF RTQVGEV VJG EJKR HTQO OQKUVWTG� NKIJV� YJKEJ PQTOCNN[ CHHGEVU VJG +% QRGTCVKQP CPF
NKHG�

�� +% UJQWNF DG OCPWHCEVWTGF UQ VJCV KV ECP FKUUKRCVG VJG JGCV DWKNF WR KPUKFG VJG +% FWG VQ VJG
HWPEVKQPKPI QH VJG EJKR�

8CTKQWU VGEJPKSWGU QH RCEMCIKPI CTG CXCKNCDNG NKUVGF DGNQY�

%CVGIQT[ � 6JTQWIJ *QNG � +P VJKU ECVGIQT[ VJG JKIJGUV PWODGT QH RKP EQWPVU CXCKNCDNG KU ��

&+2�� $G[QPF VJKU VJG RJ[UKECN FKOGPUKQPU NKOKVU VJG WUG QH RCEMCIG� # JKIJGT EQWPV KU
QDVCKPGF VJTQWIJ 2)# YJKEJ KU C VYQ FKOGPUKQPCN RCVVGTP� 6JKU RCEMCIG JCU UQOG NKOKVCVKQPU�
(KPGT RKVEJ UK\GU TGUWNV KP VJKPPGT RKPU YJKEJ CTG OQTG UGPUKVKXG VQ JCPFNKPI CPF VQ KPUGTVKQP KPVQ
UQEMGVU CPF CTG IGPGTCNN[ OQTG FKHHKEWNV VQ UVTCKIJVGP�

5+2 � 5KPING KP NKPG RCEMCIG
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5+2�VCD � 5KPING +P .KPG RCEMCIG YKVJ OGVCN JGCV UKPM
&+2 � &WCN +P .KPG RCEMCIG
&+2�VCD � &WCN +P .KPG RCEMCIG YKVJ OGVCN JGCV UKPM
5+// � 5KPING +0 .KPG /GOQT[ /QFWNG
37+2�VCD � 3WCF +0 .KPG 2CEMCIG YKVJ OGVCN JGCV UKPM

(KI� ��� &WCN +PNKPG 2CEMCIG YKVJ /GVCN JGCV UKPM

(KI� ��� 5OCNN 1WVNKPG 
5WTHCEG /QWPV�

(KI �� � &WCN +PNKPG 2CEMCIG
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(KI ���� .GCF .GUU %JKR %CTTKGT

2)#���2KP�)TKF�#TTC[

5WTHCEG /QWPV %CVGIQT[� 5WTHCEG OQWPV RCEMCIKPI CNNQYU DGVVGT WVKNKUCVKQP QH VJG EJKR CTGC D[
C OWEJ TGFWEGF RKVEJ QH VJG NGCFU� 7UG QH 5/& TGUWNVU KP TGFWEGF DQCTF CTGC VJGTGD[ UCXKPI
KP VQVCN EQUV� 6JG VTGPF QH RCEMCIKPI KU KPENKPGF VQYCTFU UWTHCEG OQWPV FGXKEGU DGECWUG QH VJG
JKIJGT +PRWV� 1WVRWV RKP EQWPVU� # NKSWKF HNWZ KU WUGF HQT UQNFGTKPI VJGUG FGXKEGU VQ VJG DQCTF�
#U VJG NGCF RKVEJ KU XGT[ NGUU JGPEG QTFKPCT[ OCEJKPGU CTG PQV WUGF HQT UQNFGTKPI� +P UWTHCEG
OQWPV VGEJPQNQI[� FKHHGTGPV UQNFGTKPI VGEJPKSWGU CTG WUGF� KP YJKEJ HKPPGT UQNFGT VKRU CTG WUGF�
6JG UQNFGTKPI KU FQPG CV NQY VGORGTCVWTG� YJKEJ KU NGUU VJCP ��� FGITGG EGPVKITCFG KP
EQORCTKUQP VQ UVCPFCTF ��� FGITGG EGPVKITCFG�

512 � 5OCNN QWVNKPG RCEMCIG &+2
3(2 � (NCV RCEMCIG� 3WCF UV[NG
2.%%� 2NCUVKE .GCFGF %JKR %CTTKGT
51,&+2 � 5OCNN 1WVNKPG &+2 9KVJ �,� .GCFU

(KI� ����� 2KP )TKF #TTC[
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(KI������ (NCV 2CEMCIG� 3WCF 5V[NG 
5VTCKIJV�.GCF CPF )WNN�9KPI�

(KI� ����� 5KPING +PNKPG /GOQT[ /QFWNG

4GXKGY�3WGUVKQPU

�� # UVCPFCTF 66. ICVG FTKXGU HKXG UKOKNCT ICVGU

C� 9JGP KVU QWVRWV KU *+)*� JQY OWEJ EWTTGPV ECP KV UQWTEG !

D� 9JGP KVU QWVRWV KU .19� JQY OWEJ EWTTGPV KV UKPMU!

�� 9JKEJ 66. UWD�HCOKN[ KU DGUV HQT .19 RQYGT EQPUWORVKQP�

�� .KUV VJTGG V[RGU QH 66. !

�� 9JCV KU VJG HCPQWV QH FKIKVCN +% !

�� 5JQY VJG KPVGTHCEKPI QH %/15 0#0& ICVG FKTGEVN[ FTKXKPI .'& UQ VJCV VJG KPFKECVQT NKIJV

INQYU 
10� YJGP ICVG QWV RWV KU *+)*� WUG C ��8 RQYGT UWRRN[�

�� .KUV UQOG FKUCFXCPVCIGU QH %/15 +%U QXGT 66. +%U !

�� 9JGP C FGUKIPGT UGNGEVU C NQIKE HCOKN[ 9JCV VYQ XGT[ KORQTVCPV EJCTCEVGTKUVKEU OWUV

DG EQPUKFGTGF !

(TQPV 8KGY
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�� &KUEWUU YJ[ PQKUG OC[ DG NGUU QH C RTQDNGO YKVJ 66. GXGP VJQWIJ 66. JCU JKIJGT

PQKUG KOOWPKV[�

�� 9JCV KU C NQIKE JKIJ NGXGN � NQY NGXGN XQNVCIG 66. +%	U !

��� 9JCV KU #EVKXG RWNN WR ! 'ZRNCKP KP FGVCKN�
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016'5
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016'5
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016'5
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016'5
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016'5
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016'5
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%JCRVGT�6JTGG

16*'4�&+)+6#.�%+4%7+65

(GCVWTGU �

��� +PVTQFWEVKQP
��� .QIKE )CVGU

��� 7PKFKTGEVKQPCN $WHHGTU

��� 6TKUVCVG NQIKE

��� /WNVKRNGZGT� &GOWNVKRNGZGT � 'PEQFGT

��� .CVEJ

��� 4GIKUVGTU � %QWPVGTU
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�������+PVTQFWEVKQP

6JG�FKIKVCN� EKTEWKVU� QRGTCVG� KP� VYQ� UVCVGU�� +P� DKPCT[� PWODGT� U[UVGO�YG�CTG� WUKPI� ����

0QY�VJG�XQNVCIG�NGXGN�ECP�TGRTGUGPV�VJGUG��6JG�JKIJ�XQNVCIG�NGXGN� KU�TGRTGUGPVGF�D[��

CPF�VJG�NQY�NGXGN�KU�TGRTGUGPVGF�D[���&KIKVCN�EKTEWKVU�RGTHQTO��XCTKQWU�NQIKECN�QRGTCVKQPU

CPF�CTG�EQOOQPN[�VGTOGF�CU�NQIKE�EKTEWKV�

��� .QIKE�)CVGU��$CUKE� NQIKE� ICVGU� WUGF� HQT� VJG� NQIKECN� QRGTCVKQP� CTG� KPXGTVGT� ICVG�

#0&�ICVG�CPF�14�ICVG�

+PXGTVGT��#P�KPXGTVGT�KU�C�ICVG��YJKEJ�JCU�QPN[�QPG�KPRWV�CPF�QPG�QWVRWV��6JG�QWVRWV�KU

VJG� EQORNGOGPVCT[� QH� VJG� KPRWV�� +V� KU� CNUQ� MPQYP� CU�016� ICVG�� 6JG� NQIKECN� U[ODQN� �

GSWCVKQP�CPF�VJG�VTWVJ�VCDNG�KU��UJQYP�KP�VJG�HKI������DGNQY�

: ; ;�: : ;

� �

� �

(KI 0Q� ��� 016 )#6'

14�)CVG��14�)CVG�KU�C�VYQ�QT�OQTG�KPRWV�ICVG��KP�YJKEJ�VJG�QWVRWV�KU�JKIJ�YJGP�QPG�QT

CNN�VJG�KPRWVU�CTG�JKIJ��6JG�NQIKE�U[ODQN��GSWCVKQP���VJG�VTWVJ�VCDNG�CTG�UJQYP�KP�HKI����

(+) ��� 
C� 691 +0276 14 )#6' 
D� 6476* 6#$.'

#0&�)CVG���#0&�)CVG� KU�C�CNUQ�C� VYQ�QT�OQTG� KPRWV�ICVG� KP�YJKEJ� VJG�QWVRWV� KU�JKIJ

YJGP�CNN�VJG�KPRWVU�CTG�JKIJ��6JG�NQIKE�U[ODQN��GSWCVKQP�CPF�VJG�VTWVJ�VCDNG�CTG�UJQYP

KP�HKI�����

(KI ��� 
C� #0& )#6' 
D� 6476* 6#$.'

 C = A+B

 C = A. B
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014�)CVG��014�ICVG�KU�CP�KPXGTVGF�14�ICVG��KP�YJKEJ�VJG�14�ICVG�KU�HQNNQYGF�D[�VJG

KPXGTVGT�ICVG��6JG�QWVRWV�KU�NQY�YJGP�QPG�QT�CNN�VJG�KPRWVU�CTG�JKIJ���5GG�HKI�����

(KI ��� 
C� 014 )#6' 
D� 6476* 6#$.'

0#0&�ICVG���0#0&��ICVG�KU�KPXGTVGF��#0&�ICVG�KP�YJKEJ�VJG�#0&�ICVG�KU�HQNNQYGF�D[

VJG� KPXGTVGT�YJKEJ� KU�TGRTGUGPVGF�D[�VJG�DWDDNG��6JG�QWVRWV� KU� NQY�YJGP�CNN� VJG� KPRWVU

CTG�JKIJ��6JG�NQIKE�U[ODQN��GSWCVKQP�CPF�VJG�VTWVJ�VCDNG�KU�UJQYP�KP�HKI�����

(KI� ��� 
C� 0#0& )#6' 
D� 6476* 6#$.'

6JG� FKIKVCN� NQIKE� EKTEWKV� ECP� DG� QRVKOKUGF� D[� WUKPI� VJG� &G�/QTICP	U� 6JGQTGO�� YJKEJ

TGFWEGU�VJG�PWODGT�QH�NQIKE�ICVGU��+V�JCU�DGGP�QDUGTXGF�VJCV�VJG�014�CPF�VJG�0#0&

ICVGU�ECP�TGRNCEG�VJG�DCUKE�NQIKE�ICVGU�14��#0&��016��

(KI ��� %QODKPCVKQP QH #0&�14 )#6'5 
57/ QH 2TQFWEVU�

+P RTCEVKECN EKTEWKVU C EQODKPCVKQP QH XCTKQWU ICVGU KU WUGF� 5QOG QH VJG RQUUKDNG EQODKPCVKQPU

CTG UJQYP KP HKIWTG ��� � ���
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(KI� ��� %QODKPCVKQP QH 14 �#0& ICVGU 
 2TQFWEV QH 5WOU �

��� 7PKFKTGEVKQPCN�$WHHGTU� 6JG DWHHGT KU DCUKECNN[ C 016 ICVG TGRTGUGPVGF D[ C U[ODQN� +P

VJG HKI DGNQY # KU VJG KPRWV CPF : KU QWVRWV�

# :

6JG KPRWV KU CEVKXG JKIJ� VJG QWVRWV : KU VJG CEVKXG NQY� +H VJG DWDDNG KU RWV CV VJG QWVRWV VJGP KV

KPFKECVGU CEVKXG NQY� 6JG KPRWV JCU PQ DWDDNG� 5Q KV KU CEVKXG JKIJ� ;QW ECP TGCF VJG HWPEVKQP QH

VJG FGXKEG FKTGEVN[ HTQO UEJGOCVKE U[ODQN�

# ; � #

����6TKUVCVG�.QIKE� � +P PQTOCN NQIKE QRGTCVKQP VJGTG CTG VYQ UVCVGU QH VJG QWVRWV� .19 CPF

*+)*� +H VJG QWVRWV KU PQV KP .19 UVCVG� KV KU FGHKPKVGN[ KP QVJGT UVCVG� 5KOKNCTN[ KH VJG QWVRWV KU PQV

KP *+)* UVCVG� KV KU FGHKPKVGN[ KP .19 UVCVG� +P EQORNGZ FKIKVCN U[UVGOU NKMG OKETQEQORWVGTU CPF

OKETQRTQEGUUQTU DCUGF U[UVGOU� C PWODGT QH ICVG QWVRWVU OC[ DG TGSWKTGF VQ DG EQPPGEVGF VQ

C EQOOQP NKPG YJKEJ KU TGHGTTGF VQ CU DWU YJKEJ KP VWTP OC[ DG TGSWKTGF VQ FTKXG C PWODGT QH

ICVG KPRWVU� 6JG VJKTF UVCVG KU KPVTQFWEGF ECNNGF JKIJ KORGFCPEG UVCVG� KP CFFKVKQP VQ .19 CPF

*+)* UVCVGU� 5GG HKI� ��� DGNQY� 6JG HKIWTG UJQYU CEVKXG JKIJ VTKUVCVG DWHHGT ICVG�
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&CVC +PRWV &CVC 1WVRWV

%QPVTQN


#EVKXG *KIJ�

%QPVTQN KPRWV &CVC &CVC QWVRWV

� � *+)*�+ORGFCPEG

� � *+)*�+ORGFCPEG

� � �

� � �

(KI�������#EVKXG�*KIJ�6TKUVCVG�$WHHGT�)CVG

*':�+08'46'4�9+6*�12'0�%1..'%614�176276����.5���

2KP &KCITCO QH ��.5 ��

(WPEVKQPCN 6CDNG

# ;

+PRWV 1WVRWV

* .

. *

&GUETKRVKQP� 6JGUG FGXKEGU EQPVCKP UKZ KPFGRGPFGPV KPXGTVGTU� 6JG QRGP EQNNGEVQT QWVRWVU

TGSWKTG RWNN WR TGUKUVQTU VQ RGTHQTO EQTTGEVN[� 6JG[ OC[ DG EQPPGEVGF VQ QVJGT QRGP EQNNGEVQT

QWVRWVU VQ KORNGOGPV CEVKXG NQY YKTGF�14 QT CEVKXG JKIJ YKTGF #0& HWPEVKQPU�

��� /WNVKRNGZGT��&G�OWNVKRNGZGT�CPF�'PEQFGT�

# OWNVKRNGZGT KU C EKTEWKV YKVJ OCP[ KPRWVU DWV YKVJ QPN[ QPG QWVRWV� $[ CRRN[KPI EQPVTQN UKIPCNU�

YG ECP UVGGT CP[ KPRWV VQ VJG QWVRWV� (KIWTG ��� KNNWUVTCVGU VJG IGPGTCN KFGC� 6JG OWNVKRNGZGT

JCU � KPRWV UKIPCNU� � EQPVTQN UKIPCN CPF QPG QWVRWV UKIPCN� 1PG QH VJG RQRWNCT OWNVKRNGZGTU KU

VJG ���VQ�� OWNVKRNGZGT YJKEJ JCU �� KPRWV DKVU� � EQPVTQN DKVU CPF � QWVRWV DKV� 5QOG VKOGU VJKU

OWNVKRNGZGT ECP DG WUGF CU C FGUKIP UQNWVKQP HQT CP[ HQWT�XCTKCDNG VTWVJ�VCDNG CPF VJGTGHQTG KV KU

CNUQ ECNNGF C WPKXGTUCN NQIKE EKTEWKV� # FGOWNVKRNGZGT KU C NQIKE EKTEWKV YKVJ QPG KPRWV CPF OCP[

QWVRWVU� $[ CRRN[KPI EQPVTQN UKIPCNU YG ECP UVGGT VJG KPRWV UKIPCN VQ QPG QH VJG QWVRWV NKPGU�

(KIWTG ���� CNUQ UJQYU C DNQEM FKCITCO QH C FGOWNVKRNGZGT YKVJ � KPRWV UKIPCN� � EQPVTQN UKIPCNU

CPF � QWVRWV UKIPCNU� # EQOOQPN[ WUGF GZCORNG KU ��VQ��� FGOWNVKRNGZGT� # FGEQFGT KU UKOKNCT
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VQ C FGOWNVKRNGZGT� YKVJ QPG GZEGRVKQP�VJGTG KU PQ FCVC KPRWV� # ��QH��� FGEQFGT KU C XGT[

EQOOQP GZCORNG� +P VJKU QPN[ � QWV QH �� QWVRWV NKPGU YKNN DG CEVKXG� #P GPEQFGT EQPXGTVU CP

CEVKXG KPRWV UKIPCN KPVQ C EQFGF QWVRWV UKIPCN� # XGT[ EQOOQP GZCORNG QH CP GPEQFGT KU

FGEKOCN�VQ�$%& GPEQFGT YJQUG QWVRWV KU DKPCT[ GSWKXCNGPV QH C UKIPCN FGEKOCN KPRWV FKIKV�

(KI ��� 
C� � NKPG�VQ�� NKPG /WNVKRNGZGT 
D� (WPEVKQP QH /WNVKRNGZGT

(KI� ���� � NKPG�VQ���NKPG &G�/WNVKRNGZGT

.KPG 5YKVEJKPI
%QPVTQN

+�2

1�2
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��� .CVEJ���# NCVEJ KU C FKIKVCN FGXKEG VJCV UVQTGU C QPG QT \GTQ QP KVU QWVRWV� (KI� ���� UJQYU

VJG UEJGOCVKE U[ODQN �

(KI ���� .CVEJ

6JG FGXKEG HWPEVKQPU CU HQNNQYU� +H VJG GPCDNG KPRWV ' KU NQY CP[ FCVC RTGUGPV QP & KPRWV YKNN

JCXG PQ GHHGEV QP 3 QT 3� 6JKU KU KPFKECVGF KP VTWVJ VCDNG CU : 
&QPOV %CTG� KP VJG & EQNWOP� +H

VJG GPCDNG KPRWV KU JKIJ� C JKIJ QT NQY QP & KPRWV YKNN DG RCUUGF VQ 3 QWVRWV� +P QVJGT YQTFU� VJG

3 QWVRWV YKNN HQNNQY VJG & KPRWV CU NQPI CU GPCDNG KPRWV KU JKIJ� 6JG 3 QWVRWV YKNN EQPVCKP VJG

EQORNGOGPV QH VJG NQIKE UVCVG QP 3� YJGP VJG GPCDNG KPRWV KU OCFG NQY CICKP� VJG UVCVG QP 3 CV

VJCV VKOG YKNN DG NCVEJGF VJGTG� #P[ EJCPIGU QP & YKNN JCXG PQ GHHGEV QP 3 WPVKN GPCDNG KPRWV KU

OCFG JKIJ CICKP YJGP VJG GPCDNG KPRWV IQGU NQY VJGP� VJG UVCVG RTGUGPV QP & LWUV DGHQTG VJG

GPCDNG IQGU NQY YKNN DG UVQTGF QP VJG 3 QWVRWV�

6JKU & HNKR�HNQR KU CNUQ ECNNGF FCVC HNKR�HNQR� 9JGP VJG HNKR�HNQR TGEGKXGU ENQEM UKIPCN� VJG & KPRWV KU

VTCPUHGTTGF VQ VJG 3 QWVRWV� 6JKU HNKR�HNQR KU EQOOQPN[ WUGF HQT VGORQTCT[ UVQTCIG QH FCVC CPF

VTCPUHGT QH FCVC HTQO QPG WPKV VQ CPQVJGT WPKV KP C EQORWVGT� #PQVJGT WUG QH VJKU HNKR�HNQR KU CU C

HTGSWGPE[ FKXKFGT CU UJQYP KP HKIWTG �����

(KI ���� & (NKR�(NQR CU HTGSWGPE[ FKXKFGT

3
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1EVCN &�6[RG 6TCPURCTGPV .CVEJ CPF GFIG VTKIIGTGF HNKR HNQRU 
��.5 ����

(KI ���� 2KP &KCITCO QH ��.5 ��� 
QEVCN &�6[RG .CVEJ�

6JGUG ��DKV TGIKUVGT HGCVWTG VJTGG UVCVG QWVRWVU FGUKIPGF HQT JKIJ ECRCEKVKXG NQCFU� 6JG JKIJ

KORGFCPEG VJKTF UVCVG CPF KPETGCUGF JKIJ�NQIKE NGXGN FTKXG RTQXKFG VJGUG TGIKUVGTU YKVJ VJG

ECRCDKNKV[ QH DGKPI EQPPGEVGF FKTGEVN[ VQ CPF FTKXKPI DWU NKPGU KP C DWU�QTICPKUGF U[UVGO�

1WVRWV 'PCDNG 'PCDNG .CVEJ & 1WVRWV

. * * *

. * . .

. 3
�

* <

6JG GKIJV NCVEJGU QH .5 ��� CTG VTCPURCTGPV & V[RG NCVEJGU OGCPKPI VJCV YJKNG GPCDNG 
E� KU JKIJ

3 QWVRWV YKNN HQNNQY FCVC 
&� KPRWVU� 9JGP GPCDNG KU VCMGP NQY VJCV QWVRWV YKNN DG NCVEJGF CV VJG

NGXGN QH FCVC VJCV YCU UGV WR�

&KHHGTGPEG�DGVYGGP�C�(NKR�(NQR�CPF�.CVEJ

#P[ HNKR�HNQR KU VTKIIGTGF D[ C ENQEM�KPRWV UKIPCN� 6JG FCVC CV & KPRWV QH VJG HNKR HNQR GPVGTU C HNKR

HNQR QPN[ YJGP VJG HNKR HNQR KU VTKIIGTGF D[ VJG ENQEM KPRWV UKIPCN� 1VJGTYKUG VJG FCVC FQGU PQV

GPVGT VJG HNKR�HNQR PQT JCU GHHGEV QP VJG HNKR�HNQR�

+P ECUG QH C NCVEJ VJG FCVC GPVGTU VJTQWIJ VJG KPRWV NKPGU CU NQPI CU VJG EJKR 
+%� KU UGNGEVGF� QT

VJG NCVEJ KU QRGP 
VJG ICVG KPRWV KU JKIJ�� 9JGP VJG ICVG KPRWV EJCPIGU HTQO JKIJ VQ NQY� VJG

NCVEJ KU ENQUGF� 9JGP VJG NCVEJ KU ENQUGF VJG KPRWVU FQ PQV GPVGT VJG NCVEJ�

6JWU KP C HNKR�HNQR� VJG KPRWVU CTG KIPQTGF DGHQTG VTKIIGTKPI CPF CHVGT VTKIIGTKPI� +P C NCVEJ� VJG

KPRWVU CTG CNNQYGF DGHQTG ENQUKPI CPF KIPQTGF CHVGT KV�
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(KI� ����2KP &KCITCO QH ��.5��� 
1EVCN $WHHGT�

&GUETKRVKQP QH ��.5��� � 6JGUG QEVCN DWHHGTU � NKPG FTKXGTU CTG VJTGG UVCVG OGOQT[ CFFTGUU

FTKXGTU� ENQEM FTKXGTU � DWU QTKGPVGF TGEGKXGTU � VTCPUOKVVGTU� +PXGTVKPI � 0QP KPXGTVKPI QWVRWVU�

U[OOGVTKECN ) 
CEVKXG NQY QWVRWV EQPVTQN� KPRWVU� EQORNGOGPVCT[ ) � )�

��� 4GIKUVGTU CPF %QWPVGTU �

# TGIKUVGT KU C ITQWR QH HNKR�HNQRU VJCV YQTM VQIGVJGT CU C WPKV� 6JG UKORNGUV TGIKUVGTU FQ PQVJKPI
OQTG VJCP UVQTKPI C DKPCT[ YQTF� QVJGT TGIKUVGTU UWEJ CU UJKHV TGIKUVGTU OQFKH[ VJG UVQTGF YQTF
D[ UJKHVKPI KVU DKVU NGHV QT TKIJV QT D[ RGTHQTOKPI QVJGT QRGTCVKQPU� # DWHHGT TGIKUVGT KU VJG UKORNGUV
MKPF QH TGIKUVGT� CNN KV FQGU KU VQ UVQTG C FKIKVCN YQTF�

# UJKHV TGIKUVGT OQXGU VJG UVQTGF DKVU NGHV QT TKIJV� 6JKU DKV UJKHVKPI KU GUUGPVKCN HQT EGTVCKP
CTKVJOGVKE CPF NQIKE QRGTCVKQP WUGF KP OKETQEQORWVGTU VJGTG CTG VYQ YC[U VQ UJKHV FCVC KPVQ C
TGIKUVGT 
UGTKCN CPF RCTCNNGN� CPF UKOKNCTN[ VYQ YC[U VQ UJKHV VJG FCVC QWV QH VJG TGIKUVGT� 6JKU
NGCFU VQ VJG EQPUVTWEVKQP QH HQWT DCUKE TGIKUVGT V[RGU� UGTKCN KP�UGTKCN QWV� UGTKCN KP�RCTCNNGN QWV�
RCTCNNGN KP�UGTKCN QWV� CPF RCTCNNGN KP RCTCNNGN QWV�

# EQWPVGT KU C TGIKUVGT ECRCDNG QH EQWPVKPI VJG PWODGT QH ENQEM RWNUGU VJCV JCXG CTTKXGF CV KVU
ENQEM KPRWV� +V ECP CNUQ DG WUGF HQT OGCUWTKPI VKOG CPF VJGTGHQTG RGTKQF QT HTGSWGPE[� +P C
TKRRNG QT UGTKCN QT U[PEJTQPQWU EQWPVGT HNKR�HNQRU CTG EQPPGEVGF KP ECUECFG K�G� VJG QWVRWV QH C
HNQR�HNQR FTKXGU VJG PGZV HNKR�HNQR� 6JGTGHQTG KV JCU URGGF NKOKVCVKQP� 1P VJG QVJGT JCPF KP C
RCTCNNGN QT U[PEJTQPQWU EQWPVGT CNN VJG HNKR�HNQRU QRGTCVG UKOWNVCPGQWUN[ VJGTGHQTG VJG[ ECP
QRGTCVG CV JKIJGT URGGFU�
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&� 3�

&� 3�

&� 3� %.- 3� 3� 3� 3�

&� 3� &� &� &� &�

%.-

4'5'6 4GUGV KPRWV QXGTTKFGU VJG ENQEM KPRWV

9JGP 4GUGV � �� VJG TGIKUVGT KU ENGCTGF


C�5[ODQN 
D� 6TWVJ 6CDNG

(KI ���� (QWT $KV 4GIKUVGT

5*+(6 4')+56'4 � # UJKHV TGIKUVGT EQPVGPVU ECP DG UJKHVGF GKVJGT NGHV QT TKIJV� 6JGTG CTG UJKHV

TGIKUVGTU JCXKPI $K�FKTGEVKQPCN UJKHVKPI HCEKNKV[ YKVJ EQPVTQN HQT NGHV UJKHV CPF TKIJV UJKHV� 6JG

UJKHVKPI QH VJG EQPVGPVU KU FQPG D[ QPG DKV UJKHV VQ NGHV QT TKIJV� YJGP VJG TGIKUVGT KU VTKIIGTGF D[

VJG ENQEM KPRWV UKIPCN� /CP[ UJKHV TGIKUVGTU CTG CXCKNCDNG

5+51 � 5GTKCN +P 5GTKCN 1WV

5+21 � 5GTKCN +P 2CTCNNGN 1WV

2+21 � 2CTCNNGN +P 2CTCNNGN 1WV

2+51 � 2CTCNNGN +P 5GTKCN QWV

&+4

&� 3�

&� 3�

&� 3�

&� 3�

%.-

.1#& � 5*+(6

+H &KT � �� .GHV 5JKHV KU 'PCDNGF � +H &KT � �� 4KIJV 5JKHV KU 'PCDNGF

9JGP .QCF�5JKHV � �� 5JKHVKPI KU GPCDNGF� 9JGP .QCF�5JKHV � �� VJG &� VQ &� FCVC KU NQCFGF KPVQ

VJG TGIKUVGT� 6JG ENQEM UJKHVU VJG TGIKUVGT EQPVGPV D[ QPG DKV�

(KI ���� (QWT DKV 5JKHV 4GIKUVGT
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4GXKGY�3WGUVKQPU
�� 9JCV KU VJG WUG QH NCVEJ!

�� %CP NCVEJ DG WUGF CU HNKR�HNQR !

�� 9JCV KU VJG WUG QH $WHHGTU !
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016'5
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016'5
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016'5
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016'5
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%JCRVGT�(QWT

5'/+%10&7%614
/'/14+'5

(GCVWTGU �

��� +PVTQFWEVKQP

��� /GOQT[ 5VQTCIG %GNN

��� /GOQT[ +% 1TICPKUCVKQP

��� /GOQT[ %NCUUKHKECVKQP

���C 4#/

���D 54#/

���E &4#/

��� 41/

���C 241/

���D '241/

���E ''241/

��� /CKP OGOQT[ CPF 5GEQPFCT[ OGOQT[
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��� +0641&7%6+10

6JG HWPEVKQP QH OGOQTKGU KU VQ UVQTG RTQITCO� FCVC CPF TGUWNVU� 6JGTG CTG VYQ MKPFU QH
OGOQTKGU� UGOKEQPFWEVQT OGOQTKGU CPF OCIPGVKE OGOQTKGU� 5GOKEQPFWEVQT OGOQTKGU CTG
HCUVGT� UOCNNGT� NKIJVGT� CPF EQPUWOG NGUU RQYGT� 7UGF CU OCKP OGOQT[ QH EQORWVGT� /GOQT[
UVQTGU VJG KPHQTOCVKQP QP C VGORQTCT[ QT C RGTOCPGPV DCUKU HQT HWVWTG WUG� /GOQT[ EKTEWKV KU
EQPUKFGTGF VJG JGCTV QH VJG OKETQRTQEGUUQT U[UVGO CU KV UVQTGU VJG RTQITCO CU YGNN CU VJG FCVC�
YJKEJ KU TGURQPUKDNG HQT VJG QRGTCVKQP QH VJG U[UVGO�

��� /'/14; 5614#)' %'..

/GOQT[ +%U UVQTG RTQITCOU CPF FCVC CU UGSWGPEG QH DKPCT[ FKIKVU 
�U CPF �U� YJGTG C �
TGRTGUGPVU VJG CDUGPEG QH C UKIPCN XQNVCIG CPF C � TGRTGUGPV VJG RTGUGPEG QH C UKIPCN XQNVCIG�
'CEJ DKV TGRTGUGPVU C XQNVCIG NGXGN CPF JGPEG� VJG XQNVCIG OWUV DG UVQTGF KP CP GNGEVTQPKE
EKTEWKV� 6JKU EKTEWKV KU MPQYP CU C UVQTCIG EGNN� 6JG EQPVGPVU QH CP[ UVQTCIG EGNN ECP DG EQRKGF VQ
C DWU QT QVJGT FGXKEG 
VJKU RTQEGUU KU MPQYP CU TGCFKPI�� 5VQTCIG %GNNU ECP CNUQ DG UGV VQ PGY
XCNWGU D[ EQR[KPI FCVC HTQO GZVGTPCN DWU UKIPCNU 
VJKU RTQEGUU KU MPQYP CU YTKVKPI�� 5VQTCIG
EGNNU ECP DG EQODKPGF � CTTC[U CU UJQYP KP HKI� ���� 6JG UVTWEVWTG CPF EQPUVTWEVKQP QH C UVQTCIG
EGNN FGRGPFU QP RCTVKEWNCT OGOQT[ +%�

(KI� ���� /GOQT[ #TTC[
��� /GOQT[ +% 1TICPKUCVKQP�

6JG ECRCEKV[ QH C OGOQT[ EJKR KU IGPGTCNN[ OGCUWTGF KP VGTOU QH VJG PWODGT QH DKVU QT D[VGU KV
EQPVCKPU� #U OQUV EJKRU EQPVCKP OQTG VJCP VJQWUCPF DKVU� VJG OGOQT[ ECRCEKV[ KU GZRTGUUGF KP
MKNQDKVU 
-D� QT OGIC�DKVU 
/D�� 0QVG VJCV VJG D KP VJGUG WPKVU FGPQVGU DKVU� PQV D[VGU�

$GUKFGU VJG ECRCEKV[� QPG JCU VQ EQPUKFGT VJG YQTF UK\G QH VJG EJKR� # YQTF EQPUKUVU QH QPG QT

OQTG DKVU� 6JG YQTF UK\G QH C EJKR FGVGTOKPGU JQY OCP[ DKVU ECP DG CEEGUUGF 
4�9� D[ VJG µ2
KP C UKPING CEEGUU 
4�9� VQ VJG EJKR� # EQOOQPN[ WUGF PQVCVKQP� VJCV KPFKECVGU DQVJ VJG YQTF
UK\G CPF VJG ECRCEKV[ QH VJG EJKR� KU 0 Z U� 4GHGT HKI� ���� JGTG� 0 KU VJG VQVCN PWODGT QH YQTFU

OGOQT[ NQECVKQPU� CPF U KU VJG VQVCN PWODGT QH DKVU RGT YQTF� 6JG ECRCEKV[ QH VJG OGOQT[ KU
QDXKQWUN[ 0 Z U DKVU� 6CDNG ��� NKUVU VJG 14)#0+5#6+10 QH UQOG YKFGN[ WUGF OGOQT[ EJKRU� #
OGOQT[ EJKR JCXKPI 5 DKVU RGT YQTF KU CNUQ TGHGTTGF VQ CU CP 5 DKV YKFG OGOQT[�

6JG GZVGTPCN QTICPKUCVKQP DGUKFGU PQ� QH CFFTGUU DKVU � PQ� QH FCVC DKVU� (KI� ���� UJQYU VJG
GZVGTPCN QTICPKUCVKQP QH C OGOQT[ +%� (QT TGCF�YTKVG %5 UJQWNF DG NQY� 9JGP 9' � NQY� YTKVG
QRGTCVKQP VCMGU RNCEG� 9JGP 9'�JKIJ TGCF� QRGCVKQP VCMGU RNCEG�
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#FFTGUU .KPGU ⇒

0 $KVU�

�������9' 0Q QH #FFTGUU .QECVKQPU � �
0

9QTF .GPIVJ 
&CVC� � 5 DKVU

(QT 4GCF�9TKVG� %5 UJQWNF DG NQY

⇑ 9'���.QY��9TKVG QRGTCVKQP

⇓ VCMGU RNCEG� 9JGP 9' � *KIJ TGCF

5 $KVU FCVC QRGTCVKQP VCMGU RNCEG

(KI� ���� 'ZVGTPCN 1TICPKUCVKQP QH /GOQT[ +%

���� /GOQT[ %NCUUKHKECVKQP�

6JGTG CTG VYQ KORQTVCPV V[RGU QH UGOKEQPFWEVQT OGOQTKGU 4#/ 
4CPFQO #EEGUU /GOQT[�
CPF 41/ 
4GCF 1PN[ /GOQT[�� 6JGTG CTG XCTKQWU V[RGU QH 4#/ CPF 41/�

���C 4#/�

6JG TGCF � YTKVG OGOQT[ QH C EQORWVGT KU RQRWNCTN[ MPQYP CU 4#/� +V KU CNUQ ECNNGF 4�9
OGOQT[� +PHQTOCVKQP ECP DG TGCF HTQO CPF YTKVVGP KPVQ KV FWTKPI PQTOCN QRGTCVKQP� +V JCU
TCPFQO CEEGUU RTQRGTV[� +V TGVCKPU UVQTGF KPHQTOCVKQP CU NQPI CU RQYGT UWRRN[ KU 10� KVU
EQPVGPVU CTG NQUV YJGP RQYGT UWRRN[ KU UYKVEJGF 1((� 5Q KV KU XQNCVKNG KP PCVWTG� 6JGTG CTG VYQ
MKPFU QH 4#/� 5VCVKE 4#/ CPF &[PCOKE 4#/� +P C 5VCVKE 4#/ 
54#/� VJG UVQTGF KPHQTOCVKQP
CTG TGVCKPGF KP KV CU NQPI CU VJG RQYGT UWRRN[ KU 10� $WV &[PCOKE 4#/ 
&4#/� NQUGU KVU
EQPVGPVU KP C XGT[ UJQTV VKOG GXGP VJQWIJ VJG RQYGT UWRRN[ KU 10� &4#/ UVQTGU FCVC KP VJG
ICVG VQ UQWTEG ECRCEKVQT QH C VTCPUKUVQT� &WG VQ NGCMCIG� EJCTIG QP UVTC[ ECRCEKVCPEG NGCMU
CYC[ CHVGT HGY OKNNKUGEQPFU� 5Q KV JCU TGHTGUJGF RGTKQFKECNN[ WUWCNN[ GXGT[ � /KNNKUGEQPF� &4#/
EQPUWOGU NGUU RQYGT CPF JCU JKIJGT RCEMCIKPI FGPUKV[ CPF EJGCRGT�

����D 54#/�

%QPUWOGU OQTG RQYGT CPF GZRGPUKXG DWV FQGU PQV TGSWKTG TGHTGUJKPI� +V KU HCUVGT VJCP &4#/�
%/15 UVCVKE 4#/OU CTG TGEQOOGPFGF HQT OGFKWO UK\G QT OGOQT[� &4#/OU CTG WUGF YJGTG
NCTIG UK\G QH OGOQT[ KU TGSWKTGF�

����E &4#/�

5VCPFU HQT KPVGITCVGF &4#/ CPF KVU EQPVTQN CPF TGHTGUJ EKTEWKVT[ KPVQ C UGRCTCVG +% MPQYP CU

&4#/ EQPVTQNNGT� 9KVJ CFXCPEG KP 8.5+ VGEJPQNQI[ PQY KV JCU DGEQOG RQUUKDNG VQ KPVGITCVG

&4#/ CPF KVU EQPVTQNNGT QP C UKPING EJKR�

56#6+%�4#/�
�����

�����:��

6JG +PVGN ���� KU C ���� DKV UVCVKE 4CPFQO #EEGUU /GOQT[ QTICPKUGF CU ���� YQTFU D[ � DKVU�



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

52

�����9QTF�Z���$KV�4#/�������������
*/�����2���

���� 41/�

41/ KU TGCF QPN[ OGOQT[ CPF PQP�XQNCVKNG� +V KU WUGF HQT RGTOCPGPV UVQTCIG� +V JCU CNUQ C

TCPFQO CEEGUU RTQRGTV[� +V EQPVCKPU CUUGODNGT� EQORKNGT� OQPKVQT� FGDWIIKPI RTQITCO QT CP[

QVJGT RGTOCPGPV RTQITCO� 41/OU CTG YKFGN[ WUGF HQT HWPEVKQP VCDNGU 
UKPG� EQUKPG� USWCTG TQQV�

NQICTKVJO� GZRQPGPVKCN GVE�� EQFG EQPXGTUKQP VCDNGU� OWNVKRNKECVKQP CPF FKXKUKQP UWDTQWVKPGU GVE�

6JG OCPWHCEVWTGT FGEKFGU VJG EQPVGPVU QH 41/� 6JGUG EQPVGPVU CTG RGTOCPGPVN[ UVQTGF KPVQ C

41/� KV KU PQV CEEGUUKDNG� 41/OU CTG UKORNG� %JGCR CPF FGPUG�

41/���
/%/����������6JKU KU ���- $KV 4GCF 1PN[ /GOQT[� +V KU QTICPKUGF CU ����� D[VGU QH
� DKVU� 6JKU FGXKEG JCU NQY 2QYGT FKUUKRCVKQP � YKFG QRGTCVKPI OCTIKPU� 6JG CEVKXG NQY NGXGN
GPCDNGU VJG EJKR CPF GPCDNGU VJG QWVRWV CNQPI YKVJ VJG OGOQT[ EQPVGPVU� 6JG EJKR GPCDNG KPRWV
FGUGNGEV VJG QWVRWV � RWVU VJG EJKR KP C RQYGT FQYP OQFG�
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���C 241/ � # 241/ KU RTQITCOOCDNG 41/� 6JG WUGT FGEKFGU VJG EQPVGPVU QH 241/� 6JG

WUGT ECP YTKVG RGTOCPGPV RTQITCO KP 241/ D[ 241/ RTQITCOOGT�

���D '241/ �� +P '241/ KU CP GTCUCDNG 241/� 'ZRQUKPI '241/ VQ JKIJ KPVGPUKV[ UJQTV

YCXG WNVTCXKQNGV NKIJV HQT �� VQ �� OKPWVGU GTCUGU VJG EQPVGPVU� #P 78 UQWTEG YKVJ YCXGNGPIVJU

QH ���� � # KU WUGF HQT VJKU RWTRQUG� '241/ CTG EJGCR� TGNKCDNG CPF YKFGN[ CXCKNCDNG�

78 'TCUCDNG 241/ 
����� �� 6JG +PVGN ���� KU CP ���� DKV WNVTCXKQNGV NKIJV GTCUCDNG CPF

GNGEVTKECNN[ TGRTQITCOOCDNG '241/ FCVC KPRWVU CPF QWVRWVU CTG 66. EQORCVKDNG DQVJ TGCF CPF

RTQITCOU OQFGU� 6JG #��#� CTG CFFTGUU KPRWVU� 1��1� CTG FCVC 1WVRWV�+PRWVU�

%5�9% CTG EJKR UGNGEV�YTKVG GPCDNG KPRWV�

78�'TCUCDNG�241/�
����� � 6JG +PVGN ���� KU ������ DKV WNVTCXKQNGV GTCUCDNG RTQITCOOCDNG

4GCF 1PN[ /GOQT[� 6JG ���� YKVJ KVU UKPING � XQNV RQYGT UWRRN[ � YKVJ CP CEEGUU VKOG WRVQ

��� PU�

2+0 0#/'5

#� � #� � #&&4'55 +02765

1� � 1� � &#6# 176276�+02765

%5
��
�9' � %*+2 5'.'%6�94+6' '0#$.' +�2
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'4#574'�%*#4#%6'4+56+%5� ��6JG GTCUWTG EJCTCEVGTKUVKEU QH VJG ���� CTG UWEJ VJCV

GTCUWTG DGIKPU VQ QEEWT YJGP GZRQUGF VQ NKIJV YKVJ YCXGNGPIVJU UJQTVGT VJCP CRRTQZKOCVGN[

���� #PIUVTQOU 
#�� +V UJQWNF DG PQVGF VJCV UWPNKIJV CPF EGTVCKP V[RGU QH HNWQTGUEGPV NCORU

JCXG YCXGNGPIVJU KP VJG ���������# TCPIG� &CVC UJQY VJCV EQPUVCPV GZRQUWTG VQ TQQO NGXGN

HNWQTGUEGPV NKIJVKPI EQWNF GTCUG VJG V[RKECN ���� KP CRRTQZKOCVGN[ � [GCTU� YJKNG KV YQWNF VCMG

CRRTQZKOCVGN[ � YGCM VQ ECWUG GTCUWTG YJGP GZRQUGF VQ FKTGEV UWPNKIJV�

+H VJG ���� CTG VQ DG GZRQUGF VQ VJGUG V[RGU QH NKIJVKPI EQPFKVKQPU HQT GZVGPFGF RGTKQFU QH VKOG�

QRCSWG NCDGNU UJQWNF DG RNCEGF QXGT VJG ���� YKPFQY VQ RTGXGPV WPKPVGPVKQPCN GTCUWTG�

6JG TGEQOOGPFGF GTCUWTG RTQEGFWTG HQT VJG ���� KU GZRQUWTG VQ UJQTV�YCXG WNVTCXKQNGV NKIJV

YJKEJ JCU C YCXGNGPIVJ QH ���� #PIUVTQOU 
#�� 6JG KPVGITCVGF FQGU 
K�G� 78 KPVGPUKV[ :

GZRQUWTG VKOG� HQT GTCUWTG UJQWNF DG C OKPKOWO QH �� 9�UGE��EO�� 6JG GTCUWTG VKOG YKVJ VJKU

FQUCIG KU CRRTQZKOCVGN[ �� VQ �� OKPWVGU WUKPI CP WNVTCXKQNGV NCOR YKVJ C ����� µ9�EO�

RQYGT TCVKPI� 6JG ���� UJQWNF DG RNCEGF YKVJKP � KPEJ QH VJG NCOR VWDGU FWTKPI GTCUWTG� 5QOG

NCORU JCXG C HKNVGT QP VJGKT VWDGU� YJKEJ UJQWNF DG TGOQXGF DGHQTG GTCUWTG�

&'8+%'�12'4#6+10 � 6JG HKXG OQFGU QH QRGTCVKQP QH VJG ���� CTG NKUVGF KP 6CDNG �� +6

UJQWNF DG PQVGF VJCV CNN KPRWVU HQT VJG HKXG OQFGU CTG CV 66. .GXGNU� 6JG RQYGT UWRRNKGU

TGSWKTGF CTG C�8 8EE CPF C 8 RR� 6JG 8 RR RQYGT UWRRN[ OWUV DG CV �� 8 FWTKPI VJG VJTGG

RTQITCOOKPI OQFGU� CPF OWUV DG CV �8 KP VJG QVJGT VYQ OQFGU�

6CDNG � /QFG 5GNGEVKQP

2KPU %'�2)/ 1' 8 22 8 %% 1WVRWVU

/QFG 
��� 
��� 
��� 
��� 
�����������

4GCF 8 +. 8 +. � � &176
5VCPFD[ 8 +* &QP	V %CTG � � *KIJ �
2TQITCO 2WNUGF 81. VQ 8+* 8 +J �� � &+0
2TQITCO 8GTKH[ 8 +. 8 +N �� � &176
2TQITCO +PJKDKV 8 +. 8 +* �� � *KIJ <

2+0 0#/'5

#� � #�� � #&&4'55 +02765

1� � 1� � &#6# 176276�+02765

%'�2)/ � %*+2 '0#$.'�241)4#//'

1'
��
� 176276 '0#$.'
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4'#&�/1&' � 6JG ���� JCU VYQ EQPVTQN HWPEVKQPU� DQVJ QH YJKEJ OWUV DG NQIKECNN[ UCVKUHKGF KP

QTFGT VQ QDVCKP FCVC CV VJG QWVRWVU� %JKR 'PCDNG 
%'� KU VJG RQYGT EQPVTQN CPF UJQWNF DG WUGF

HQT FGXKEG UGNGEVKQP� 1WVRWV 'PCDNG 
1'� KU VJG QWVRWV EQPVTQN CPF UJQWNF DG WUGF VQ ICVG FCVC

VQ VJG QWVRWV RKPU� KPFGRGPFGPV QH FGXKEG UGNGEVKQP� #UUWOKPI VJCV CFFTGUUGU CTG UVCDNG�
CFFTGUU CEEGUU VKOG 
V

#%%
� KU GSWCN VQ VJG FGNC[ HTQO %' VQ QWVRWV 
V

%'
�� &CVC KU CXCKNCDNG CV VJG

QWVRWVU ��� PU 
V
1'
� CHVGT VJG HCNNKPI GFIG QH 1'� CUUWOKPI VJCV %' JCU DGGP NQY CPF

CFFTGUUGU JCXG DGGP UVCDNG HQT CV NGCUV V
#%% �V 1'�

56#0&$;� /1&'� 6JG ���� JCXG C UVCPFD[ OQFG� YJKEJ TGFWEGU VJG CEVKXG RQYGT

FKUUKRCVKQP D[ ���� HTQO ��� O9 VQ ��� O9� 6JG ���� KU RNCEGF KP VJG UVCPFD[ OQFG D[

CRRN[KPI C 66. JKIJ UKIPCN VQ VJG %' KPRWV� 9JGP KP UVCPFD[ OQFG� VJG QWVRWVU CTG KP C JKIJ

KORGFCPEG UVCVG� KPFGRGPFGPV QH VJG 1' KPRWV�

241)4#//+0) � +PKVKCNN[� CPF CHVGT GCEJ GTCUWTG� CNN DKVU QH VJG ���� CTG KP VJG ��		 UVCVG�

&CVC KU KPVTQFWEGF D[ UGNGEVKXGN[ RTQITCOOKPI ��	U		 KPVQ VJG FGUKTGF DKV NQECVKQPU� #NVJQWIJ QPN[

��	U		 YKNN DG RTQITCOOGF� DQVJ ��	U		 CPF ��	U		 ECP DG RTGUGPVGF KP VJG FCVC YQTF� 6JG QPN[ YC[

VQ EJCPIG C ��		 VQ C ��		 KU D[ WNVTCXKQNGV NKIJV GTCUWTG�

6JG ���� KU KP VJG RTQITCOOKPI OQFG YJGP VJG 8RR RQYGT UWRRN[ KU CV ��8 CPF 1' KU CV 8
+*
�

6JG FCVC DG RTQITCOOGF KU CRRNKGF � DKVU KP RCTCNNGN VQ VJG FCVC QWVRWV RKPU� 6JG NGXGNU TGSWKTGF

HQT VJG CFFTGUU CPF FCVC KPRWVU CTG 66.�

9JGP VJG CFFTGUU CPF FCVC CTG UVCDNG� C �� OUGE� CEVKXG JKIJ� 66. RTQITCO RWNUG KU CRRNKGF VQ

VJG %'�2)/ KPRWV� # RTQITCO RWNUG OWUV DG CRRNKGF CV GCEJ CFFTGUU NQECVKQP VQ DG

RTQITCOOGF� ;QW ECP RTQITCO CP[ NQECVKQP CV CP[ VKOG GKVJGT KPFKXKFWCNN[� UGSWGPVKCNN[� QT CV

TCPFQO� 6JG RTQITCO RWNUG JCU C OCZKOWO YKFVJ QH �� OUGE� 6JG ���� OWUV PQV DG

RTQITCOOGF YKVJ C &% UKIPCN CRRNKGF VQ VJG %'�2)/ KPRWV�

2TQITCOOKPI QH OWNVKRNG ����U KP RCTCNNGN YKVJ VJG UCOG FCVC ECP DG GCUKN[ CEEQORNKUJGF FWG

VQ VJG UKORNKEKV[ QH VJG RTQITCOOKPI TGSWKTGOGPVU� .KMG KPRWVU QH VJG RCTCNNGN ����U OC[ DG

EQPPGEVGF VQIGVJGT YJGP VJG[ CTG RTQITCOOGF YKVJ VJG UCOG FCVC� # JKIJ NGXGN 66. RWNUG

CRRNKGF VQ VJG %'�2)/ KPRWV RTQITCOU VJG RCTCNNGNGF ����U�

241)4#/� +0*+$+6 � 2TQITCOOKPI QH OWNVKRNG ����U KP RCTCNNGN YKVJ FKHHGTGPV FCVC KU CNUQ

GCUKN[ CEEQORNKUJGF� 'ZEGRV HQT %'�2)/� CNN NKMG KPRWVU 
KPENWFKPI 1'� QH VJG RCTCNNGN ����U
OC[ DG EQOOQP� # 66. NGXGN RTQITCO RWNUG CRRNKGF VQ C ����C %'�2)/ KPRWV YKVJ 8

22
CV ��8

YKNN RTQITCO VJCV ����� # NQY NGXGN %'�2)/ KPRWV KPJKDKVU VJG QVJGT ���� HTQO DGKPI

RTQITCOOGF�

241)4#/�8'4+(; � # XGTKH[ UJQWNF DG RGTHQTOGF QP VJG RTQITCOOGF DKVU VQ FGVGTOKPG VJCV
VJG[ YGTG EQTTGEVN[ RTQITCOOGF� 6JG XGTKH[ OC[ DG RGTHQTOGF YKVJ 8

22
CV ��8� 'ZEGRV FWTKPI

RTQITCOOKPI CPF RTQITCO XGTKH[� 8
22

OWUV DG CV �8�
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���E '��241/ � '�241/U 
''241/U� CTG 'NGEVTKECNN[ GTCUCDNG 241/� 6JG[ PGGF PQV DG

TGOQXGF HTQO OKETQEQORWVGT DQCTF HQT GTCUKPI� 6JG EJCPIG KP EQPVGPVU KU OCFG KP

OKNNKUGEQPFU YJKEJ KU OWEJ NGUU VJCP VJG GTCUKPI VKOG QH CP '241/� # V[RKECN VKOG KU �� OU HQT

/QVQTQNC ����� #DQWV �� OU CTG TGSWKTGF VQ YTKVG GCEJ D[VG QH FCVC KPVQ VJG FGXKEG� +H TGSWKTGF

UKPING DKV ECP CNUQ DG GTCUGF� '�241/ KU OWEJ GCUKGT RTQITCOOCDNG CU EQORCTGF VQ '241/�

0QP�XQNCVKNG HNCUJ OGOQT[� 6JGTG CTG CNUQ GNGEVTKECNN[ GTCUCDNG CPF TGRTQITCOOCDNG PQP�

XQNCVKNG�

��� /CKP�OGOQT[���5GEQPFCT[�OGOQT[

6JG OGOQT[ QH EQORWVGT KU QH VYQ V[RGU�

K� /CKP /GOQT[

KK� 5GEQPFCT[ /GOQT[

K� /CKP /GOQT[ � /CKP OGOQT[ EQPUKUVU QH UGOKEQPFWEVQT OGOQTKGU YJKEJ JCU XGT[ HCUV

CEEGUU VKOG� #PF KP VJGUG V[RGU QH OGOQT[ 4#/� 41/� '241/ CTG KPENWFGF� 9JGP [QW VWTP

10 VJG %27 U[UVGO� %27 YKNN DG IWKFGF D[ RTQITCO UVQTGF KP OCKP OGOQT[� %27 YKNN VCMG

FGEKUKQP CEEQTFKPIN[� 6JKU OGOQT[ KU PQV WUGT	U OGOQT[�

KK� 5GEQPFCT[ OGOQT[ � 5GEQPFCT[ OGOQT[ JCU UNQY CEEGUU VKOG� 6JKU KU WUGT	U OGOQT[� +P

VJGUG V[RG QH OGOQTKGU EQPUKUVU QH HNQRR[ FKUMGVVG� /CIPGVKE VCRG� GVE� %27 YKNN TGCF VJG KPFGZ

RQKPV QH UWEJ OGOQTKGU CPF RTQEGGF HWTVJGT CEEQTFKPI VQ EQOOCPF� 6JG FTKXGT KU TGSWKTGF HQT

UGEQPFCT[ OGOQT[�

6#$.' � � %QOOQP 41/ %JKRU

+% 6[RG 14)#0+5#6+10

����� 41/ ��� : �

���� 241/ �M Z �

��5��� 241/ �� Z �

/- ����� 41/ �M Z �

���� '241/ �M Z �

���� '241/ �M Z �

���� '241/ �M Z �
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6#$.'���%QOOQP�41/�%JKRU

+% 6[RG 14)#0+5#6+10

���� '241/ �M Z �

����� '241/ ��M Z �

����� '241/ ��M Z �

���� '241/ �M Z �

���� '#41/ �M Z �

��5��� 54#/ �M Z �

���� 54#/ �M Z �

���� 54#/ ��� Z �

���� 54#/ �M Z �

���� 54#/ ��M Z �

���� &4#/ �M Z �

���� &4#/ �M Z �

���� &4#/ ��M Z �

���� &4#/ ��M Z �

���� &4#/ �M Z �

���� &4#/ �M Z �

���� &4#/ ��M Z �

���� &4#/ ��M Z �

���� &4#/ ��M Z �

���� &4#/ ��M Z �

���� 54#/ �M Z �

���� 54#/ �M Z �

���� 54#/ �M Z �

���� 54#/ �M Z �

���� 54#/ �- Z �

���� 54#/ �M Z �

���� # &4#/ �M Z �

����� &4#/ ���M Z �
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Review Questions

�� 9JCV YQWNF DG UVTWEVWTG QH DKPCT[ CFFTGUU HQT C OGOQT[ U[UVGO JCXKPI C

ECRCEKV[ QH ���� DKVU !

�� &GVGTOKPG JQY OCP[ CFFTGUU NKPGU CTG TGSWKTGF HQT OGOQT[ VJCV JCU HQNNQYKPI

PWODGT QH DKVU�

C� ���� D� ���� E� ��� F� �����

�� 'ZRNCKP YJ[ '241/ KU QT PQV C XQNCVKNG OGOQT[�

�� 'ZRNCKP &KHHGTGPEG DGVYGGP '241/ � C 241/�

�� %QORNGVG VJG HQNNQYKPI VCDNG�

/GOQT[ UK\G 6[RG QH FGXKEG 0Q� QH TQYU 0Q� QH EQNWOPU

�M Z � �M Z �

��M Z � ��M Z �

�M Z �� �M Z �

�/ Z �� ��M Z �

� *QY OCP[ $QQNGCP HWPEVKQP ECP DG KORNGOGPVGF D[ C UKPING �M Z � 41/ CPF YJCV

CTG TGUVTKEVKQP QP KPRWV XCTKCDNGU QH VJGUG HWPEVKQPU�

�� # U[UVGO WUGU HQWT �M D[VGU 41/ &GUKIP CP CFFTGUU FGEQFGT D[ WUKPI C ��.5

��� � QVJGT ICVGU PGEGUUCT[� CUUWOKPI �� DKV CFFTGUU DWU�

�� 9JCV KU VJG MG[ FKHHGTGPEG DGVYGGP UVCVKE � F[PCOKE 4#/ ! 9JGP KU F[PCOKE

4#/ RTGHGTCDNG ! 9JCV CTG FKUCFXCPVCIGU !

�� #TG CP[ JCTFYCTG EJCPIGU TGSWKTGF VQ WUG ''241/ KP FGUKIP ! &Q VJG[ CHHGEV

UQHVYCTG TGSWKTGOGPVU ! 9JCV CTG VJG NKOKVCVKQPU !
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%JCRVGT�(KXG

+0641&7%6+10�61
/+%41241%'55145

(GCVWTGU �

��� +PVTQFWEVKQP

��� /KETQ EQORWVGT QTICPKUCVKQP

��� %QORWVGT .CPIWCIG � /CEJKPG .CPIWCIG

��� #TEJKVGEVWTG QH � DKV IGPGTKE OKETQRTQEGUUQT

��� 5QOG #FXCPEG 2TQEGUUQT CPF %QPVTQNNGTU

C� +#2: ������ 
/KETQ RTQEGUUQT�

D� ����� 
0WOGTKE RTQEGUUQT�

E� ����� 
%NQEM IGPGTCVQT�

F� ����� 
$WU EQPVTQNNGT��
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��� +0641&7%6+10

6JG JKUVQT[ QH CVVGORVU VQ OCMG OCEJKPG VJCV EQWNF RGTHQTO NQPI UGSWGPEGU QH ECNEWNCVKQP VJG
OCEJKPG FGUKIPGF D[ $CDDCIG WUGF ECTFDQCTF� %CTFU YKVJ JQNGU RWPEJGF KP VJGO VQ KPVTQFWEG
DQVJ KPUVTWEVKQPU CPF FCVC KPVQ OCEJKPG� $[ VJG ����	U RWPEJGF ECTFU YGTG KP YKFG WUG KP NCTIG
DWUKPGUU CPF XCTKQWU V[RGU QH RWPEJGF ECTF JCPFNKPI OCEJKPGU YGTG CXCKNCDNG� +P ����
*CTYCTF #KMGP� CV *CXXCTF� RTQRQUGF VQ +$/ VJCV C OCEJKPG EQWNF DG EQPUVTWEVGF YJKEJ YQWNF
CWVQOCVKECNN[ UGSWGPEG VJG QRGTCVKQPU CPF ECNEWNCVKQPU RGTHQTOGF�

$[ ���� VJKTF IGPGTCVKQP QH EQORWVGTU YCU KPVTQFWEGF 
VJG +$/ EQTRQTCVKQP� RTGUGPV FC[
EQORWVGTU CTG NGUU GCUKN[ FKUVKPIWKUJGF HTQO GCTNKGT IGPGTCVKQPU� 6JGTG CTG UQOG UVTKMKPI CPF
KORQTVCPV FKHHGTGPEGU� JQYGXGT� 8QNWOG QH UECNG KPVGITCVKQP KPETGCUGU� 6Q KPEQTRQTCVG JWPFTGF
QH VJQWUCPFU QH CEVKXG EQORQPGPVU KP XQNWOG QH HTCEVKQP QH CP KPEJ� NGCFKPI VQ YJCV KU ECNNGF
NCTIG UECNG KPVGITCVKQP 
.5+� CPF XGT[ NCTIG UECNG KPVGITCVKQP 
8.5+�

&KIKVCN %QORWVGT � # FKIKVCN EQORWVGT KU C RTQITCOOCDNG OCEJKPG VJCV RTQEGUUGU QT FQGU
ECNEWNCVKQPU KP DKPCT[ FCVC 
����� 6TCFKVKQPCNN[ KV KU TGRTGUGPVGF D[ HQWT EQORQPGPVU� %27 
#.7
RNWU EQPVTQN WPKV�� OGOQT[� KPRWV CPF QWVRWV� #PCNQI 5[UVGOU RTQEGUU FCVC KP EQPVKPWQWU
XCTKCVKQPU�

&KIKVCN 5[UVGOU JCXG VJG HQNNQYKPI CFXCPVCIGU QXGT #PCNQI U[UVGO
� 5VQTCIG QT VTCPUOKUUKQP QH FCVC YKVJQWV FGVGTKQTCVKQP
� +ORTQXGF TGUQNWVKQP
� 1RGTCVKQP KU EQORNGVGN[ TGNKCDNG CPF VTQWDNG HTGG�

���� /+%41%1/276'4 14)#0+5#6+10

# OKETQEQORWVGT U[UVGO EQPUKUVU RTKOCTKN[ QH HQWT EQORQPGPVU�

�� /KETQRTQEGUUQT ��/GOQT[ �� +PRWV �� 1WVRWV

          CONTROL UNIT

                              CPU    
              INPUT                    OUTPUT
                   UNIT                 ARITHMETIC  UNIT

                LOGIC UNIT

   RAM                        ROM

DISPLAY

(KI� ���� $NQEM &KCITCO QH C /KETQ %QORWVGT
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6JG OKETQRTQEGUUQT OCPKRWNCVGU VJG FCVC� EQPVTQNU VKOKPI QH XCTKQWU QRGTCVKQPU CPF
EQOOWPKECVGU YKVJ UWEJ RGTKRJGTCNU CU OGOQT[ CPF +�1� 6JG KPVGTPCN NQIKE FGUKIP QH VJG
OKETQRTQEGUUQT� ECNNGF KVU CTEJKVGEVWTG� FGVGTOKPGU JQY CPF YJCV QRGTCVKQPU CTG RGTHQTOGF D[

VJG µ2�

/KETQRTQEGUUQT KU ECRCDNG QH RGTHQTOKPI EQORWVGT HWPEVKQPU CPF OCMKPI FGEKUKQPU VQ EJCPIG
VJG UGSWGPEG QH RTQITCO GZGEWVKQP� +P UKORNG VGTOU %27 QP C EJKR KU ECNNGF /KETQRTQEGUUQT� +V
EQPUKUVU QH VJG HQNNQYKPI EQORQPGPVU�

�� 4GIKUVGTU VQ UVQTG FCVC�
�� #.7 HQT CTKVJOGVKE CPF NQIKE QRGTCVKQPU�
�� &GEQFGTU VQ FGEQFG KPUVTWEVKQPU�
�� %QWPVGTU VQ JCXG UGSWGPVKCN FCVC HNQY
�� %QPVTQN WPKVU HQT VKOKPI VJG EQOOWPKECVKQP RTQEGUU YKVJ XCTKQWU FGXKEGU UWEJ CU

OGOQT[� KPRWV � QWVRWV�

4GIKUVGT UVQTGU QPG DKV QH KPHQTOCVKQP� /GOQT[ KU CP CTTC[ QH TGIKUVGTU� 6JGUG CTTC[U CTG CNYC[U

ITQWRGF KP RQYGTU QH VYQ� +PRWV FGXKEGU CNNQY VJG GPVT[ QH FCVC VQ µ2� OQUV YKFGN[ WUGF KU VJG
MG[DQCTF� 6JG TGUWNV ECP DG FKURNC[GF KP UGXGTCN YC[U UWEJ CU UGXGP UGIOGPVU .'&OU� .%&	U
QT RTKPVGF D[ RTKPVGT� 6JG +�1 FGXKEGU CTG MPQYP CU RGTKRJGTCNU�

/GOQT[ KU QH VYQ V[RGU�

� 4GCF QPN[ OGOQT[ 
41/� �
� 4GCF YTKVG OGOQT[
4�9/� RQRWNCTN[ MPQYP CU 4CPFQO CEEGUU OGOQT[ 
4#/��

41/ KU WUGF VQ UVQTG RTQITCOU VJCV PGGF PQ CNVGTCVKQP� 6JG OQPKVQT RTQITCO QH C UKPING DQCTF
OKETQEQORWVGT KU IGPGTCNN[ UVQTGF KP 41/� 6JKU RTQITCO KPVGTRTGVU VJG KPHQTOCVKQP GPVGTGF

VJTQWIJ C MG[DQCTF CPF RTQXKFGU KVU GSWKXCNGPV VQ VJG µ2�

49�/ KU CNUQ MPQYP CU WUGT OGOQT[� +V KU WUGF VQ UVQTG WUGT RTQITCO � FCVC� KP UKPING DQCTF
OKETQEQORWVGTU KP YJKEJ KPUVTWEVKQPU CPF FCVC CTG GPVGTGF VJTQWIJ C MG[DQCTF�

6JG U[UVGO DWU KU C EQOOWPKECVKQP RCVJ DGVYGGP VJG OKETQRTQEGUUQT CPF RGTKRJGTCNU� KV KU C
ITQWR QH YKTGU ECTT[KPI DKVU� 6JKU KU VKOG UJCTGF VQ EQOOWPKECVG YKVJ XCTKQWU RGTKRJGTCNU� +V KU
KORQTVCPV VQ MPQY EGTVCKP FGHKPKVKQPU HQT VJG RTQRGT WPFGTUVCPFKPI QH VJG OKETQRTQEGUUQT�

• $KV KU C DKPCT[ FKIKV� � QT ��

• $[VG KU FGHKPGF CU VJG ITQWR QH � DKVU

• 0KDDNG UVCPFU HQT C ITQWR QH � DKVU�

• 9QTF QT YQTF NGPIVJ KU FGHKPGF CU VJG PWODGT QH DKVU EQORWVGT TGEQIPKUGU CPF
RTQEGUUGU CV C VKOG�

• +PUVTWEVKQP KU C EQOOCPF KP DKPCT[ VJCV KU TGEQIPKUGF CPF GZGEWVGF D[ VJG EQORWVGT KP
QTFGT VQ CEEQORNKUJ C VCUM� 5QOG KPUVTWEVKQPU CTG FGUKIPGF YKVJ QPG YQTF� CPF UQOG
TGSWKTG OWNVKRNG YQTFU�
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• /CEJKPG .CPIWCIG KU C DKPCT[ OGFKWO QH C EQOOWPKECVKQP YKVJ C EQORWVGT� VJTQWIJ C
FGUKIPGF UGV QH KPUVTWEVKQPU URGEKHKE VQ GCEJ EQORWVGT�

• #UUGODN[ .CPIWCIG KU C OGFKWO QH EQOOWPKECVKQP YKVJ C EQORWVGT KP YJKEJ RTQITCOU
CTG YTKVVGP KP OPGOQPKEU 
EQODKPCVKQP QH NGVVGTU�� +V KU URGEKHKE VQ C IKXGP EQORWVGT�

• .QY .GXGN .CPIWCIG KU C OGFKWO QH EQOOWPKECVKQP VJCV KU OCEJKPG FGRGPFGPV� YJKEJ KU
URGEKHKE VQ C IKXGP EQORWVGT� (QT G�I� /CEJKPG CPF CUUGODN[ NCPIWCIG�

• *KIJ .GXGN .CPIWCIG KU C OGFKWO QH EQOOWPKECVKQP VJCV KU KPFGRGPFGPV QH C IKXGP
EQORWVGT� 2TQITCOU CTG YTKVVGP KP 'PINKUJ NKMG YQTFU CPF VJG[ ECP DG GZGEWVGF QP C
OCEJKPG WUKPI C VTCPUNCVQT 
C EQORKNGT QT CP KPVGTRTGVGT�

• %QORKNGT KU C RTQITCO VJCV VTCPUNCVGU 'PINKUJ NKMG YQTFU QH JKIJ NGXGN NCPIWCIG KPVQ
OCEJKPG NCPIWCIG QH VJG EQORWVGT� # EQORKNGT TGCFU C IKXGP RTQITCO� ECNNGF C UQWTEG
EQFG� KP KVU GPVKTGV[� CPF VJGP VTCPUNCVGU VJG RTQITCO KPVQ VJG OCEJKPG NCPIWCIG� YJKEJ
KU ECNNGF CP QDLGEV EQFG�

• +PVGTRTGVGT KU C RTQITCO VJCV VTCPUNCVGU VJG 'PINKUJ NKMG UVCVGOGPVU QH JKIJ NGXGN
NCPIWCIG KPVQ OCEJKPG NCPIWCIG QH VJG EQORWVGT� +V VTCPUNCVGU QPG UVCVGOGPV CV C VKOG
HQTO C UQWTEG EQFG VQ CP QDLGEV EQFG�

• #UUGODNGT KU C EQORWVGT RTQITCO VJCV VTCPUNCVGU CP CUUGODN[ NCPIWCIG RTQITCO HTQO
OPGOQPKEU VQ VJG DKPCT[ OCEJKPG EQFG QH C EQORWVGT�

6JG #.7 GZGEWVGU CNN CTKVJOGVKE CPF VJG NQIKE KPUVTWEVKQPU� (QT GZCORNG� VJG CTKVJOGVKE CFFKVKQP
CPF NQIKECN #0& QRGTCVKQPU YKNN DG RGTHQTOGF D[ VJG #.7� +PUVTWEVKQPU CTG OCFG WR QH QPG YQTF
QT UGXGTCN YQTFU� 6JG UGV QH KPUVTWEVKQPU FGUKIPGF KPVQ VJG OCEJKPG OCMGU WR KVU OCEJKPG
NCPIWCIG� C DKPCT[ NCPIWCIG� EQORQUGF QH �OU � �OU VJCV KU URGEKHKE VQ GCEJ EQORWVGT� #
RTQITCO KU C UGSWGPEG QH KPUVTWEVKQPU VJCV QRGTCVG QP FCVC VQ RTQFWEG FGUKTGF TGUWNVU� #
OKETQRTQEGUUQT PGGFU VQ DG RTQITCOOGF DGHQTG KV ECP RGTHQTO C WUGHWN VCUM� #P GZCORNG QH C
UKORNG VCUM KU EQORCTKPI VYQ PWODGTU CPF RTKPVKPI QWV VJG ITGCVGT QH VYQ� 6JG RTQITCO� YTKVVGP
VQ RGTHQTO C RCTVKEWNCT VCUM� KU UVQTGF KP VJG UGOKEQPFWEVQT OGOQT[ CEEGUUKDNG VQ VJG
OKETQRTQEGUUQT� 6JG RTQEGUUQT� JCXKPI DGGP KPUVTWEVGF VQ GZGEWVG VJG RTQITCO� HGVEJGU QPG
KPUVTWEVKQP CV C VKOG HTQO VJG OGOQT[ CPF GZGEWVGU KV�

���� %QORWVGT .CPIWCIG � /CEJKPG .CPIWCIG�

+PUVTWEVKQPU CTG OCFG WR QH QPG YQTF QT UGXGTCN YQTFU� 6JG UGV QH KPUVTWEVKQPU FGUKIPGF KPVQ VJG
OCEJKPG OCMGU WR KVU OCEJKPG NCPIWCIG� C DKPCT[ NCPIWCIG� EQORQUGF QH �OU CPF �OU VJCV KU
URGEKHKE VQ GCEJ EQORWVGT�

+V KU FKHHKEWNV VQ JCPFNG C RTQITCO YTKVVGP KP DKPCT[� JGPEG WUG QH JGZCFGEKOCN PWODGTU KU OCFG�
(QT GZCORNG CP KPUVTWEVKQP ���� ���� YJKEJ KPETGOGPVU VJG PWODGT KP VJG TGIKUVGT ECNNGF VJG
CEEWOWNCVQT D[ QPG ECP CNUQ DG YTKVVGP CU �% KP JGZCFGEKOCN EQFG�

+V KU UVKNN FKHHKEWNV VQ WPFGTUVCPF C RTQITCO YTKVVGP KP JGZCFGEKOCN PWODGTU� *GPEG C U[ODQNKE
EQFG KU WUGF VQ TGRTGUGPV GCEJ KPUVTWEVKQP ECNNGF CUUGODN[ NCPIWCIG� /CEJKPG NCPIWCIG �
CUUGODN[ NCPIWCIG CTG OCEJKPG URGEKHKE CPF CTG ECNNGF NQY NGXGN NCPIWCIG� 6JG VTCPUNCVKQP
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HTQO CUUGODN[ VQ OCEJKPG NCPIWCIG KU FQPG GKVJGT D[ JCPF CUUGODN[ QT D[ C RTQITCO ECNNGF
CUUGODNGT�

2TQITCOOKPI NCPIWCIG VJCV CTG KPVGPFGF VQ DG OCEJKPG KPFGRGPFGPV CTG ECNNGF JKIJ NGXGN
NCPIWCIGU� 6JGUG KPENWFG UWEJ NCPIWCIGU CU (1464#0� $#5+%� 2#5%#.� %1$1.�
+PUVTWEVKQPU YTKVVGP KP VJGUG NCPIWCIGU CTG MPQYP CU UVCVGOGPVU� 2TQITCO YTKVVGP KP JKIJ�NGXGN
NCPIWCIG UVCVGOGPVU KU ECNNGF UQWTEG EQFG� 5QWTEG EQFG KU EQPXGTVGF KPVQ OCEJKPG NCPIWCIG
EQORCVKDNG YKVJ VJG /2 DGKPI WUGF KP VJG U[UVGO� 6JKU VTCPUNCVKQP KP VJG OCEJKPG NCPIWCIG KU
ECNNGF VJG QDLGEV EQFG� 'CEJ OKETQRTQEGUUQT PGGFU KVU QYP RTKOCT[ FKHHGTGPEG DGVYGGP C
EQORKNGT CPF CP KPVGTRTGVGT NKGU GPVKTG RTQITCO NKUV CPF VJGP IGPGTCVGU VJG QDLGEV EQFG� QP VJG
QVJGT JCPF VJG KPVGTRTGVGT TGCFU QPG KPUVTWEVKQP CV C VKOG� RTQFWEGU KVU QDLGEV EQFG CPF
GZGEWVGU VJG KPUVTWEVKQPU DGHQTG TGCFKPI VJG PGZV KPUVTWEVKQP� /�DCUKE KU VJG EQOOQP GZCORNG
QH CP KPVGTRTGVGT HQT VJG DCUKE NCPIWCIG�

%QORKNGT CPF KPVGTRTGVGTU TGSWKTG NCTIG OGOQT[ URCEG DGECWUG GCEJ KPUVTWEVKQP KP JKIJ NGXGN
NCPIWCIG TGSWKTGU UGXGTCN OCEJKPG EQFGU VQ VTCPUNCVG KV KPVQ DKPCT[� 1P VJG QVJGT JCPF VJGTG KU
QPG VQ QPG EQTTGURQPFGPEG DGVYGGP VJG CUUGODN[ NCPIWCIG CPF VJG OCEJKPG EQFG� 6JWU�
CUUGODN[ NCPIWCIG KU EQORCEV CPF TGSWKTGU NGUU OGOQT[ URCEG� *GPEG KV KU OQTG GHHKEKGPV VJCP
VJG JKIJ NGXGN NCPIWCIG�

6JG RTKOCT[ CFXCPVCIG QH VJG JKIJ�NGXGN NCPIWCIG RTQITCO KU KP VTQWDNG UJQQVKPI� +V KU OWEJ
GCUKGT VQ HKPF GTTQTU KP C RTQITCO YTKVVGP KP C JKIJ NGXGN NCPIWCIG� +P EGTVCKP CRRNKECVKQPU UWEJ
CU VTCHHKE EQPVTQN CPF CRRNKCPEG EQPVTQN� YJGTG RTQITCOU CTG UOCNN CPF EQORCEV� CUUGODN[
NCPIWCIG KU UWKVCDNG� 5KOKNCTN[� KP TGCN VKOG CRRNKECVKQPU CU EQPXGTVKPI C JKIJ HTGSWGPE[
YCXGHQTO KPVQ FKIKVCN FCVC� RTQITCO GHHKEKGPE[ KU ETKVKECN CU GXGPVU CPF VKOG UJQWNF ENQUGN[
OCVEJ GCEJ QVJGT YKVJQWV UKIPKHKECPV FGNC[� VJGTGHQTG CUUGODN[ NCPIWCIG KU JKIJN[ FGUKTCDNG KP
UWEJ CRRNKECVKQPU� 1P VJG QVJGT JCPF HQT CRRNKECVKQPU KP YJKEJ RTQITCOU CTG NCTIG CPF OGOQT[
KU PQV C NKOKVCVKQP� JKIJ NGXGN NCPIWCIG OC[ DG FGUKTCDNG� 6JG CFXCPVCIG QH VKOG UCXGF KP C NCTIG
RTQITCO KP JKIJ�NGXGN NCPIWCIG OC[ QWV YGKIJ KVU FKUCFXCPVCIGU QH OGOQT[ TGSWKTGOGPVU CPF
KPGHHKEKGPE[�

���� 6*'�#4%*+6'%674'�1(���$+6�)'0'4+%�%27�

# V[RKECN EGPVTCN RTQEGUUQT WPKV 
%27� EQPUKUVU QH VJG HQNNQYKPI KPVGTEQPPGEVGF HWPEVKQPCN WPKVU�

• 4GIKUVGT

• #TKVJOGVKE�.QIKE 7PKV 
#.7�

• %QPVTQN %KTEWKVT[

4GIKUVGTU CTG VGORQTCT[ UVQTCIG WPKVU YKVJKP VJG %27� 5QOG TGIKUVGTU� UWEJ CU VJG RTQITCO
EQWPVGT CPF KPUVTWEVKQP TGIKUVGT� JCXG FGFKECVGF WUGU� 1VJGT TGIKUVGTU� UWEJ CU VJG
CEEWOWNCVQT� CTG HQT OQTG IGPGTCN�RWTRQUG WUG�

#%%7/7.#614 � 6JG CEEWOWNCVQT WUWCNN[ UVQTGU QPG QH VJG QRGTCPFU VQ DG OCPKRWNCVGF D[
VJG #.7� 6[RKECN KPUVTWEVKQP OKIJV FKTGEV VJG #.7 VQ CFF VJG EQPVGPVU QH UQOG QVJGT TGIKUVGT VQ
VJG EQPVGPVU QH VJG CEEWOWNCVQT CPF UVQTG VJG TGUWNV KP VJG CEEWOWNCVQT KVUGNH� +P IGPGTCN� VJG
CEEWOWNCVQT KU DQVJ C UQWTEG 
QRGTCPF� CPF C FGUVKPCVKQP 
TGUWNV� TGIKUVGT�

1VJGT C %27 YKNN KPENWFG C PWODGT QH CFFKVKQPCN IGPGTCN�RWTRQUG TGIKUVGTU VJCV ECP DG WUGF VQ
UVQTG QRGTCPFU QT KPVGTOGFKCVG FCVC� 6JG CXCKNCDKNKV[ QH IGPGTCN�RWTRQUG TGIKUVGTU GNKOKPCVGU
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VJG PGGF VQ �UJWHHNG� KPVGTOGFKCVG TGUWNVU DCEM CPF HQTVJ DGVYGGP OGOQT[ CPF VJG CEEWOWNCVQT�
VJWU KORTQXKPI RTQEGUUKPI URGGF CPF GHHKEKGPE[�

241)4#/ %1706'4 
,7/25� 57$4176+0'5 #0& 6*' 56#%-� � 6JG KPUVTWEVKQPU VJCV
OCMG WR C RTQITCO CTG UVQTGF KP VJG U[UVGO	U OGOQT[� 6JG EGPVTCN RTQEGUUQT TGHGTGPEGU VJG
EQPVGPVU QH OGOQT[� KP QTFGT VQ FGVGTOKPG YJCV CEVKQP KU CRRTQRTKCVG� 6JKU OGCPU VJCV VJG
RTQEGUUQT OWUV MPQY YJKEJ NQECVKQP EQPVCKPU VJG PGZV KPUVTWEVKQP�

'CEJ QH VJG NQECVKQPU KP OGOQT[ KU PWODGTGF� VQ FKUVKPIWKUJ KV HTQO CNN QVJGT NQECVKQPU KP
OGOQT[� 6JG PWODGT� YJKEJ KFGPVKHKGU C OGOQT[ NQECVKQP� KU ECNNGF KVU #FFTGUU� 6JG RTQEGUUQT
OCKPVCKPU C EQWPVGT� YJKEJ EQPVCKPU VJG CFFTGUU QH VJG PGZV RTQITCO KPUVTWEVKQP� 6JKU TGIKUVGT
KU ECNNGF VJG 2TQITCO %QORWVGT� 6JG RTQEGUUQT WRFCVGU VJG RTQITCO EQWPVGT D[ CFFKPI ��� VQ
VJG EQWPVGT GCEJ VKOG KV HGVEJGU CPF KPUVTWEVKQP� UQ VJCV VJG RTQITCO EQWPVGT KU CNYC[U EWTTGPV

RQKPVKPI VQ VJG PGZV KPUVTWEVKQP��

6JG RTQITCOOGT VJGTGHQTG UVQTGU JKU KPUVTWEVKQP KP PWOGTKECNN[ CFLCEGPV CFFTGUUGU� UQ VJCV VJG
NQYGT CFFTGUUGU EQPVCKP VJG HKTUV KPUVTWEVKQP VQ DG GZGEWVGF CPF VJG JKIJGT CFFTGUU EQPVCKPU
NCVGT KPUVTWEVKQPU� 6JG QPN[ VKOG VJG RTQITCOOGT OC[ XKQNCVG VJKU UGSWGPVKCN TWNG KU YJGP CP
KPUVTWEVKQP KP QPG UGEVKQP QH OGOQT[ KU C LWOR KPUVTWEVKQP VQ CPQVJGT UGEVKQP QH OGOQT[�

# LWOR KPUVTWEVKQP EQPVCKPU VJG CFFTGUU QH VJG KPUVTWEVKQP� YJKEJ KU VQ HQNNQY KV� 6JG PGZV
KPUVTWEVKQP OC[ DG UVQTGF KP CP[ OGOQT[ NQECVKQP� CU NQPI CU VJG RTQITCOOGF LWORU URGEKHKGU
VJG EQTTGEV CFFTGUU� &WTKPI VJG GZGEWVKQP QH C LWOR KPUVTWEVKQP� VJG RTQEGUUQT TGRNCEGU VJG
EQPVGPVU VQ KVU RTQITCO EQWPVGT YKVJ VJG CFFTGUU GODQFKGF KP VJG LWOR� 6JWU� VJG NQIKECN
EQPVKPWKV[ QH VJG RTQITCO KP OCKPVCKPGF�

# URGEKCN MKPF QH RTQITCO LWOR QEEWTU YJGP VJG UVQTGF RTQITCO �%CNNU� C UWDTQWVKPG� +P VJKU
MKPF QH LWOR� VJG RTQEGUUQT KU TGSWKTGF �TGOGODGT� VJG EQPVGPVU QH RTQITCO EQWPVGT CV VJG VKOG
VJCV VJG LWOR QEEWTU� 6JKU GPCDNGU VJG RTQEGUUQT VQ TGUWOG GZGEWVKQP QH VJG OCKP RTQITCO
YJGP KV KU HKPKUJGF YKVJ VJG NCUV KPUVTWEVKQP QH VJG UWDTQWVKPG�

# 5WDTQWVKPG KU C RTQITCO YKVJKP C RTQITCO� 7UWCNN[ KV KU C IGPGTCN�RWTRQUG UGV QH KPUVTWEVKQP
VJCV OWUV DG GZGEWVGF TGRGCVGFN[ KP VJG EQWTUG QH C OCKP RTQITCO� 4QWVKPGU� YJKEJ ECNEWNCVG
VJG USWCTG� VJG UKPG� QT VJG NQICTKVJO QH C RTQITCO XCTKCDNG� CTG IQQF GZCORNGU QH HWPEVKQPU
QHVGP YTKVVGP CU UWDTQWVKPGU� 1VJGT GZCORNGU OKIJV DG RTQITCOU FGUKIPGF HQT KPRWVVKPI QT
QWVRWVVKPI FCVC VQ C RCTVKEWNCT RGTKRJGTCN FGXKEG�

6JG RTQEGUUQT JCU C URGEKCN YC[ QH JCPFNKPI UWDTQWVKPGU� KP QTFGT VQ KPUWTG CP QTFGTN[ TGVWTP VQ
VJG OCKP RTQITCO� 9JGP VJG RTQEGUUQT TGEGKXGU C ECNN KPUVTWEVKQP� KV KPETGOGPVU VJG RTQITCO
EQWPVGT CPF UVQTGU VJG EQWPVGT	U EQPVGPVU KP C TGUGTXGF OGOQT[ CTGC MPQY CU VJG 5VCEM� 6JG
UVCEM VJWU UCXGU VJG CFFTGUU QH VJG KPUVTWEVKQP VQ DG GZGEWVGF CHVGT VJG UWDTQWVKPG KU
EQORNGVGF� 6JGP VJG RTQEGUUQT NQCFU VJG CFFTGUU URGEKHKGF KP VJG ECNN KPVQ KVU RTQITCO EQWPVGT�
6JG PGZV KPUVTWEVKQP HGVEJGF YKNN VJGTGHQTG DG VJG HKTUV UVGR QH VJG UWDTQWVKPG�

6JG NCUV KPUVTWEVKQP KP CP[ UWDTQWVKPG KU C 4GVWTP� 5WEJ CP KPUVTWEVKQP PGGF URGEKH[ PQ CFFTGUU�
9JGP VJG RTQEGUUQT HGVEJGF C 4GVWTP KPUVTWEVKQP� KV UKORN[ TGRNCEGU VJG EWTTGPV EQPVGPVU QH VJG
2TQITCO %QWPVGT YKVJ VJG CFFTGUU QP VJG VQR QH VJG UVCEM� 6JKU ECWUGU VJG RTQEGUUQT VQ
TGUWOG GZGEWVKQP QH VJG ECNNKPI RTQITCO CV VJG RQKPV KOOGFKCVGN[ HQNNQYKPI VJG QTKIKPCN ECNN
KPUVTWEVKQP�
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5WDTQWVKPGU CTG QHVGP PGUVGF� VJCV KU� QPG UWDTQWVKPG YKNN UQOGVKOGU ECNN C UGEQPF UWDTQWVKPG�
6JG UGEQPF OC[ ECNN C VJKTF� CPF UQ QP� 6JKU KU RGTHGEVN[ CEEGRVCDNG� CU NQPI CU VJG RTQEGUUQT
JCU GPQWIJ ECRCEKV[ VQ UVQTG VJG PGEGUUCT[ TGVWTP CFFTGUUGU� CPF VJG NQIKECN RTQXKUKQP HQT
FQKPI UQ� +P QVJGT YQTFU� VJG FGRVJ QH VJG UVCEM KVUGNH FGVGTOKPGU VJG OCZKOWO FGRVJ QH
PGUVKPI� +H VJG UVCEM JCU URCEG HQT UVQTKPI VJTGG TGVWTP CFFTGUUGU� VJGP VJTGG NGXGNU QH
UWDTQWVKPGU OC[ DG CEEQOOQFCVGF�

2TQEGUUQTU JCXG FKHHGTGPV YC[U QH OCKPVCKPKPI UVCEMU� 5QOG JCXG HCEKNKVKGU HQT VJG UVQTCIG QH
TGVWTP CFFTGUUGU DWKNV KPVQ VJG RTQEGUUQT KVUGNH� 1VJGT RTQEGUUQTU WUG TGUGTXGF CTGCU QH
GZVGTPCN OGOQT[ CU VJG UVCEM CPF UKORN[ OCKPVCKP C 2QKPVGT TGIKUVGT� YJKEJ EQPVCKPU VJG
CFFTGUU QH VJG OQUV TGEGPV UVCEM GPVT[� 6JG GZVGTPCN UVCEM CNNQYU XKTVWCNN[ WPNKOKVGF UWDTQWVKPG
PGUVKPI� +P CFFKVKQP� KH VJG RTQEGUUQT RTQXKFGU KPUVTWEVKQPU VJCV ECWUGU VJG EQPVGPVU QH VJG
CEEWOWNCVQT CPF QVJGT IGPGTCN RWTRQUG TGIKUVGTU VQ DG �RWUJGF� QPVQ VJG UVCEM QT �RQRRGF� QHH
VJG UVCEM XKC VJG CFFTGUU UVQTGF KP VJG UVCEM RQKPVGT� OWNVK�NGXGN KPVGTTWRV RTQEGUUKPI 
FGUETKDGF
NCVGT KP VJKU EJCRVGT� KU RQUUKDNG� 6JG UVCVWU QH VJG RTQEGUUQT 
K�G�� VJG EQPVGPVU QH CNN VJG
TGIKUVGTU� ECP DG UCXGF KP VJG UVCEM YJGP CP KPVGTTWRV KU CEEGRVGF CPF VJGP TGUVQTGF CHVGT VJG
KPVGTTWRV JCU DGGP UGTXKEGF� 6JKU CDKNKV[ VQ UCXG VJG RTQEGUUQT	U UVCVWU CV CP[ IKXGP VKOG KU
RQUUKDNG GXGP KH CP KPVGTTWRV UGTXKEG TQWVKPG� KVUGNH� KU KPVGTTWRV�

+05647%6+10 4')+56'4 #0& &'%1&'4 � 'XGT[ EQORWVGT JCU 9QTF .GPIVJ VJCV KU
EJCTCEVGTKUVKEU QH VJCV OCEJKPG� # EQORWVGT	U YQTF NGPIVJ KU WUWCNN[ FGVGTOKPGF D[ VJG UK\G QH
KVU KPVGTPCN UVQTCIG GNGOGPVU CPF KPVGTEQPPGEVKPI RCVJU 
TGHGTTGF VQ $WUUGU�� HQT GZCORNG� C
EQORWVGT YJQUG TGIKUVGT CPF DWUUGU ECP UVQTG CPF VTCPUHGT � DKV CPF KU TGHGTTGF VQ CU CP ��DKV
RCTCNNGN RTQEGUUQT� #P GKIJV�DKV RCTCNNGN RTQEGUUQT IGPGTCNN[ HKPFU� CPF VJG OGOQT[ CUUQEKCVGF
YKVJ UWEJ C RTQEGUUQT KU VJGTGHQTG QTICPK\GF VQ UVQTG GKIJV DKVU KP GCEJ CFFTGUUCDNG OGOQT[ CU
GKIJV�DKV DKPCT[ PWODGTU� QT CU PWODGTU VJCV CTG KPVGITCN OWNVKRNGU QH GKIJV DKVU� �� DKVU� �� DKVU�
CPF UQ QP� 6JKU EJCTCEVGTKUVKE GKIJV�DKV HKGNF KU QHVGP TGHGTTGF VQ CU $[VG�

'CEJ QRGTCVKQP VJCV VJG RTQEGUUQT ECP RGTHQTO KU KFGPVKHKGF D[ C WPKSWG D[VG QH FCVC MPQYP CU
CP +PUVTWEVKQP %QFG QT 1RGTCVKQP %QFG� #P GKIJV�DKV YQTF WUGF CU CP KPUVTWEVKQP EQFG ECP
FKUVKPIWKUJ DGVYGGP ��� CNVGTPCVKXG CEVKQPU� OQTG VJCP CFGSWCVG HQT OQUV RTQEGUUQTU�

6JG RTQEGUUQT HGVEJGU CP KPUVTWEVKQP KP VYQ FKUVKPEV QRGTCVKQPU� (KTUV� VJG RTQEGUUQT VTCPUOKVU
VJG CFFTGUU KP KV 2TQITCO %QWPVGT VQ VJG OGOQT[� 6JGP VJG OGOQT[ TGVWTPU VJG CFFTGUUGF
D[VG KP C TGIKUVGT MPQYP CU VJG +PUVTWEVKQP 4GIKUVGT� CPF WUGU KV VQ FKTGEV CEVKXKVKGU FWTKPI VJG
TGOCKPFGT QH VJG KPUVTWEVKQP GZGEWVKQP�

6JG OGEJCPKUO D[ YJKEJ VJG RTQEGUUQT VTCPUNCVGU CP KPUVTWEVKQP EQFG KPVQ URGEKHKE RTQEGUUKPI
CEVKQPU TGSWKTGU OQTG GNCDQTCVKQP� 6JG GKIJV DKVU UVQTGF KP VJG KPUVTWEVKQP TGIKUVGT ECP DG
FGEQFGF CPF WUGF VQ UGNGEVKXGN[ CEVKXCVG QPG QT C PWODGT QH QWVRWV NKPGU� KP VJKU ECUG WR VQ ���
NKPGU� 'CEJ NKPG TGRTGUGPVU C UGV QH CEVKXKVKGU CUUQEKCVGF YKVJ GZGEWVKQP QH C RCTVKEWNCT
KPUVTWEVKQP EQFG� 6JG GPCDNG NKPG ECP DG EQODKPGF YKVJ UGNGEVGF VKOKPI RWNUGU� VQ FGXGNQR
GNGEVTKECN UKIPCNU VJCV ECP VJGP DG WUGF VQ KPKVKCVG URGEKHKE CEVKQPU� 6JKU VTCPUNCVKQP QH EQFG KPVQ
CEVKQP KU RGTHQTOGF D[ VJG +PUVTWEVKQP &GEQFG CPF D[ VJG CUUQEKCVGF EQPVTQN EKTEWKVT[�

#P GKIJV�DKV KPUVTWEVKQP EQFG KU QHVGP UWHHKEKGPV VQ URGEKH[ C RCTVKEWNCT RTQEGUUKPI CEVKQP� 6JGTG
CTG VKOGU� JQYGXGT� YJGP GZGEWVKQP QH VJG KPUVTWEVKQP TGSWKTGU OQTG KPHQTOCVKQP VJCP GKIJV DKVU
ECP EQPXG[�
1PG GZCORNG QH VJKU KU YJGP VJG KPUVTWEVKQP TGHGTGPEGU C OGOQT[ NQECVKQP� 6JG DCUKE
KPUVTWEVKQP EQFG KFGPVKHKGU VJG QRGTCVKQP VQ DG RGTHQTOGF� DWV ECPPQV URGEKH[ VJG QDLGEV CFFTGUU
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CU YGNN� +P C ECUG NKMG VJKU C VYQ�QT VJTGG�D[VG KPUVTWEVKQP OWUV DG WUGF� 5WEEGUUKXG KPUVTWEVKQP
D[VGU CTG UVQTGF KP UGSWGPVKCNN[ CFLCEGPV OGOQT[ NQECVKQPU� CPF VJG RTQEGUUQT RGTHQTOU VYQ QT
VJTGG HGVEJGU KP UWEEGUUKQP VQ QDVCKP VJG HWNN KPUVTWEVKQP� 6JG HKTUV D[VG TGVTKGXGF HTQO OGOQT[ KU
RNCEGF KP VJG RTQEGUUQT VJGP RTQEGGFU YKVJ VJG GZGEWVKQP RJCUG� 5WEJ CP KPUVTWEVKQP KU TGHGTTGF
VQ CU 8CTKCDNG .GPIVJ�

#FFTGUU 4GIKUVGT 
U�� # %27 OC[ WUG C TGIKUVGT�RCKT VQ JQNF VJG CFFTGUU QH C OGOQT[ NQECVKQP
VJCV KU VQ DG CEEGUUGF HQT FCVC� +H VJG CFFTGUU TGIKUVGT KU RTQITCOOCDNG� 
K�G� KH VJGTG CTG
KPUVTWEVKQPU VJCV CNNQY VJG RTQITCOOGT VQ CNVGT VJG EQPVGPVU QH VJG TGIKUVGT� VJG RTQITCO ECP
�DWKNF� CP CFFTGUU KP VJG TGIKUVGT RTKQT VQ GZGEWVKPI C /GOQT[ 4GHGTGPEG KPUVTWEVKQP�
4GHGTGPEG +PUVTWEVKQP KU CP KPUVTWEVKQP VJCV TGCFU FCVC HTQO OGOQT[ YTKVGU FCVC VQ OGOQT[ QT
QRGTCVGU QP FCVC UVQTGF KP OGOQT[��

#TKVJOGVKE � .QIKE 7PKV 
#.7�� #NN RTQEGUUQTU EQPVCKP CP CTKVJOGVKE�NQIKE WPKV� YJKEJ KU QHVGP
TGHGTTGF VQ UKORN[ CU VJG #.7� 6JG #.7� CU KVU PCOG KORNKGU� KU VJCV RQTVKQP QH VJG %27
JCTFYCTG� YJKEJ RGTHQTOU VJG CTKVJOGVKE CPF NQIKECN QRGTCVKQPU QP VJG DKPCT[ FCVC�

6JG #.7 OWUV EQPVCKP CP #FFGT� YJKEJ KU ECRCDNG QH EQODKPKPI VJG EQPVGPVU QH VYQ TGIKUVGTU KP
CEEQTFCPEG YKVJ VJG NQIKE QH DKPCT[ CTKVJOGVKE� 6JKU RTQXKUKQP RGTOKVU VJG RTQEGUUQT VQ RGTHQTO
CTKVJOGVKE OCPKRWNCVKQPU QH VJG FCVC KV QDVCKPU HTQO OGOQT[ CPF HTQO KVU QVJGT KPRWVU�

7UKPI QPN[ VJG DCUKE CFFGT C ECRCDNG RTQITCOOGT ECP YTKVG TQWVKPGU� YJKEJ YKNN UWDVTCEV�
OWNVKRN[ CPF FKXKFG� IKXKPI VJG OCEJKPG EQORNGVG CTKVJOGVKE ECRCDKNKVKGU� +P RTCEVKEG� JQYGXGT�
OQUV #.7U RTQXKFG QVJGT DWKNV�KP HWPEVKQPU� KPENWFKPI JCTFYCTG UWDVTCEVKQP� $QQNGCP NQIKE
QRGTCVKQPU� CPF UJKHV ECRCDKNKVKGU�

6JG #.7 EQPVCKPU (NCI $KVU� YJKEJ URGEKH[ EGTVCKP EQPFKVKQPU VJCV CTKUG KP VJG EQWTUG QH
CTKVJOGVKE CPF NQIKECN OCPKRWNCVKQPU� (NCIU V[RKECNN[ KPENWFG %CTT[� <GTQ� 5KIP� CPF 2CTKV[� +V
KU RQUUKDNG VQ RTQITCO LWORU YJKEJ CTG EQPFKVKQPCNN[ FGRGPFGPV QP VJG UVCVWU QH QPG QT OQTG
HNCIU� 6JWU� HQT GZCORNG� VJG RTQITCO OC[ DG FGUKIPGF VQ LWOR VQ C URGEKCN TQWVKPG KH VJG ECTT[
DKV KU UGV HQNNQYKPI CP CFFKVKQP KPUVTWEVKQP�

%QPVTQN %KTEWKVT[� 6JG EQPVTQN EKTEWKVT[ KU VJG RTKOCT[ HWPEVKQPCN WPKV YKVJKP # %27� 7UKPI ENQEM
KPRWVU� VJG EQPVTQN EKTEWKVT[ OCKPVCKPU VJG RTQRGT UGSWGPEG QH GXGPVU TGSWKTGF HQT CP[ RTQEGUUKPI
VCUM� #HVGT CP KPUVTWEVKQP KU HGVEJGF CPF FGEQFGF� VJG EQPVTQN EKTEWKVT[ KUUWGU VJG CRRTQRTKCVG
UKIPCNU 
VQ WPKVU DQVJ KPVGTPCN CPF GZVGTPCN VQ VJG %27� HQT KPKVKCVKPI VJG RTQRGT RTQEGUUKPI
CEVKQP� 1HVGP VJG EQPVTQN EKTEWKVT[ YKNN DG ECRCDNG QH TGURQPFKPI VQ GZVGTPCN UKIPCNU� UWEJ CU CP
KPVGTTWRV QT YCKV TGSWGUV� #P +PVGTTWRV TGSWGUV YKNN ECWUG VJG EQPVTQN EKTEWKVT[ VQ VGORQTCTKN[
KPVGTTWRV OCKP RTQITCO GZGEWVKQP� LWORU VQ C URGEKCN TQWVKPG VQ UGTXKEG VJG KPVGTTWRVKPI FGXKEG�
VJGP CWVQOCVKECNN[ TGVWTP VQ VJG OCKP RTQITCO� # YCKV TGSWGUV KU QHVGP KUUWGF D[ C OGOQT[ QT
+�1 GNGOGPV VJCV QRGTCVGU UNQYGT VJCP VJG %27� 6JG EQPVTQN EKTEWKVT[ YKNN OCMG VJG %27 KFNG
WPVKN VJG OGOQT[ QT +�1 RQTVU KU TGCF[ YKVJ VJG FCVC�

6+/+0)� 6JG CEVKXKVKGU QH VJG EGPVTCN RTQEGUUQT CTG E[ENKECN� 6JG RTQEGUUQT HGVEJGU CPF
KPUVTWEVKQP� RGTHQTOU VJG QRGTCVKQPU TGSWKTGF� HGVEJGU VJG PGZV KPUVTWEVKQP� CPF UQ QP� 6JKU
QTFGTN[ UGSWGPEG QH GXGPVU TGSWKTGU RTGEKUG VKOKPI� CPF VJG %27 VJGTGHQTG TGSWKTGU C HTGG
TWPPKPI QUEKNNCVQT ENQEM� YJKEJ HWTPKUJGU VJG TGHGTGPEG HQT CNN RTQEGUUQT CEVKQPU� 6JG EQODKPGU
HGVEJ CPF GZGEWVKQP QH C UKPING KPUVTWEVKQP KU TGHGTTGF VQ CU CP +PUVTWEVKQP %[ENG� 6JG RQTVKQP QH
C E[ENG KFGPVKHKGF YKVJ C ENGCTN[ FGHKPGF CEVKXKV[ KU ECNNGF C 5VCVG� #PF VJG KPVGTXCN DGVYGGP
RWNUGU QH VJG VKOKPI QUEKNNCVQT KU TGHGTTGF VQ CU C %NQEM 2GTKQF� #U C IGPGTCN TWNG� QPG QT OQTG
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ENQEM RGTKQFU CTG PGEGUUCT[ HQT VJG EQORNGVKQP QH C UVCVG� CPF VJGTG CTG UGXGTCN UVCVGU KP C
E[ENG�

+PUVTWEVKQP (GVEJ � 6JG HKTUV UVCVG 
U� QH CP[ KPUVTWEVKQP E[ENG YKNN DG FGFKECVGF VQ HGVEJKPI VJG
PGZV KPUVTWEVKQP� 6JG %27 KUUWGU C TGCF UKIPCN CPF VJG EQPVGPVU QH VJG RTQITCO EQWPVGT CTG
UGPV VQ OGOQT[� YJKEJ TGURQPFU D[ TGVWTPKPI VJG PGZV KPUVTWEVKQP YQTF� 6JG HKTUV D[VG QH VJG
KPUVTWEVKQP KU RNCEGF KP VJG KPUVTWEVKQP TGIKUVGT� +H VJG KPUVTWEVKQP EQPUKUVU QH OQTG VJCP QPG D[VG�
CFFKVKQPCN UVCVGU CTG TGSWKTGF VQ HGVEJ GCEJ D[VG QH VJG KPUVTWEVKQP� 9JGP VJG GPVKTG KPUVTWEVKQP
KU RTGUGPV KP VJG %27� VJG RTQITCO EQWPVGT KU KPETGOGPVGF 
KP RTGRCTCVKQP HQT VJG PGZV
KPUVTWEVKQP� CPF VJG KPUVTWEVKQP KU FGEQFGF� 6JG QRGTCVKQP URGEKHKGF KP VJG KPUVTWEVKQP YKNN DG
GZGEWVGF KP VJG TGOCKPKPI UVCVGU QH VJG KPUVTWEVKQP E[ENG� 6JG KPUVTWEVKQP OC[ ECNN HQT C OGOQT[
TGCF QT YTKVG QT CP KPVGTPCN %27 QRGTCVKQPU� UWEJ CU C TGIKUVGT�VQ�TGIKUVGT QRGTCVKQP�

/GOQT[ 4GCF� #P KPUVTWEVKQP HGVEJ KU OGTGN[ C URGEKCN OGOQT[ TGCF QRGTCVKQP VJCV DTKPIU VJG
KPUVTWEVKQP� +V OC[ VJGP ECNN HQT FCVC VQ DG TGCF HTQO OGOQT[ KPVQ VJG %27� 6JG %27 CICKP
KUUWGU C TGCF UKIPCN CPF UGPFU VJG RTQRGT OGOQT[ CFFTGUU� OGOQT[ TGURQPFU D[ TGVWTPKPI VJG
TGSWGUVGF YQTF� 6JG FCVC TGEGKXGF KU RNCEGF KP VJG CEEWOWNCVQT QT QPG QH VJG QVJGT IGPGTCN
RWTRQUGU TGIKUVGTU 
PQV VJG KPUVTWEVKQP TGIKUVGT��

/GOQT[ 9TKVG� # OGOQT[ YTKVG QRGTCVKQP KU UKOKNCT VQ C TGCF GZRGEV HQT VJG FKTGEVKQP QH FCVC
HNQY� 6JG %27 KUUWGU C YTKVG UKIPCN� UGPFU VJG RTQRGT OGOQT[ CFFTGUU� VJGP UGPFU VJG FCVC
YQTF VQ DG YTKVVGP KPVQ VJG CFFTGUUGF OGOQT[ NQECVKQP�

9CKV 
OGOQT[ U[PEJTQPKUCVKQP� � 6JG CEVKXKVKGU QH VJG RTQEGUUQT CTG VKOGF D[ C OCUVGT ENQEM
QUEKNNCVQT� 6JG ENQEM RGTKQF FGVGTOKPGU VJG VKOKPI QH CNN RTQEGUUKPI CEVKXKV[�

6JG URGGF QH VJG RTQEGUUKPI E[ENG� JQYGXGT� KU NKOKVGF D[ VJG OGOQT[	U #EEGUU 6KOG� 1PEG
VJG RTQEGUUQT JCU UGPV C TGCF CFFTGUU VQ OGOQT[� KV ECPPQV RTQEGGF WPVKN VJG OGOQT[ JCU JCF
VKOG VQ TGURQPF� /QUV OGOQTKGU CTG ECRCDNG QH TGURQPFKPI OWEJ HCUVGT VJCP VJG RTQEGUUKPI
E[ENG TGSWKTGU� # HGY� JQYGXGT� ECPPQV UWRRN[ VJG CFFTGUUGF D[VG YKVJKP VJG OKPKOWO VKOG
GUVCDNKUJGF D[ VJG RTQEGUUQT	U ENQEM�

6JGTGHQTG C RTQEGUUQT UJQWNF EQPVCKP C U[PEJTQPKUCVKQP RTQXKUKQP� YJKEJ RGTOKVU VJG OGOQT[ VQ
TGSWGUV C 9CKV UVCVG� 9JGP VJG OGOQT[ TGEGKXGU C TGCF QT YTKVG GPCDNG UKIPCN� KV RNCEGU C
TGSWGUV UKIPCN QP VJG RTQEGUUQT	U 4'#&; NKPG� ECWUKPI VJG %27 VQ KFNG VGORQTCTKN[� #HVGT VJG
OGOQT[ JCU JCF VKOG VQ TGURQPF� KV HTGGU VJG RTQEGUUQT	U 4'#&; NKPG� CPF VJG KPUVTWEVKQP E[ENG
RTQEGGFU�

+PRWV � 1WVRWV � +PRWV CPF QWVRWV QRGTCVKQPU CTG UKOKNCT VQ OGOQT[ TGCF CPF YTKVG QRGTCVKQPU
YKVJ VJG GZEGRVKQP VJCV C RGTKRJGTCN +�1 FGXKEGU CTG CFFTGUUGF KPUVGCF QH C OGOQT[ NQECVKQP�
6JG %27 KUUWGU VJG CRRTQRTKCVG KPRWV QT QWVRWV EQPVTQN UKIPCN� UGPFU VJG RTQRGT FGXKEGU
CFFTGUU CPF GKVJGT TGEGKXGU VJG FCVC DGKPI KPRWV QT UGPFU VJG FCVC VQ DG QWVRWV�

&CVC ECP DG KPRWV�QWVRWV KP GKVJGT RCTCNNGN QT UGTKCN HQTO� #NN FCVC YKVJKP C FKIKVCN EQORWVGT KU
TGRTGUGPVGF KP DKPCT[ EQFGF HQTO� # DKPCT[ FCVC YQTF EQPUKUVU QH C ITQWR QH DKVU� GCEJ DKV KU
GKVJGT C QPG QT C \GTQ� 2CTCNNGN +�1 EQPUKUVU QH VTCPUHGTTKPI CNN DKVU KP VJG YQTF CV VJG UCOG VKOG�
QPG DKV RGT NKPG� 5GTKCN +�1 EQPUKUVU QH VTCPUHGTTKPI QPG DKV CV C VKOG QP C UKPING NKPG� 0CVWTCNN[
UGTKCN +�1 KU OWEJ UNQYGT� DWV KV TGSWKTGU EQPUKFGTCDN[ NGUU JCTFYCTG VJCP FQGU RCTCNNGN +�1�
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���� +PVGTTWRVU��

+PVGTTWRV RTQXKUKQPU CTG KPENWFGF QP OCP[ EGPVTCN RTQEGUUQTU� CU C OGCPU QH KORTQXKPI VJG
RTQEGUUQT	U GHHKEKGPE[� %QPUKFGT VJG ECUG QH C EQORWVGT VJCV KU RTQEGUUKPI C NCTIG XQNWOG QH
FCVC� RQTVKQPU QH YJKEJ CTG VQ DG QWVRWV VQ C RTKPVGT� 6JG %27 ECP QWVRWV C D[VG QH FCVC YKVJKP C
UKPING OCEJKPG E[ENG DWV KV OC[ VCMG VJG RTKPVGT VJG GSWKXCNGPV QH OCP[ OCEJKPG E[ENGU VQ
CEVWCNN[ RTKPV VJG EJCTCEVGT URGEKHKGF D[ VJG FCVC D[VG� 6JG %27 EQWNF VJGP TGOCKP KFNG YCKVKPI
WPVKN VJG RTKPVGT ECP CEEGRV VJG PGZV FCVC D[VG� +H CP KPVGTTWRV ECRCDKNKV[ KU KORNGOGPVGF QP VJG
EQORWVGT� VJG %27 ECP QWVRWV C FCVC D[VG VJGP TGVWTP VQ FCVC RTQEGUUKPI� 9JGP VJG RTKPVGT KU
TGCF[ VQ CEEGRV VJG PGZV FCVC D[VG� KV ECP TGSWGUV CP KPVGTTWRV� 9JGP VJG %27 CEMPQYNGFIGU
VJG KPVGTTWRV� KV UWURGPFU OCKP RTQITCO GZGEWVKQP CPF CWVQOCVKECNN[ DTCPEJGU VQ C TQWVKPG VJCV
YKNN QWVRWV VJG PGZV FCVC D[VG� #HVGT VJG D[VG KU QWVRWV� VJG %27 EQPVKPWGU YKVJ OCKP RTQITCO
GZGEWVKQP� 0QVG VJCV VJKU KU� KP RTKPEKRNG� SWKVG UKOKNCT VQ UWDQTFKPCVG ECNN� GZEGRV VJCV LWOR KU
KPKVKCVGF GZVGTPCNN[ TCVJGT VJCP D[ VJG RTQITCO�

/QTG EQORNGZ KPVGTTWRV UVTWEVWTGU CTG RQUUKDNG� KP YJKEJ UGXGTCN KPVGTTWRVKQP FGXKEGU UJCTG VJG
UCOG RTQEGUUQT DWV JCXG FKHHGTGPV RTKQTKV[ NGXGNU� +PVGTTWRV RTQEGUUKPI KU CP KORQTVCPV HGCVWTG
VJCV GPCDNGU OCZKOWO WVKNKUCVKQP QH C RTQEGUUQT	U ECRCEKV[ HQT JKIJ U[UVGO VJTQWIJRWV�

*QNF � #PQVJGT KORQTVCPV HGCVWTG VJCV KORTQXGU VJG VJTQWIJRWV QH C RTQEGUUQT KU VJG *QNF� 6JG
JQNF RTQXKUKQP GPCDNGU &KTGEV /GOQT[ #EEGUU 
&/#� QRGTCVKQPU�

+P QTFKPCT[ KPRWV CPF QWVRWV QRGTCVKQPU� VJG RTQEGUUQT KVUGNH UWRGTXKUGU VJG GPVKTG FCVC VTCPUHGT�
+PHQTOCVKQP VQ DG RNCEGF KP OGOQT[ KU VTCPUHGTTGF HTQO VJG KPRWV FGXKEG VQ VJG RTQEGUUQT CPF
VJGP HTQO VJG RTQEGUUQT VQ VJG FGUKIPCVGF OGOQT[ NQECVKQP� +P UKOKNCT HCUJKQP� KPHQTOCVKQP VJCV
IQGU HTQO OGOQT[ VQ QWVRWV FGXKEGU IQGU D[ YC[ QH VJG RTQEGUUQT�

5QOG RGTKRJGTCN FGXKEGU� JQYGXGT� CTG ECRCDNG QH VTCPUHGTTKPI KPHQTOCVKQP VQ CPF HTQO OGOQT[
OWEJ HCUVGT VJCP VJG RTQEGUUQT KVUGNH ECP CEEQORNKUJ VJG VTCPUHGT� +H CP[ CRRTGEKCDNG SWCPVKV[ QH
FCVC OWUV DG VTCPUHGTTGF VQ QT HTQO UWEJ C FGXKEG� VJGP JCXKPI VJG FGXKEG CEEQORNKUJ VJG
VTCPUHGT FKTGEVN[ YKNN KPETGCUG U[UVGO VJTQWIJRWV� 6JG RTQEGUUQT OWUV VGORQTCTKN[ UWURGPF KVU
QRGTCVKQP FWTKPI UWEJ C VTCPUHGT� VQ RTGXGPV EQPHNKEVU VJCV YQWNF CTKUG KH RTQEGUUQT CPF
RGTKRJGTCN FGXKEG CVVGORVGF VQ CEEGUU OGOQT[ UKOWNVCPGQWUN[� +V KU HQT VJKU TGCUQP VJCV JQNF
RTQXKUKQP KU KPENWFGF QP UQOG RTQEGUUQTU�

���� /GOQT[�#FFTGUUKPI

6JG ����# KU CP ��DKV IGPGTCN�RWTRQUG OKETQRTQEGUUQT VJCV KU XGT[ EQUV�GHHGEVKXG KP UOCNN
U[UVGOU DGECWUG QH KVU GZVTCQTFKPCTKN[ NQY JCTFYCTG QXGTJGCF TGSWKTGOGPVU� #V VJG UCOG VKOG
KV KU ECRCDNG QH CEEGUUKPI WR VQ ��- D[VGU QH OGOQT[ CPF JCU UVCVWU NKPGU HQT EQPVTQNNKPI NCTIG
U[UVGOU�

+P VJG ����# OKETQRTQEGUUQT EQPVCKPU VJG HWPEVKQPU QH ENQEM IGPGTCVKQP� KP CFFKVKQP VQ GZGEWVKQP
QH KPUVTWEVKQP UGV� 6JG ����# VTCPUHGTU FCVC QP CP ��DKV� DK�FKTGEVKQPCN ��UVCVG DWU 
#&��#&��
YJKEJ KU VKOG OWNVKRNGZGF UQ VJCV KV ECP VTCPUOKV VJG GKIJV NQYGT�QTFGT CFFTGUU DKVU CPF FCVC DKVU
QP VJG UCOG RKPU� #P CFFKVKQPCN GKIJV NKPGU 
#����� GZRCPF VJG U[UVGO OGOQT[ CFFTGUUKPI
ECRCDKNKV[ VQ �� DKVU� VJGTGD[ CNNQYKPI ��- D[VGU QH OGOQT[ VQ DG CEEGUUGF FKTGEVN[ D[ VJG %27�
6JG ����# %27 
EGPVTCN RTQEGUUKPI WPKV� IGPGTCVGU EQPVTQN UKIPCNU VJCV ECP DG WUGF VQ UGNGEV
CRRTQRTKCVG GZVGTPCN FGXKEGU CPF HWPEVKQPU RGTHQTO 4'#& CPF 94+6' QRGTCVKQPU CPF CNUQ VQ
UGNGEV OGOQT[ QT +�1 RQTVU� 6JG ����# ECP CFFTGUU WR VQ ��� FKHHGTGPV +�1 NQECVKQPU� 6JGUG
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CFFTGUUGU JCXG VJG UCOG PWOGTKECN XCNWGU 
�� VJTQWIJ ((*� CU VJG HKTUV ��� OGOQT[
CFFTGUUGU� VJG[ CTG FKUVKPIWKUJGF D[ OGCPU QH VJG +1�/ QWVRWV HTQO VJG %27�

���� &/# 
&KTGEV /GOQT[ #EEGUU� �

9JGPGXGT C DNQEM QH FCVC PGGFU VQ DG VTCPUHGTTGF VQ OGOQT[ HTQO CP[ FGXKEG� VJGP VJG &/# +%
KU PQTOCNN[ WUGF� &/# VCMGU VJG EQPVTQN QH VTCPUHGTTKPI VJG FCVC D[ RWVVKPI %27 KP C YCKV UVCVG�
#PF VJKU KU FQPG CU HQNNQYU �

• &/# KUUWGU C JQNF UKIPCN�

• %27 CEMPQYNGFIGU VJG JQNF UKIPCN CPF IQGU KPVQ C YCKV UVCVG�
• &/# VTCPUHGTU VJG FCVC D[ IGPGTCVKPI CFFTGUU QH VJG OGOQT[.

&/#
/+%41� %10641..'4

241%'5514 *1.&

*1.& #%-�

(KI� ���� &/# &TKXGP &CVC 6TCPUHGT

���� �����#TEJKVGEVWTG��

(KI� ��� UJQYU KPVGTPCN #TEJKVGEVWTG QH ���� DG[QPF VJG RTQITCOOCDNG TGIKUVGTU� +V KPENWFGU

#.7� 6KOKPI CPF EQPVTQN WPKV� +PUVTWEVKQP 4GIKUVGT� 4GIKUVGT CTTC[� +PVGTTWRV EQPVTQN CPF UGTKCN

+�1 EQPVTQN�

6JG CTKVJOGVKE NQIKE WPKV RGTHQTOU VJG EQORWVKPI HWPEVKQPU� +V KPENWFGU CEEWOWNCVQT� VGORQTCT[

TGIKUVGT� 6JG CTKVJOGVKE CPF NQIKE EKTEWKVU CPF HKXG HNCIU� 6JG VGORQTCT[ TGIKUVGT KU WUGF VQ JQNF

FCVC FWTKPI CP CTKVJOGVKE �NQIKE QRGTCVKQP� 6JG TGUWNV KU UVQTGF KP CEEWOWNCVQT CPF VJG HNCIU


�HNKR � HNQR� CTG UGV QT TGUGV CEEQTFKPI VQ TGUWNV QH QRGTCVKQP� 6KOKPI CPF EQPVTQN WPKV

U[PEJTQPKUGU CNN OKETQRTQEGUUQT QRGTCVKQPU YKVJ VJG ENQEM CPF IGPGTCVGU VJG EQPVTQN UKIPCNU HQT

EQOOWPKECVKQP DGVYGGP OKETQRTQEGUUQT CPF RGTKRJGTCNU� 6JG EQPVTQN UKIPCNU CTG UKOKNCT VQ U[PE

RWNUGU KP CP QUEKNNQUEQRG� 6JG 4& CPF 94 UKIPCNU CTG U[PE RWNUGU KPFKECVKPI VJG CXCKNCDKNKV[ QH

FCVC QP VJG FCVC DWU� 6JG KPUVTWEVKQP TGIKUVGT CPF FGEQFGT CTG RCTV QH #.7� YJGP KPUVTWEVKQP KU

HGVEJGF� KV KU NQCFGF KP KPUVTWEVKQP TGIKUVGT� 6JG FGEQFGT FGEQFGU VJG KPUVTWEVKQP CPF GUVCDNKUJGU

UGSWGPEG QH GXGPVU VQ HQNNQY� 6YQ CFFKVKQPCN TGIKUVGTU� ECNNGF VGORQTCT[ TGIKUVGTU 9 CPF < CTG

KPENWFGF KP VJG TGIKUVGT CTTC[� 6JGUG TGIKUVGTU CTG WUGF VQ JQNF � DKV FCVC�
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(KI� ���� ���� /KETQRTQEGUUQT #TEJKVGEVWTG

4GIKUVGTU � 6JG ����#� KU RTQXKFGF YKVJ KPVGTPCN ��DKV TGIKUVGTU CPF ���DKV TGIKUVGTU� 6JG ����#
JCU GKIJV CFFTGUUCDNG ��DKV TGIKUVGTU� 5KZ QH VJGO ECP DG WUGF GKVJGT CU ��DKV TGIKUVGTU QT CU
���DKV TGIKUVGT RCKTU� 4GIKUVGT RCKTU CTG VTGCVGF CU VJQWIJ VJG[ YGTG UKPING� ���DKV TGIKUVGTU� VJG
JKIJ�QTFGT D[VG QH C RCKT KU NQECVGF KP VJG HKTUV TGIKUVGT CPF VJG NQY�QTFGT D[VG KU NQECVGF KP VJG
UGEQPF� +P CFFKVKQP VQ VJG TGIKUVGTU� VJG ����# EQPVCKPU VYQ OQTG ���DKV TGIKUVGTU� 6JG ����#	U
%27 TGIKUVGTU CTG FKUVKPIWKUJGF CU HQNNQYU �

• 6JG #EEWOWNCVQT 
#%% QT # 4GIKUVGT� KU VJG HQEWU QH CNN QH VJG CEEWOWNCVQT KPUVTWEVKQPU�
YJKEJ KPENWFG CTKVJOGVKE� NQIKE� NQCF CPF UVQTG� CPF +�1 KPUVTWEVKQPU� +V KU CP ��DKV TGIKUVGT
QPN[�

• 6JG RTQITCO EQWPVGT 
2%� CNYC[U RQKPVU VQ VJG OGOQT[ NQECVKQP QH VJG PGZV KPUVTWEVKQP VQ
DG GZGEWVGF� +V CNYC[U EQPVCKPU C ���DKV CFFTGUU�

• )GPGTCN�RWTRQUG TGIKUVGT $%� &'� CPF *. OC[ DG WUGF CU UKZ ��DKV TGIKUVGTU QT CU VJTGG
���DKV TGIKUVGTU� KPVGTEJCPIGCDN[� FGRGPFKPI QP VJG KPUVTWEVKQP DGKPI RGTHQTOGF� *.
HWPEVKQPU CU C FCVC RQKPVGT VQ TGHGTGPEG OGOQT[ CFFTGUUGU VJCV CTG GKVJGT VJG UQWTEGU QH
VJG FGUVKPCVKQPU KP C PWODGT QH KPUVTWEVKQPU� # UOCNNGT PWODGT QH KPUVTWEVKQPU ECP WUG $%
QT &' HQT KPFKTGEV CFFTGUUKPI�

• 6JG UVCEM RQKPVGT 
52� KU C URGEKCN FCVC RQKPVGT VJCV CNYC[U RQKPVU VQ VJG UVCEM VQR 
PGZV
CXCKNCDNG UVCEM CFFTGUU�� +V KU CP KPFKXKUKDNG ���DKV TGIKUVGT�
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• 6JG HNCI TGIKUVGT EQPVCKPU HKXG QPG�DKV HNCIU� GCEJ QH YJKEJ TGEQTFU RTQEGUUQT UVCVWU
KPHQTOCVKQP CPF OC[ CNUQ EQPVTQN RTQEGUUQT QRGTCVKQP�

(NCIU � 6JG HKXG HNCIU KP VJG ����# %27 CTG UJQYP DGNQY �

&� &� &� &� &� &� &� &�

5 < #% 2 %;

6JG ECTT[ HNCI 
%;� KU UGV CPF TGUGV D[ CTKVJOGVKE QRGTCVKQPU� +VU UVCVWU KU FKTGEVN[ VGUVGF D[ C
RTQITCO� (QT GZCORNG� VJG CFFKVKQP QH VYQ QPG�D[VG PWODGTU ECP RTQFWEG CP CPUYGT VJCV FQGU
PQV HKV KPVQ QPG D[VG�

*':#&'%+/#. $+0#4;

#'* � � � � � � � �
��* � � � � � � � �

���* � � � � � � � � �

%CTT[ DKV UGVU ECTT[ HNCI VQ �

#P CFFKVKQPCN QRGTCVKQP VJCV TGUWNVU KP CP QXGTHNQY QWV QH VJG JKIJ�QTFGT DKV QH VJG CEEWOWNCVQT
UGVU VJG ECTT[ HNCI� #P CFFKVKQP QRGTCVKQP VJCV FQGU PQV TGUWNV KP CP QXGTHNQY ENGCTU VJG ECTT[
HNCI� 6JG ECTT[ HNCI CNUQ CEVU CU C �DQTTQY� HNCI HQT UWDVTCEV QRGTCVKQPU�

6JG CWZKNKCT[ ECTT[ HNCI 
#%� KPFKECVGU QXGTHNQY QWV QH DKV � QH VJG CEEWOWNCVQT KP VJG UCOG YC[
VJCV VJG ECTT[ HNCI KPFKECVGU QXGTHNQY QWV QH DKV �� 6JKU HNCI KU EQOOQPN[ WUGF KP $%& 
DKPCT[
EQFGF FGEKOCN� CTKVJOGVKE�

6JG UKIP HNCI KU UGV VQ VJG EQPFKVKQP QH VJG OQUV UKIPKHKECPV DKV QH VJG CEEWOWNCVQT HQNNQYKPI VJG
GZGEWVKQP QH CTKVJOGVKE QT NQIKECN KPUVTWEVKQPU� 6JGUG KPUVTWEVKQPU WUG DKV � QH FCVC VQ TGRTGUGPV
VJG UKIP QH VJG PWODGT EQPVCKPGF KP VJG CEEWOWNCVQT� 6JKU RGTOKVU VJG OCPKRWNCVKQP QH PWODGTU
KP VJG TCPIG HTQO L ��� VQ  ����

6JG \GTQ HNCI KU UGV KH VJG TGUWNV IGPGTCVGF D[ EGTVCKP KPUVTWEVKQPU KU \GTQ� 6JG \GTQ HNCI KU
ENGCTGF KH VJG TGUWNV KU PQV \GTQ� # TGUWNV VJCV JCU C ECTT[ DWV JCU C \GTQ CPUYGT D[VG KP VJG
CEEWOWNCVQT YKNN UGV DQVJ VJG ECTT[ HNCI CPF VJG \GTQ HNCI� (QT GZCORNG�

*':#&'%+/#. $+0#4;

#�* � � � � � � � �
��* � � � � � � � �

���* � � � � � � � � �

%CTT[ DKV � \GTQ HNCI VQ �

6JG 2CTKV[ HNCI 
2� KU UGV VQ � KH VJG RCTKV[ 
PWODGT QH � DKVU� QH VJG CEEWOWNCVQT KU GXGP� +H QFF� KV
KU ENGCTGF�
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5VCEM�� 6JG UVCEM RQKPVGT OCKPVCKPU VJG CFFTGUU QH VJG NCUV D[VG GPVGTGF KPVQ VJG UVCEM� 6JG
UVCEM RQKPVGT ECP DG KPKVKCNK\GF V WUG CP[ RQTVKQP QH TGCF�YTKVG OGOQT[ CU C UVCEM� 6JG UVCEM
RQKPVGT FGETGOGPVU GCEJ VKOG FCVC KU RWUJGF QPVQ VJG UVCEM CPF KU KPETGOGPVGF GCEJ VKOG FCVC
KU RQRRGF QHH VJG UVCEM 
K�G�� VJG UVCEM ITQYU FQYPYCTF KP VGTOU QH OGOQT[ CFFTGUU� CPF VJG
UVCEM �VQR� KU VJG NQYGUV PWOGTKECN CFFTGUU TGRTGUGPVGF KP VJG UVCEM EWTTGPVN[ KP WUG�� 0QVG VJCV
VJG UVCEM RQKPVGT KU CNYC[U KPETGOGPVGF QT FGETGOGPVGF D[ VYQ D[VGU UKPEG CNN UVCEM QRGTCVKQPU
CRRN[ VQ TGIKUVGT RCKTU�

#TKVJOGVKE�.QIKE 7PKV 
#.7� � 6JG #.7 EQPVCKPU VJG CEEWOWNCVQT CPF VJG HNCI TGIKUVGT CPF
UQOG VGORQTCT[ TGIKUVGTU VJCV CTG KPCEEGUUKDNG VQ VJG RTQITCOOGT�

#TKVJOGVKE� NQIKE� CPF TQVCVG QRGTCVKQPU CTG RGTHQTOGF D[ VJG #.7� 6JG TGUWNVU QH VJGUG
QRGTCVKQPU ECP DG FGRQUKVGF KP VJG CEEWOWNCVQT� QT VJG[ ECP DG VTCPUHGTTGF VQ VJG KPVGTPCN FCVC
DWU HQT WUG GNUGYJGTG�

+PUVTWEVKQP 4GIKUVGT CPF &GEQFGT � &WTKPI CP KPUVTWEVKQP HGVEJ� VJG HKTUV D[VG QH CP KPUVTWEVKQP

EQPVCKPKPI VJG QREQFG� KU VTCPUHGTTGF HTQO VJG KPVGTPCN DWU VQ VJG ��DKV KPUVTWEVKQP TGIKUVGT� 6JG
EQPVGPVU QH VJG KPUVTWEVKQP TGIKUVGT CTG� KP VWTP� CXCKNCDNG VQ VJG KPUVTWEVKQP FGEQFGT� 6JG QWVRWV
QH VJG FGEQFGT� ICVGU D[ VKOKPI UKIPCNU EQPVTQNU QH TGIKUVGTU� #.7� CPF FCVC CPF CFFTGUU
DWHHGTU� 6JG QWVRWV QH VJG KPUVTWEVKQP FGEQFGT CPF KPVGTPCN ENQEM IGPGTCVQT IGPGTCVGU VJG UVCVG
CPF OCEJKPG E[ENG VKOKPI UKIPCNU�

+PVGTPCN %NQEM )GPGTCVQT� 6JG ����# %27 KPEQTRQTCVGU C EQORNGVG ENQEM IGPGTCVQT QP KVU EJKR�
UQ KV TGSWKTGU QPN[ VJG CFFKVKQP QH C SWCTV\ ET[UVCN VQ GUVCDNKUJ VKOKPI HQT KVU QRGTCVKQP� 
+V YKNN
CEEGRV CP GZVGTPCN ENQEM KPRWV CV KVU :+ KPRWV� # UWKVCDNG ET[UVCN HQT VJG UVCPFCTF ����# OWUV DG
RCTCNNGN TGUQPCPV CV C HWPFCOGPVCN QH ���� /*\ QT NGUU� VYKEG VJG FGUKTGF KPVGTPCN ENQEM
HTGSWGPE[� # UEJOKVV VTKIIGT KU WUGF KPVGTEJCPIGCDN[ CU QUEKNNCVQT QT CU KPRWV EQPFKVKQPGT�
FGRGPFKPI WRQP YJGVJGT C ET[UVCN QT CP GZVGTPCN UQWTEG KU WUGF� 6JG ENQEM EKTEWKVT[ IGPGTCVGU
VYQ PQP�QXGTNCRRKPI KPVGTPCN ENQEM UKIPCNU� V� CPF V� CPF EQPVTQN VJG KPVGTPCN VKOKPI QH VJG ����#
CPF CTG PQV FKTGEVN[ CXCKNCDNG QP VJG QWVUKFG QH VJG EJKR�

+PVGTTWRVU� 6JG HKXG JCTFYCTG KPVGTTWRV KPRWVU RTQXKFGF KP VJG ����# CTG OCUMCDNG 
ECP DG
GPCDNGF QT FKUCDNGF D[ UQHVYCTG KPUVTWEVKQP�� CPF ECWUGU VJG %27 VQ HGVEJ KP CP 456
KPUVTWEVKQP� 6JKU XGEVQTU DTCPEJ VQ CP[ QPG GKIJV HKZGF OGOQT[ NQECVKQPU 
4GUVCTV CFFTGUUGU��
+064 ECP CNUQ DG EQPVTQNNGF D[ VJG ���� RTQITCOOCDNG KPVGTTWRV EQPVTQNNGT� YJKEJ IGPGTCVGU
%#.. KPUVTWEVKQPU KPUVGCF QH 456U� CPF ECP VJWU XGEVQT QRGTCVKQP QH VJG %27 VQ C
RTGRTQITCOOGF UWDTQWVKPG NQECVGF CP[YJGTG KP VJG U[UVGOOU OGOQT[ OCR� 6JG 456 ���� 456
��� CPF 456 ��� JCTFYCTG KPVGTTWRVU CTG FKHHGTGPV KP HWPEVKQP KP VJCV VJG[ CTG OCUMCDNG VJTQWIJ
VJG WUG QH VJG 5+/ KPUVTWEVKQP� YJKEJ GPCDNGU QT FKUCDNGU VJGUG KPVGTTWRVU D[ ENGCTKPI QT UGVVKPI
EQTTGURQPFKPI OCUM HNCIU DCUGF QP FCVC KP VJG CEEWOWNCVQT� 9G OC[ TGCF VJG UVCVWU QH VJG
KPVGTTWRV OCUM RTGXKQWUN[ UGV D[ RGTHQTOKPI C 4+/ KPUVTWEVKQP� N+VU GZGEWVKQP NQCFU KPVQ VJG
CEEWOWNCVQT VJG HQNNQYKPI KPHQTOCVKQP�

• %WTTGPV KPVGTTWRV OCUM UVCVWU HQT VJG 456 ���� ��� CPF ��� JCTFYCTG UVCVWU

• %WTTGPV KPVGTTWRV GPCDNG HNCI UVCVWU 
GZEGRV VJCV KOOGFKCVGN[ HQNNQYKPI 64#2� VJG +' HNCIU
UVCVWU RTGEGFKPI VJCV KPVGTTWRV KU NQCFGF��

• 456 ���� ��� CPF ��� KPVGTTWRV RGPFKPI
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456 ���� ��� CPF ��� CTG CNUQ UWDLGEV VQ DGKPI GPCDNGF QT FKUCDNGF� +064 456 ��� CPF 456 ���
CTG NGXGN L UGPUKVKXG� OGCPKPI VJCV VJGUG KPRWVU OC[ DG CEMPQYNGFIGF D[ VJG RTQEGUUKPI YJGP
VJG[ CTG JGNF CV C JKIJ NGXGN� 456 ��� KU GFIG UGPUKVKXG� OGCPKPI VJCV CP KPVGTPCN HNKR�HNQR KP VJG
����# TGIKUVGTU VJG QEEWTTGPEG QH CP KPVGTTWRV VJG KPUVCPV C TKUKPI GFIG CRRGCTU QP VJG 456 ���
KPRWV NKPG� 6JKU KPRWV PGGF PQV DG JGNF JKIJ� VJG HNKR�HNQR YKNN TGOCKP UGV WPVKN KV KU ENGCTGF D[ QPG
QH VJTGG RQUUKDNG CEVKQPU�

• 6JG ����# TGURQPFU VQ VJG KPVGTTWRV� CPF UGPFU CP KPVGTPCN TGUGV UKIPCN VQ VJG 456 ��� HNKR�
HNQR�

• 6JG ����#� DGHQTG TGURQPFKPI VQ VJG 456 ��� KPVGTTWRV� TGEGKXGU C 4'5'6 +0 UKIPCN HTQO
CP GZVGTPCN UQWTEG� VJKU CNUQ CEVKXCVGU VJG KPVGTPCN TGUGV�

• 6JG ����# GZGEWVGU C 5+/ KPUVTWEVKQP� YKVJ CEEWOWNCVQT DKV � RTGXKQWUN[ UGV VQ ��

6JG VJKTF V[RG QH JCTFYCTG KPVGTTWRV KU 64#2� 6JKU KPRWV KU PQV UWDLGEV VQ CP[ OCUM QT KPVGTTWRV
GPCDNGU�FKUCDNG KPUVTWEVKQP� 6JG TGEGKRV QH C RQUKVKXG�IQKPI GFIG QP VJG 64#2 KPRWV VTKIIGTU VJG
RTQEGUUQTOU JCTFYCTG KPVGTTWRV UGSWGPEG� DWV VJG RWNUG OWUV DG JGNF JKIJ WPVKN CEMPQYNGFIGF
KPVGTPCNN[�

6JG UCORNKPI QH CNN KPVGTTWRVU QEEWTU QP VJG FGUEGPFKPI GFIG QH %.-� QPG E[ENG DGHQTG VJG GPF
QH VJG KPUVTWEVKQP KP YJKEJ VJG KPVGTTWRV KPRWV KU CEVKXCVGF� 6Q DG TGEQIPKUGF� C XCNKF KPVGTTWRV
OWUV QEEWT CV NGCUV ��� PU DGHQTG UCORNKPI VKOG KP VJG ����#� 6JKU OGCPU VJCV VQ IWCTCPVGG
DGKPI TGEQIPKUGF� 456 ��� CPF ��� CPF 64#2 PGGF VQ DG JGNF QP HQT CV NGCUV �� ENQEM UVCVGU
RNWU ��� PU� CUUWOKPI VJCV VJG KPVGTTWRV OKIJV CTTKXG LWUV DCTGN[ VQQ NCVG VQ DG CEMPQYNGFIGF
FWTKPI C RCTVKEWNCT KPUVTWEVKQP� CPF VJCV VJG HQNNQYKPI KPUVTWEVKQP OKIJV DG CP ���UVCVG %#..� 6JKU
VKOKPI CUUWOGU VJCV PQ 9#+6 QT *1.& E[ENGU CTG WUGF�
+PVGTTWRV HWPEVKQPU CPF VJGKT RTKQTKVKGU CTG UJQYP KP VJG VCDNG VJCV HQNNQYU�

0COG 2TKQTKV[ #FFTGUU
��
DTCPEJGF VQ YJGP
KPVGTTWRV QEEWTU

6[RG VTKIIGT

64#2 � ��* 4KUKPI CPF JKIJ NGXGN WPVKN UCORNGF

456 ��� � �%* 4KUKPI GFIG
 NCVEJGF

456 ��� � ��* *KIJ NGXGN WPVKN UCORNGF

456 ��� � �%* *KIJ NGXGN WPVKN UCORNGF

+064 � 
�� *KIJ NGXGN WPVKN UCORNGF

016'5 �


�� +P VJG ECUG 64#2 CPF 456 �������� VJG EQPVGPVU QH VJG RTQITCO EQWPVGT CTG RWUJGF
QPVQ VJG UVCEM DGHQTG VJG DTCPEJ QEEWTU�


�� &GRGPFU QP VJG KPUVTWEVKQP VJCV KU RTQXKFGF VQ VJG ����# D[ VJG ���� QT QVJGT EKTEWKVT[
YJGP VJG KPVGTTWRV KU CEMPQYNGFIGF�

5GTKCN +PRWV CPF 1WVRWV� 6JG 5+& CPF 51& RKPU JGNR VQ OKPKOK\G EJKR EQWPV KP UOCNN U[UVGOU
D[ RTQXKFKPI HQT GCU[ KPVGTHCEG VQ C UGTKCN RQTV WUKPI UQHVYCTG HQT VKOKPI CPF HQT EQFKPI CPF
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FGEQFKPI QH VJG FCVC� 'CEJ VKOG C 4+/ KPUVTWEVKQP KU GZGEWVGF� VJG UVCVWU QH VJG 5+& RKP KU TGCF
KPVQ DKV � QH VJG CEEWOWNCVQT� +P UKOKNCT HCUJKQP� 5+/ KU WUGF VQ NCVEJ DKV � QH VJG CEEWOWNCVQT QWV
QH VJG 51& QWVRWV XKC CP KPVGTPCN HNKR�HNQR� RTQXKFKPI VJCV DKV � QH VJG CEEWOWNCVQT KU UGV VQ ��

5+& ECP CNUQ DG WUGF CU C IGPGTCN�RWTRQUG 6'56 KPRWV CPF 51& ECP UGTXG CU C QPG�DKV EQPVTQN
QWVRWV�

�����+05647%6+105���6JG HQNNQYKPI CDDTGXKCVKQPU CTG WUGF KP VJG FGUETKRVKQP QH KPUVTWEVKQP
UGV �

4GI � ���� #����� 4GIKUVGT
/GO � /GOQT[ NQECVKQP
4 � 4GIKUVGT
4U � 4GIKUVGT 5QWTEG
4F � 4GIKUVGT FGUVKPCVKQP
/ � /GOQT[
(NCIU � 5 � UKIP� < � <GTQ� #% � #WZKNKCT[ %CTT[� 2 � 2CTKV[� %[ � %CTT[

�����/+%41241%'5514�+05647%6+105�5'6�

#%+ � #FF +OOGFKCVG VQ #EEWOWNCVQT YKVJ %CTT[
6JG � DKV FCVC 
QRGTCPF� CPF VJG %CTT[ HNCI CTG CFFGF VQ VJG EQPVGPVU QH VJG
CEEWOWNCVQT� CPF TGUWNV UVQTGF KP CEEWOWNCVQT� G�I� #%+ ��*

#&% � #FF 4GIKUVGT VQ #EEWOWNCVQT YKVJ %CTT[
6JG EQPVGPVU QH VJG QRGTCPF CTG CFFGF VQ VJG EQPVGPVU QH VJG CEEWOWNCVQT CPF VJG
TGUWNV UVQTGF KP VJG CEEWOWNCVQT� '�I� #FF /�

#&+ � #FF +OOGFKCVG VQ #EEWOWNCVQT
6JG � DKV FCVC 
QRGTCPF� CTG CFFGF VQ VJG EQPVGPVU QH VJG CEEWOWNCVQT� CPF VJG TGUWNV
KU RNCEGF KP VJG CEEWOWNCVQT� '�I� #&+ ��*

#0# � .QIKECN #0& YKVJ #EEWOWNCVQT
6JG EQPVGPVU QH VJG CEEWOWNCVQT CTG NQIKECNN[ CFFGF YKVJ VJG EQPVGPVU QH VJG QRGTCPF�
CPF VJG TGUWNV RNCEGF KP VJG CEEWOWNCVQT� +H VJG QRGTCPF KU C OGOQT[ NQECVKQP� KVU
CFFTGUU KU URGEKHKGF D[ VJG EQPVGPVU QH *. TGIKUVGTU� '�I� #0# &�

#0+ � #0& KOOGFKCVG YKVJ #EEWOWNCVQT
6JG EQPVGPVU QH VJG CEEWOWNCVQT CTG NQIKECNN[ #0& YKVJ VJG � DKV FCVC CPF TGUWNV KU

RNCEGF KP VJG CEEWOWNCVQT� '�I� #0+ ��*

%#.. � 7PEQPFKVKQPCN 5WDTQWVKPG %CNN
6JG RTQITCO UGSWGPEG KU VTCPUHGTTGF VQ VJG CFFTGUU URGEKHKGF D[ VJG QRGTCPF�
$GHQTG VJG VTCPUHGT� VJG CFFTGUU QH VJG PGZV KPUVTWEVKQP VQ %#.. 
VJG EQPVGPVU QH VJG
RTQITCO EQWPVGT� KU RWUJGF QP VJG UVCEM�

%/# � %QORNGOGPV #EEWOWNCVQT
6JG EQPVGPVU QH VJG CEEWOWNCVQT CTG EQORNGOGPVGF '�I� %/#

%/% � %QORNGOGPV %CTT[
6JG %CTT[ HNCI KU EQORNGOGPVGF
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%/2 � %QORCTG YKVJ #EEWOWNCVQT
6JG EQPVGPVU QH VJG QRGTCPF 
TGIKUVGT QT OGOQT[� CTG EQORCTGF YKVJ VJG EQPVGPVU QH
VJG CEEWOWNCVQT� $QVJ EQPVGPVU CTG RTGUGTXGF CPF VJG EQORCTKUQP KU UJQYP D[
UGVVKPI VJG HNCI CU HQNNQYU �

+H 
#� � 
4GI�/GO� � %CTT[ HNCI KU UGV CPF \GTQ HNCI KU TGUGV�

+H 
#� � 
4GI�/GO� � <GTQ HNCI KU UGV CPF ECTT[ HNCI KU TGUGV�

+H 
#�  
4GI�/GO� � %CTT[ CPF <GTQ HNCIU CTG TGUGV
(NCIU 5� 2� #% CTG CNUQ OQFKHKGF KP CFFKVKQP VQ < CPF %; VQ TGHNGEV VJG TGUWNVU QH
QRGTCVKQP�

4GI � %/2 $

%2+ � %QORCTG +OOGFKCVG YKVJ #EEWOWNCVQT
6JG UGEQPF D[VG 
��DKV FCVC� KU EQORCTGF YKVJ VJG EQPVGPVU QH VJG CEEWOWNCVQT� '�I�
%2+ ��*

&#& � #FF 4GIKUVGT 2CKT VQ *CPF . 4GIKUVGTU
6JG �� DKV EQPVGPVU QH VJG URGEKHKGF TGIKUVGT RCKT CTG CFFGF VQ VJG EQPVGPVU QH VJG *.
TGIKUVGTU CPF VJG UWO KU UCXGF KP VJG *. TGIKUVGT� '�I�� &#& *�

&%4 � &GETGOGPV 5QWTEG D[ �
6JG EQPVGPVU QH VJG FGUKIPCVGF TGIKUVGT�OGOQT[ KU FQEWOGPVGF D[ � CPF VJG TGUWNVU
CTG UVQTGF KP VJG UCOG RNCEG� +H VJG QRGTCPF KU C OGOQT[ NQECVKQP� KV KU URGEKHKGF D[
VJG EQPVGPVU QH VJG *. TGIKUVGT RCKT� '�I�� &%4 $

+0 � +PRWV &CVC VQ #EEWOWNCVQT HTQO C RQTV YKVJ � DKV CFFTGUU� 6JG EQPVGPVU QH VJG KPRWV
RQTV FGUKIPCVGF KP VJG QRGTCPF CTG TGCF CPF NQCFGF KPVQ VJG CEEWOWNCVQT�

+04 � +PETGOGPV %QPVGPVU QH 4GIKUVGT�/GOQT[ D[ ��
6JG EQPVGPVU QH VJG FGUKIPCVGF TGIKUVGT�OGOQT[ CTG KPETGOGPVGF D[ � CPF VJG TGUWNVU
CTG UVQTGF KP VJG UCOG RNCEG� +H VJG QRGTCPF KU C OGOQT[ NQECVKQP� KV KU URGEKHKGF D[
VJG EQPVGPVU QH VJG *. TGIKUVGT RCKT�

+0: � +PETGOGPV 4GIKUVGT 2CKT D[ �
6JG EQPVGPVU QH VJG URGEKHKGF TGIKUVGT RCKT CTG KPETGOGPVGF D[ �� 6JG KPUVTWEVKQP XKGYU
VJG EQPVGPVU QH VJG VYQ TGIKUVGTU CU C ���DKV PWODGT� '�I�� +0: *

,/2 � ,WOR %NGCT %QPFKVKQPCNN[
6JG RTQITCO UGSWGPEG KU VTCPUHGTTGF VQ VJG OGOQT[ NQECVKQP URGEKHKGF D[ VJG ���DKV
CFFTGUU� 6JKU KU C ��D[VG KPUVTWEVKQP� VJG �

PF
D[VG URGEKHKGF VJG NQY QTFGT D[VG CPF VJG

VJKTF D[VG URGEKHKGU VJG JKIJ QTFGT D[VG�

.&# � .QCF #EEWOWNCVQT &KTGEV
6JG EQPVGPVU QH OGOQT[ NQECVKQP URGEKHKGF D[ C ���DKV CFFTGUU KP VJG QRGTCPF� CTG
EQRKGF VQ VJG #EEWOWNCVQT� 6JG EQPVGPVU QH VJG UQWTEG CTG PQV CNKIPGF� 6JKU KU C ��
D[VG KPUVTWEVKQP� VJG UGEQPF D[VG URGEKHKGU VJG NQY QTFGT CFFTGUU CPF VJG VJKTF D[VG
VJG JKIJ QTFGT CFFTGUU� '�I�� .&# ����*
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.&#: � .QCF #EEWOWNCVQT +PFKTGEV
6JG EQPVGPVU QH VJG FGUKIPCVGF TGIKUVGT RCKT RQKPV VQ OGOQT[ NQECVKQP� 6JKU KPUVTWEVKQP
EQRKGU VJG EQPVGPVU QH VJCV OGOQT[ NQECVKQP KPVQ VJG CEEWOWNCVQT� 6JG EQPVGPVU QH
GKVJGT VJG TGIKUVGT RCKT QT VJG OGOQT[ NQECVKQP CTG PQV CNVGTGF� '�I�� .&#: $

.*.& � .QCF *CPF . 4GIKUVGT &KTGEV
6JG KPUVTWEVKQP EQRKGU VJG EQPVGPVU QH VJG OGOQT[ NQECVKQP RQKPVGF QWV D[ VJG ���DKV
CFFTGUU KP TGIKUVGT � CPF EQRKGU VJG EQPVGPVU QH VJG PGZV OGOQT[ NQECVKQP KP TGIKUVGT
*� 6JG EQPVGPVU QH UQWTEG OGOQT[ NQECVKQPU CTG PQV CNVGTGF� '�I�� .*.& ����

.:� � .QCF 4GIKUVGT 2CKT +OOGFKCVG
6JG KPUVTWEVKQP NQCFU �� DKV FCVC KP VJG TGIKUVGT RCKT FGUKIPCVGF KP VJG QRGTCPF� 6JKU KU
C ��D[VG KPUVTWEVKQP� VJG UGEQPF D[VG URGEKHKGU VJG NQY QTFGT D[VG CPF VJG VJKTF D[VG
URGEKHKGU VJG JKIJ QTFGT D[VG� '�I�� .:� $� ����*�

/18 � /QXG�%QR[ HTQO UQWTEG VQ &GUVKPCVKQP�
6JG KPUVTWEVKQP EQRKGU VJG EQPVGPVU QH VJG UQWTEG TGIKUVGT KPVQ VJG FGUVKPCVKQP TGIKUVGT�
VJG EQPVGPVU QH VJG UQWTEG TGIKUVGT CTG PQV CNVGTGF� 1PG QH VJG QRGTCPFU KU C OGOQT[
NQECVKQP KV KU URGEKHKGF D[ VJG EQPVGPVU QH *. 4GIKUVGTU�

14+ � .QIKECNN[ 14 +OOGFKCVG
6JG EQPVGPVU QH VJG CEEWOWNCVQT CTG NQIKECNN[ 14GF YKVJ VJG � DKV FCVC KP VJG QRGTCPF
CPF TGUWNVU CTG RNCEGF KP VJG CEEWOWNCVQT�

176 � 1WVRWV &CVC HTQO #EEWOWNCVQT VQ C 2QTV YKVJ � DKV #FFTGUU
6JG EQPVGPVU QH VJG CEEWOWNCVQT CTG EQRKGF KPVQ VJG QWVRWV RQTV URGEKHKGF D[ VJG
QRGTCPF�

2%*. � .QCF 2TQITCO %QWPVGT YKVJ *. %QPVGPVU
6JG EQPVGPVU QH TGIKUVGTU * CPF . CTG EQRKGF KPVQ VJG RTQITCO EQWPVGT� 6JG EQPVGPVU
QH * CTG RNCEGF CU C JKIJ QTFGT D[VG CPF QH . CU C NQY QTFGT D[VG�

212 � 2QR 1HH 5VCEM VQ 4GIKUVGT 2CKT
6JG EQPVGPVU QH VJG OGOQT[ NQECVKQP RQKPVGF QWV D[ VJG UVCEM RQKPVGT TGIKUVGT CTG
EQRKGF VQ VJG NQY QTFGT TGIKUVGT 
UWEJ CU %� '� . CPF HNCIU� QH VJG QRGTCPF� 6JG UVCEM
RQKPVGT KU KPETGOGPVGF D[ � CPF VJG EQPVGPVU QH VJCV OGOQT[ NQECVKQP CTG EQRKGF VQ VJG
JKIJ QTFGT TGIKUVGT 
$� &� *� #� QH VJG QRGTCPF� 6JG UVCEM RQKPVGT TGIKUVGT KU CICKP
KPETGOGPVGF D[ ��

275* � 2WUJ TGIKUVGT RCKT QPVQ UVCEM
6JG EQPVGPVU QH VJG TGIKUVGT RCKT FGUKIPCVGF KP VJG QRGTCPF CTG EQRKGF KPVQ VJG UVCEM KP
VJG HQNNQYKPI UGSWGPEG� 6JG UVCEM RQKPVGT KU FGETGOGPVGF CPF VJG EQPVGPVU QH VJG
JKIJ QTFGT TGIKUVGT 
$� &� *� #� CTG EQRKGF KPVQ VJCV NQECVKQP� 6JG UVCEM RQKPVGT TGIKUVGT
KU FGETGOGPVGF CICKP CPF VJG EQPVGPVU QH VJG NQY QTFGT TGIKUVGT 
%� '� .� HNCIU� CTG
EQRKGF VQ VJCV NQECVKQP�

4#. � 4QVCVG #EEWOWNCVQT .GHV VJTQWIJ %CTT[
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'CEJ DKPCT[ DKV QH VJG CEEWOWNCVQT KU TQVCVGF NGHV D[ QPG RQUKVKQP VJTQWIJ VJG %CTT[
HNCI� $KV &� KU RNCEGF KP VJG DKV KP VJG %CTT[ HNCI CPF VJG %CTT[ HNCI KU RNCEGF KP VJG
NGCUV UKIPKHKECPV RQUKVKQP &Q� '�I�� 4#.

4#4 � 4QVCVG CEEWOWNCVQT 4KIJV VJTQWIJ %CTT[
'CEJ DKPCT[ DKV QH VJG CEEWOWNCVQT KU TQVCVGF TKIJV D[ QPG RQUKVKQP VJTQWIJ VJG %CTT[
HNCI CPF VJG DKV KP VJG %CTT[ HNCI KU RNCEGF KP VJG PGZV UKIPKHKECPV RQUKVKQP &�� '�I��
4#.

4.% � 4QVCVG #EEWOWNCVQT .GHV
'CEJ DKV QH VJG CEEWOWNCVQT KU TQVCVGF NGHV D[ QPG RQUKVKQP� $KV &� KU RNCEGF KP VJG
RQUKVKQP QH &� CU YGNN CU KP VJG %CTT[ HNCI�

44% � 4QVCVG #EEWOWNCVQT 4KIJV
'CEJ DKPCT[ DKV QH VJG CEEWOWNCVQT KU TQVCVGF D[ QPG RQUKVKQP� $KV &� KU RNCEGF KP VJG
RQUKVKQP QH &� CU YGNN CU KP VJG %CTT[ HNCI�

4'6 � 4GVWTP HTQO 5WDTQWVKPG VJG EQPFKVKQPCNN[
6JG RTQITCO UGSWGPEG KU VTCPUHGTTGF HTQO VJG UWDTQWVKPG VQ VJG ECNNKPI RTQITCO� 6JG
� D[VGU HTQO VJG VQR QH VJG UVCEM CTG EQRKGF KPVQ VJG RTQITCO EQWPVGT CPF VJG RTQITCO
GZGEWVKQP DGIKPU CV VJG PGY CFFTGUU� 6JG KPUVTWEVKQP KU GSWKXCNGPV VQ 212 RTQITCO
EQWPVGT�

5$+ � 5WDVTCEV +OOGFKCVG YKVJ $QTTQY
6JG � DKV FCVG 
QRGTCPF� CPF VJG DQTTQY CTG UWDVTCEVGF HTQO VJG EQPVGPVU QH VJG
CEEWOWNCVQT� CPF VJG TGUWNVU CTG RNCEGF KP VJG CEEWOWNCVQT� '�I�� 5$ + ��*

5*.& � 5VQTG *CPF . 4GIKUVGTU &KTGEV
6JG EQPVGPVU QH TGIKUVGT . CTG UVQTGF KP VJG OGOQT[ NQECVKQP URGEKHKGF D[ VJG �� DKV
CFFTGUU KP VJG QRGTCPF� CPF VJG EQPVGPVU QH * TGIKUVGT CTG UVQTGF KP VJG PGZV OGOQT[
NQECVKQP D[ KPETGOGPVKPI VJG QRGTCPF� 6JG EQPVGPVU QH TGIKUVGTU *. CTG PQV CNVGTGF�
6JKU KU C ��D[VG KPUVTWEVKQPU� VJG UGEQPF D[VG URGEKHKGU VJG NQY QTFGT CFFTGUU CPF VJG
VJKTF D[VG URGEKHKGU VJG JKIJ QTFGT CFFTGUU�

52*. � %QR[ * CPF . 4GIKUVGTU VQ VJG UVCEM 2QKPVGT
6JG KPUVTWEVKQP NQCFU VJG EQPVGPVU QH VJG * CPF . TGIKUVGTU KP VJG UVCEM RQKPVGT TGIKUVGT�
VJG EQPVGPVU QH VJG * TGIKUVGT RTQXKFG VJG JKIJ QTFGT CFFTGUU� CPF VJG EQPVGPVU QH VJG .
TGIKUVGT RTQXKFG VJG NQY QTFGT CFFTGUU� 6JG EQPVGPVU QH * CPF . TGIKUVGTU CTG PQV
CNVGTGF�

56# � 5VQTG #EEWOWNCVQT &KTGEV
6JG EQPVGPVU QH VJG CEEWOWNCVQT CTG EQRKGF VQ C OGOQT[ NQECVKQP URGEKHKGF D[ VJG
QRGTCPF� 6JKU KU C ��D[VG KPUVTWEVKQP� VJG UGEQPF D[VG URGEKHKGU VJG NQY QTFGT CFFTGUU
CPF VJG VJKTF D[VG URGEKHKGU VJG JKIJ QTFGT CFFTGUU� '�I�� 56# ����*

56#: � 5VQTG #EEWOWNCVQT +PFWEV
6JG EQPVGPVU QH VJG CEEWOWNCVQT CTG EQRKGF KPVQ VJG OGOQT[ NQECVKQP URGEKHKGF D[ VJG
EQPVGPVU QH VJG QRGTCPF 
TGIKUVGT RCKT�� 6JG EQPVGPVU QH VJG CEEWOWNCVQT CTG PQV
CNVGTGF
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56% � 5GV %CTT[
6JG %CTT[ HNCI KU UGV VQ �

57$ � 5WDVTCEV 4GIKUVGT QT /GOQT[ HTQO #EEWOWNCVQT
6JG EQPVGPVU QH VJG TGIKUVGT QT VJG OGOQT[ NQECVKQP URGEKHKGF D[ VJG QRGTCPF CTG
UWDVTCEVGF HTQO VJG EQPVGPVU QH VJG CEEWOWNCVQT� CPF VJG TGUWNVU CTG RNCEGU KP VJG
CEEWOWNCVQT� 6JG EQPVGPVU QH VJG UQWTEG CTG PQV CNVGTGF�

57+ � 5WDVTCEV +OOGFKCVG HTQO #EEWOWNCVQT
6JG � DKV FCVC 
QRGTCPF� CTG UWDVTCEVGF HTQO VJG EQPVGPVU QH VJG CEEWOWNCVQT� CPF VJG
TGUWNVU CTG RNCEGF KP VJG CEEWOWNCVQT�

:%*) � 'ZEJCPIG * CPF . YKVJ & CPF '
6JG EQPVGPVU QH TGIKUVGT * CTG GZEJCPIGF YKVJ VJG EQPVGPVU QH TGIKUVGT &� CPF VJG
EQPVGPVU QH TGIKUVGT . CTG GZEJCPIGF YKVJ VJG EQPVGPVU QH TGIKUVGT '�

:4# � 'ZENWUKXG 14 YKVJ #EEWOWNCVQT
6JG EQPVGPVU QH VJG QRGTCPF 
TGIKUVGT QT OGOQT[� CTG GZENWUKXG 14GF YKVJ EQPVGPVU QH VJG

CEEWOWNCVQT� CPF VJG TGUWNVU CTG RNCEGF KP VJG CEEWOWNCVQT� 6JG EQPVGPVU QH VJG
QRGTCPF CTG PQV CNVGTGF�

:4+ � 'ZENWUKXG 14 +OOGFKCVG YKVJ #EEWOWNCVQT
6JG � DKV FCVC 
QRGTCPF� CTG GZENWUKXG 14GF YKVJ VJG EQPVGPVU QH VJG CEEWOWNCVQT� CPF VJG

TGUWNVU CTG RNCEGF KP VJG CEEWOWNCVQT�

:6*. � 'ZEJCPIG * CPF . YKVJ 6QR QH 5VCEM
6JG EQPVGPVU QH VJG . TGIKUVGT CTG GZEJCPIGF YKVJ VJG UVCEM NQECVKQP QWV D[ VJG
EQPVGPVU QH VJG UVCEM RQKPVGT TGIKUVGT� 6JG EQPVGPVU QH VJG * TGIKUVGT CTG GZEJCPIGF
YKVJ VJG PGZV UVCEM NQECVKQP 
52��� JQYGXGT� VJG EQPVGPVU QH VJG UVCEM RQYGT CTG PQV
CNVGTGF�

016' � %CPFKFCVGU CTG PQV GZRGEVGF VQ TGOGODGT VJG KPUVTWEVKQPU UGV� 6JKU KU QPN[ HQT
TGHGTGPEG GZCORNG�

56'25 61 $' (1..19'& 61 &'8'.12 # 241)4#/ � (QT VJG UQNWVKQP QH GCEJ QH VJG
UWDUGSWGPV RTQDNGOU 
DWV KP OQTG RCTVKEWNCT HQT VJG OQTG EQORNGZ QPGU� [QW UJQWNF CNYC[U IQ
VJTQWIJ VJG HQNNQYKPI UVGRU ��

�� 7PFGTUVCPF VJG RTQDNGO�

�� (KPF VJG CNIQTKVJO 
K�G� HKPF C RTQEGFWTG VQ UQNXG VJG RTQDNGO KP UQOG ECUGU VJKU KU VTKXKCN��

�� &TCY PGCV HNQYEJCTV� (QT C EQORNGZ RTQITCO KV YKNN DG PGEGUUCT[ VQ FTCY UGXGTCN HNQY�
EJCTVU� UVCTVKPI CV VJG JKIJGT NGXGN 
K�G� YKVJ DCUKE DNQEMU� CPF TGHKPKPI KV HWTVJGT VKNN VJG NGXGN KU
TGCEJGF YJGTG KV ECP GCUKN[ DG EQPXGTVGF KPVQ C RTQITCO�

�� &GHKPG VJG OGOQT[ URCEG HQT [QWT RTQITCO VJG HQNNQYKPI 4#/ NQECVKQPU CTG CXCKNCDNG HQT VJG
WUGT ���� L ��(( 
��� $[VGU�� 6JG VQR NQECVKQPU ��%$ L ��(( CTG TGUGTXGF HQT VJG
OQPKVQT� ���� L ��(( 
��� $[VGU�� 4GHGT VQ OCPWCN HQT URGEKHKE CFFTGUU�
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� &GHKPG VJG UVCEM RQKPVGT 
G�I� ��E$��
� &GHKPG VJG %27 TGIKUVGTU WUGF HQT WRITCFKPI [QWT VGORQTCT[ FCVC� KH VJG %27 TGIKUVGTU

CTG PQV UWHHKEKGPV� ;QW UJQWNF ENGCTN[ FKUVKPIWKUJ DGVYGGP RTQITCO OGOQT[ CPF &CVC�
/GOQT[� CNVJQWIJ QP VJG MKV DQVJ JGTGKP VQ DG RJ[UKECNN[ UCOG� PCOGN[ 4#/�

� 6JG RTQITCO OGOQT[ KU WUGF HQT UVQTKPI VJG RTQITCO 
K�G� VJG KPUVTWEVKQPU� NQQM�WR
VCDNGU GVE�� HQT YJKEJ WUWCNN[ C PQP�XQNCVKNG OGOQT[ UWEJ CU 41/� KU WVKNKUGF� 6JG FCVC
OGOQT[ KU WUGF HQT UVQTKPI XCTKCDNG QT VGORQTCT[ FCVC� HQT YJKEJ RWTRQUG VJG TGCF�CPF�
YTKVG OGOQT[ 
4#/� KU PGEGUUCT[�

� &GHKPG U[ODQNU CPF NCDGNU� YJKEJ [QW YKNN WUG KP [QWT RTQITCO�

�� &GXKEG C VGUV RTQEGFWTG� *QY YKNN [QW VGUV YJGVJGT [QWT RTQITCO KU FQKPI YJCV [QW YCPV VQ
UVQR KVU GZGEWVKQP KP QTFGT VQ VGUV VJG %27 TGIKUVGTU 
K�G� UGV�DTGCM RQKPVU�! 'VE�

�� 9TKVG VJG RTQITCO 
YKVJ RGPEKN� QP C EQFKPI UJGGV 
�'FKVKPI�� 9JGPGXGT PGEGUUCT[� C
EQOOGPV UJQWNF DG IKXGP VQ OCMG VJG RTQITCO OQTG EQORTGJGPUKXG� $WV VJG EQOOGPV
UJQWNF PGXGT DG VTKXKCN IKXG C TGCUQP HQT YTKVKPI VJCV RCTVKEWNCT RTQITCO UVGR

�� %QPXGTV VJG KPUVTWEVKQPU EQFG KPVQ VJG OCEJKPG EQFG CPF RPOQPKEU�

�� .QCF VJG RTQITCO� #HVGT JCXKPI NQCFGF VJG RTQITCO KV KPCFXKUCDNG VQ EJGEM YJGVJGT CNN
EQFGU CPF FCVC JCXG DGGP GPVGTGF RTQRGTN[�

�� 'ZGEWVG CPF FGDWI VJG RTQITCO� 6JG VKOG KPXQNXGF KP FGDWIIKPI KU KPXGTUGN[ RTQRQTVKQPCN
VQ VJG VKOG [QW JCXG URGPV KP IQKPI VJTQWIJ RQKPVU � VQ �� &Q PQV HQTIGV VJCV [QWT RTQITCO
UJQWNF CNYC[U UVCTV YKVJ FGHKPKPI VJG 5VCEM�RQKPVGT� GXGP KH [QWT RTQITCO FQGU PQV WUG VJG
UVCEM� ;QW PGGF KV KP CP[ ECUG HQT VGUVKPI VJG RTQITCO KP UKPING UVGR�

��� ;QWT RTQITCO UJQWNF CNYC[U DG VGTOKPCVGF D[ C *#.6 L KPUVTWEVKQP QT WPNGUU [QW JCXG
RTQITCO QH KPHKPKVG NQQR� 6JKU YKNN RTGXGPV VJG OKETQRTQEGUUQT VQ GZGEWVG UQOG TCPFQO FCVC
DG[QPF [QWT RTQITCO� YJKEJ OKIJV CNVGT [QWT KPUVTWEVKQPU�

'ZCORNG�� � 6JG CEEWOWNCVQT EQPVCKPU FCVC D[VG ��* CPF VJG KPUVTWEVKQPU /18 %� # 
�(*� KU
HGVEJGF� 6JG UVGRU KP FGEQFKPI CPF GZGEWVKQP QH VJG KPUVTWEVKQPU YKNN DG �

�� 6JG EQPVGPVU QH VJG FCVC DWU CTG RNCEGF KP VJG KPUVTWEVKQP TGIKUVGT � FGEQFGT�
�� 6JG EQPVGPVU QH VJG CEEWOWNCVQT CTG VTCPUHGTTGF VQ VJG VGORQTCT[ TGIKUVGT KP VJG #.7
�� 6JG EQPVGPVU QH VJG VGORQTCT[ TGIKUVGT CTG VTCPUHGTTGF VQ TGIKUVGT %�

'ZCORNG�� � 9TKVG C RTQITCO VQ CFF VYQ FGEKOCN PWODGTU ���� CPF ��� VJG HKPCN CPUYGT
UJQWNF DG UVQTGF KP *�. TGIKUVGT

5QNWVKQP� (KTUV EQTTGEV VJG FGEKOCN PWODGT VQ VJG JGZCFGEKOCN PWODGTU
&GEKOCN 
���� � 
��(�� *GZ &GEKOCN 
���� � 
��$�� *GZ

/8� #� �� 
+PKVKCNKUG VJG CEEWOWNCVQT�
/8� $� ��
/8� %� (�
/8� &� ��
/8� '� $�
#&& %
#&& '
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/18 .� #
/8� #���
#&% $
#&& &
/18 *�#
*#.6

���� #FXCPEG�2TQEGUUQTU��

6JG K#2: ������ 
������ KU CP CFXCPEGF� JKIJ�RGTHQTOCPEG OKETQRTQEGUUQT YKVJ URGEKCNN[

QRVKOKUGF ECRCDKNKVKGU HQT OWNVKRNG WUGT CPF OWNVK�VCUMKPI U[UVGOU� 6JG ����� JCU DWKNV�KP�

OGOQT[ RTQVGEVKQP VJCV UWRRQTVU QRGTCVKPI U[UVGOU CPF VCUM KUQNCVKQP CU YGNN CU RTQITCO CPF

FCVC RTKXCE[ YKVJKP VCUMU� 6JG ����� KPENWFGU OGOQT[ OCPCIGOGPV ECRCDKNKVKGU VJCV OCR WRVQ

��� D[VGU 
QPG IKICD[VG� QH XKTVWCN CFFTGUU URCEG RGT VCUM KPVQ ��� D[VGU 
�� OGICD[VGU� QH

RJ[UKECN OGOQT[�

6JG K#2:��� KU WRYCTF EQORCVKDNG YKVJ K#2:�� CPF �� UQHVYCTG� 7UKPI K#2: �� TGCN CFFTGUU

OQFG� VJG ����� KU QDLGEV EQFG EQORCVKDNG YKVJ GZKUVKPI K#2:��� �� UQHVYCTG� +P RTQLGEV XKTVWCN

CFFTGUU OQFG� VJG ����� KU UQWTEG EQFG EQORCVKDNG YKVJ K#2: ��� �� UQHVYCTG CPF OC[ TGSWKTG

WRITCFKPI VQ WUG XKTVWCN CFFTGUUGU UWRRQTVGF D[ VJG �����	U KPVGITCVGF OCPCIGOGPV CPF

RTQVGEVKQP OGEJCPKUO� $QVJ OQFGU QRGTCVG CV HWNN ����� RGTHQTOCPEG CPF GZGEWVG C UWRGTUGV

QH VJG K#2: �� CPF ��	U KPUVTWEVKQPU�

6JG ����� RTQXKFGU URGEKCN QRGTCVKQPU VQ UWRRQTV VJG GHHKEKGPV KORNGOGPVCVKQP CPF GZGEWVKQP QH

QRGTCVKPI U[UVGOU� (QT GZCORNG� QPG KPUVTWEVKQP ECP GPF GZGEWVKQP QH QPG VCUM� UCXG KVU UVCVG�

UYKVEJ VQ C PGY VCUM� NQCF KVU UVCVG� CPF UVCTV GZGEWVKQP QH VJG PGY VCUM� 6JG ����� CNUQ

UWRRQTVU XKTVWCN OGOQT[ U[UVGOU D[ RTQXKFKPI C UGIOGPV�PQV�RTGUGPV GZEGRVKQP CPF TGUVCTVCDNG

KPUVTWEVKQPU�
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%QORQPGPV 2CF 8KGY � #U XKGYGF HTQO 2�%�$QCTF 8KGY�#U XKGYGF HTQO VJG
WPFGTUKFG QH EQORQPGPV YJGP OQWPVGF QP EQORQPGPV UKFG QH VJG 2�%�DQCTF
VJG DQCTF�

(KIWTG ����� 2KP %QPHKIWTCVKQP

016' � 0�%� RCFU OWUV PQV DG EQPPGEVGF�

(70%6+10#.�&'5%4+26+10

+PVTQFWEVKQP��

6JG ����� KU CP CFXCPEGF� JKIJ�RGTHQTOCPEG OKETQ�RTQEGUUQT YKVJ URGEKCNN[ QRVKOKUGF

ECRCDKNKVKGU HQT OWNVKRNG WUGT CPF OWNVK�VCUMKPI U[UVGOU� &GRGPFKPI QP VJG CRRNKECVKQP� VJG

�����	U RGTHQTOCPEG KU WRVQ UKZ VKOGU HCUVGT VJCP VJG UVCPFCTF � /*\����	U� YJKNG RTQXKFKPI

EQORNGVG WRYCTF UQHVYCTG EQORCVKDKNKV[ YKVJ +PVGN	U K#2: ��� ��� CPF ��� HCOKN[ QH %27	5�

6JG�������QRGTCVGU� KP� VYQ�OQFGU� K#2:�� TGCN CFFTGUU OQFG� $QVJ OQFGU GZGEWVG C

UWRGTUGV QH VJG K#2:�� CPF ���KPUVTWEVKQP UGV�

+P K#2:�� TGCN CFFTGUU OQFG RTQITCO WUGU TGCN CFFTGUUGU YKVJ WR VQ QPG OGICD[VG QH CFFTGUU

URCEG� 2TQITCOU WUG XKTVWCN CFFTGUUGU KP RTQVGEVGF XKTVWCN CFFTGUU OQFG� CNUQ ECNNGF RTQVGEVGF

OQFG� +P RTQVGEVGF OQFG� VJG ����� %27 CWVQOCVKECNN[ OCRU � IKICD[VG QH XKTVWCN CFFTGUUGU

RGT VCUM KPVQ C ���OGICD[VG TGCN CFFTGUU URCEG� 6JKU OQFG CNUQ RTQXKFGU OGOQT[ RTQVGEVKQP VQ

KUQNCVG VJG QRGTCVKPI U[UVGO CPF GPUWTG RTKXCE[ QH GCEJ VCUM RTQITCOU CPF FCVC� $QVJ OQFGU

RTQXKFG VJG UCOG DCUG KPUVTWEVKQP UGV TGIKUVGTU� CPF CFFTGUUKPI OQFGU�

6JG HQNNQYKPI (WPEVKQPCN &GUETKRVKQP FGUETKDGU HKTUV� VJG DCUG ����� CTEJKVGEVWTG EQOOQP VQ

DQVJ OQFGU� UGEQPF� K#2:�� TGCN CFFTGUU OQFG� CPF VJKTF� RTQVGEVGF OQFG�
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+#2:��������$#5'�#4%*+6'%674'� 6JG K#2:��� ��� ��� CPF ��� %27 HCOKN[ CNN EQPVCKP

VJG UCOG DCUKE UGV QH TGIKUVGTU� KPUVTWEVKQPU� CPF CFFTGUUKPI OQFGU� 6JG ����� RTQEGUUQT KU

WRYCTF EQORCVKDNG YKVJ VJG ����� ����� CPF ����� %27	U�

4GIKUVGT� 5GV� 6JG ������DWU CTEJKVGEVWTG JCU HKHVGGP TGIKUVGTU CU UJQYP KP HKIWTG� 6JGUG

TGIKUVGTU CTG ITQWRGF KPVQ VJG HQNNQYKPI HQWT ECVGIQTKGU�

)GPGTCN� 4GIKUVGTU� 'KIJV ���DKV IGPGTCN�RWTRQUG TGIKUVGTU WUGF VQ EQPVCKP CTKVJOGVKE CPF

NQIKECN QRGTCPFU� (QWT QH VJGUG 
#:� $:� %:� CPF &:� ECP DG WUGF GKVJGT KP VJGKT GPVKTGN[ CU ���

DKV YQTFU QT URNKV KPVQ RCKTU QH UGRCTCVG ��DKV TGIKUVGTU�

5GIOGPV 4GIKUVGTU� (QWT ���DKV URGEKCN RWTRQUG TGIKUVGTU UGNGEV� CV CP[ IKXGP VKOG� VJG

UGIOGPVU QH OGOQT[ VJCV CTG KOOGFKCVGN[ CFFTGUUCDNG HQT EQFG� UVCEM� CPF FCVC�

$CUG� CPF� +PFGZ� 4GIKUVGTU� (QWT QH VJG IGPGTCN�RWTRQUG TGIKUVGTU OC[ CNUQ DG WUGF VQ

FGVGTOKPG QHHUGV CFFTGUUGU QH QRGTCPFU KP OGOQT[� 6JGUG TGIKUVGTU OC[ EQPVCKP DCUG

CFFTGUUGU QT KPFGZGU VQ RCTVKEWNCT NQECVKQPU YKVJKP C UGIOGPV� 6JG CFFTGUUKPI OQFG

FGVGTOKPGU VJG URGEKHKE TGIKUVGTU WUGF HQT QRGTCPF CFFTGUU ECNEWNCVKQPU�

5VCVWU� CPF�%QPVTQN� 4GIKUVGTU� 6JG � ���DKV URGEKCN RWTRQUG TGIKUVGTU TGEQTF HQT EQPVTQN

EGTVCKP CURGEVU QH VJG ����� RTQEGUUQT UVCVG KPENWFKPI VJG +PUVTWEVKQP 2QKPVGT� YJKEJ EQPVCKPU

VJG QHHUGV CFFTGUU QH VJG PGZV UGSWGPVKCN KPUVTWEVKQP VQ DG GZGEWVGF�

�����

���$KV�*/15
07/'4+%�241%'5514�':6'05+10

6JG +PVGN ����� KU C JKIJ RGTHQTOCPEG PWOGTKE RTQEGUUQT GZVGPUKQP VJCV GZVGPFU VJG K#2:

������ CTEJKVGEVWTG YKVJ HNQCVKPI RQKPV� GZVGPFGF KPVGIGT CPF $%& FCVC V[RGU� 6JG K#2: ������

EQORWVKPI U[UVGO 
����� YKVJ ������ HWNN[ EQPHQTOU VQ VJG RTQRQUGF +''' (NQCVKPI�2QKPV

5VCPFCTF� 7UKPI C PWOGTKE QTKGPVGF CTEJKVGEVWTG� VJG ����� CFFU QXGT HKHV[ OPGOQPKEU VQ VJG
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K#2: ������ KPUVTWEVKQP UGV OCMKPI VJG K#2: ������ C EQORNGVG UQNWVKQP HQT JKIJ RGTHQTOCPEG

PWOGTKE RTQEGUUKPI� 6JG ����� KU KORNGOGPVGF KP 0�EJCPPGN� FGRNGVKQP NQCF� UKNKEQP ICVG

VGEJPQNQI[ 
*/15� CPF RCEMCIGF KP C ���RKP EGTCOKE RCEMCIG� 6JG K#2: ������ KU QDLGEV

EQFG EQORCVKDNG YKVJ VJG K#2: ����� CPF K#2: ������

0QVG� 0�%� /WUV PQV DG EQPPGEVGF

(KIWTG ������� $NQEM &KCITCO (KIWTG ������� 2KP %QPHKIWTCVKQP

(70%6+10#.�&'5%4+26+10

6JG ����� 0WOGTKE 2TQEGUUQT 'ZVGPUKQP 
02:� RTQXKFGU CTKVJOGVKE KPUVTWEVKQPU HQT C XCTKGV[ QH

PWOGTKE FCVC V[RGU KP K#2: ������ U[UVGO� +V CNUQ GZGEWVGU PWOGTQWU DWKNV�KP VTCPUEGPFGPVCN

HWPEVKQPU 
G�I� VCPIGPV CPF NQPI HWPEVKQPU�� 6JG ����� GZGEWVGU KPUVTWEVKQP KP RCTCNNGN YKVJ C

������ +V GHHGEVKXGN[ GZVGPFU VJG TGIKUVGT CPF KPUVTWEVKQP UGV QH CP K#2: ������ U[UVGO HQT

GZKUVKPI K#2: ��� FCVC V[RGU CPF CFFU UGXGTCN PGY FCVC V[RG CU YGNN� (KIWTG � RTGUGPVU VJG

RTQITCO XKUKDNG TGIKUVGT OQFGN QH VJG K#2: ������� 'UUGPVKCNN[� VJG ����� ECP DG VTGCVGF CU CP

CFFKVKQPCN TGUQWTEG QT CP GZVGPUKQP VQ VJG K#2: ������ VJCV ECP DG WUGF CU C UKPING WPKHKGF

U[UVGO� VJG K#2: �������

6JG ����� JCU VYQ QRGTCVKPI OQFGU UKOKNCT VQ VJG VYQ OQFGU QH VJG ������ 9JGP TGUGV� �����

KU KP VJG TGCN CFFTGUU OQFG� +V ECP DG RNCEGF KP VJG RTQVGEVGF XKTVWCN CFFTGUU OQFG D[ GZGEWVKPI

VJG 5'62/ '5% KPUVTWEVKQP� 6JG ����� ECPPQV DG UYKVEJGF DCEM VQ VJG TGCN CFFTGUU OQFG

GZEGRV D[ TGUGV� +P VJG TGCN CFFTGUU OQFG� VJG K#2: ������ KU EQORNGVGN[ UQHVYCTG EQORCVKDNG

YKVJ K#2: ������ ������

1PEG KP RTQVGEVGF OQFG� CNN TGHGTGPEGU VQ OGOQT[ HQT PWOGTKE FCVC QT UVCVWU KPHQTOCVKQP� QDG[

VJG K#2: ��� OGOQT[ OCPCIGOGPV CPF RTQVGEVKQP TWNGU IKXKPI C HWNN[ RTQVGEVGF GZVGPUKQP QH

VJG ����� %27� +P VJG RTQVGEVGF OQFG� K#2: ������ PWOGTKE UQHVYCTG KU CNUQ EQORNGVGN[

EQORCVKDNG YKVJ K#2: ����� CPF K#2: ������



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

89

4GXKGY�3WGUVKQPU

�� 9JCV KU WUG QH #UUGODNGT � %QORKNGT !

�� 9JCV FQ [QW OGCP D[ 5QWTEG RTQITCO !

�� *QY OCP[ EJCPPGNU ECP DG WUGF VJTQWIJ &/# !

�� 'ZRNCKP VJG RTQEGFWTG HQT &/# TGSWGUV !

�� 9JCV KU VJG WUG QH &/# KP 2% !

�� &TCY C VKOKPI FKCITCO HQT CP ���� DNQEM OQFG VTCPUHGT QH � D[VGU HTQO CP

+�1 FGXKEG VQ OGOQT[ !

�� 9JCV KU VJG UKIPKHKECPEG QH 5�� 5� 5KIPCNU KP ����� !

�� 9JCV CTG VYQ FKHHGTGPV OQFGU QH ����� 'ZRNCKP KP FGVCKNU !

�� 'ZRNCKP VJG WVKNKV[ QH C EQRTQEGUUQT KP 2%�#6 ! 9JCV UKIPCNU CTG KPXQNXGF VQ

KPVGTHCEG KV YKVJ %27 !
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016'5
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%JCRVGT�5KZ

%1//70+%#6+10�6*'14;

(GCVWTGU �

��� +PVTQFWEVKQP

��� %QOOWPKECVKQP 5[UVGO

��� /QFWNCVKQP

��� &GEKDGN

��� $CPFYKFVJ

��� 4CFKQ 5RGEVTWO

��� 5KIPCN VQ 0QKUG 4CVKQ

��� 4( #ORNKHKGTU



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

97

��� +PVTQFWEVKQP

+P VJKU EJCRVGT� YG YKNN UVWF[ VJG EQOOWPKECVKQP U[UVGO� 6JG NKUV QH CRRNKECVKQPU KPXQNXKPI VJG

WUG QH EQOOWPKECVKQP KP QPG QT VJG QVJGT YC[ KU CNOQUV GPFNGUU� +P VJG OQUV HWPFCOGPVCN

UGPUG� EQOOWPKECVKQP KPXQNXGU KORNKEKVN[ VJG VTCPUOKUUKQP QH KPHQTOCVKQP HTQO QPG RQKPV VQ

CPQVJGT VJTQWIJ C UWEEGUUKQP QH RTQEGUUGU�

��� %QOOWPKECVKQP 5[UVGO�

(KIWTG ��� UJQYU VJG DCUKE HWPEVKQPCN DNQEMU QH C EQOOWPKECVKQP U[UVGO �6JG QXGTCNN RWTRQUG

QH VJKU U[UVGO KU VQ VTCPUHGT KPHQTOCVKQP HTQO QPG RQKPV KP URCEG CPF VKOG� ECNNGF VJG UQWTEG� VQ

CPQVJGT RQKPV� VJG WUGT FGUVKPCVKQP �#U C TWNG� VJG OGUUCIG RTQFWEGF D[ C UQWTEG KU PQV

GNGEVTKECN� *GPEG CP KPRWV VTCPUFWEGT KU TGSWKTGF HQT EQPXGTVKPI VJG OGUUCIG VQ C VKOG XCT[KPI

GNGEVTKECN SWCPVKV[ ECNNGF C OGUUCIG UKIPCN� #V VJG FGUVKPCVKQP RQKPV� CPQVJGT VTCPUFWEGT

EQPXGTVU VJG GNGEVTKECN YCXGHQTO VQ VJG CRRTQRTKCVG OGUUCIG�

����+PRWV

5KIPCN %QOOWPKECVKQP

U[UVGO


'NGEVTKECN

9CXGHQTO�

�������1WVRWV

UKIPCN


'NGEVTKECN

9CXGHQTO�

(KI ��� #P GNGEVTKECN EQOOWPKECVKQP U[UVGO

6JG KPHQTOCVKQP UQWTEG CPF VJG FGUVKPCVKQP RQKPV CTG WUWCNN[ UGRCTCVGF KP URCEG �6JG EJCPPGN

RTQXKFGU VJG GNGEVTKECN EQPPGEVKQP DGVYGGP VJG KPHQTOCVKQP UQWTEG CPF VJG WUGT� 6JG EJCPPGN

ECP JCXG OCP[ FKHHGTGPV HQTOU UWEJ CU C OKETQYCXG TCFKQ NKPM QXGT HTGG URCEG� C RCKT QH YKTGU�

QT CP QRVKECN HKDTG� 4GICTFNGUU QH KVU V[RG� VJG EJCPPGN FGITCFGU VJG VTCPUOKVVGF UKIPCN KP C

PWODGT QH YC[U �6JG FGITCFCVKQP KU C TGUWNV QH UKIPCN FKUVQTVKQP FWG VQ KORGTHGEV TGURQPUG QH

VJG EJCPPGN CPF FWG VQ WPFGUKTCDNG GNGEVTKECN UKIPCNU 
PQKUG� CPF KPVGTHGTGPEG� 0QKUG CPF UKIPCN

FKUVQTVKQP CTG VYQ DCUKE RTQDNGOU QH GNGEVTKECN EQOOWPKECVKQP� 6JG VTCPUOKVVGT CPF VJG TGEGKXGT

KP C EQOOWPKECVKQP U[UVGO CTG ECTGHWNN[ FGUKIPGF VQ CXQKF UKIPCN FKUVQTVKQP CPF OKPKOKUG VJG

Information
source and

input
transducer

Transmitter

Electrical
communication

channel

ReceiverOutput transducer
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GHHGEVU QH PQKUG CV VJG TGEGKXGT UQ VJCV C HCKVJHWN TGRTQFWEVKQP QH VJG OGUUCIG GOKVVGF D[ VJG

UQWTEG KU RQUUKDNG�

6JG VTCPUOKVVGT EQWRNGU VJG KPRWV OGUUCIG UKIPCN VQ VJG EJCPPGN� 9JKNG KV OC[ UQOGVKOGU DG

RQUUKDNG VQ EQWRNG VJG KPRWV VTCPUFWEGT FKTGEVN[ VQ VJG EJCPPGN� KV KU QHVGP PGEGUUCT[ VQ RTQEGUU

CPF OQFKH[ VJG KPRWV UKIPCN QT GHHKEKGPV VTCPUOKUUKQP QXGT VJG EJCPPGN� 5KIPCN RTQEGUUKPI

QRGTCVKQPU RGTHQTOGF D[ VJG VTCPUOKVVGT KPENWFG CORNKHKECVKQP� HKNVGTKPI� CPF OQFWNCVKQP� 6JG

OQUV KORQTVCPV QH VJGUG QRGTCVKQPU KU OQFWNCVKQP L C RTQEGUU FGUKIPGF VQ OCVEJ VJG RTQRGTVKGU

QH VJG VTCPUOKVVGF UKIPCN VQ VJG EJCPPGN VJTQWIJ VJG WUG QH C ECTTKGT YCXG�

��� /QFWNCVKQP

/QFWNCVKQP KU VJG U[UVGOCVKE XCTKCVKQP QH UQOG CVVTKDWVG QH C ECTTKGT YCXGHQTO UWEJ CU VJG

CORNKVWFG� RJCUG� QT HTGSWGPE[ KP CEEQTFCPEG YKVJ C HWPEVKQP QH VJG OGUUCIG UKIPCN� &GURKVG

VJG OWNVKVWFG QH OQFWNCVKQP VGEJPKSWGU� KV KU RQUUKDNG VQ KFGPVKH[ VYQ DCUKE V[RGU QH OQFWNCVKQP�

VJG EQPVKPWQU ECTTKGT YCXG 
%9� OQFWNCVKQP CPF VJG RWNUG OQFWNCVKQP� +P EQPVKPWQU YCXG

ECTTKGT OQFWNCVKQP VJG ECTTKGT YCXG HQTO KU EQPVKPWQU 
WUWCNN[ C UKPWUQKFCN YCXGHQTO�� CPF C

RCTCOGVGT QH VJG RWNUG YCXGHQTO KU EJCPIGF KP RTQRQTVKQP VQ VJG OGUUCIG UKIPCN� +P DQVJ ECUGU

VJG ECTTKGT CVVTKDWVG ECP DG EJCPIGF KP EQPVKPWQU QT FKUETGVG HCUJKQP�

/QFWNCVKQP KU WUGF KP EQOOWPKECVKQP U[UVGOU HQT OCVEJKPI UKIPCN EJCTCEVGTKUVKEU VQ EJCPPGN

EJCTCEVGTKUVKEU� HQT TGFWEKPI PQKUG CPF KPVGTHGTGPEG� HQT UKOWNVCPGQWUN[ VTCPUOKVVKPI UGXGTCN

UKIPCNU QXGT C UKPING EJCPPGN� CPF HQT QXGTEQOKPI UQOG GSWKROGPV NKOKVCVKQPU �6JG UWEEGUU QH

C EQOOWPKECVKQP U[UVGO FGRGPFU VQ C NCTIG GZVGPV QP VJG OQFWNCVKQP�

6JG OCKP HWPEVKQP QH VJG TGEGKXGT KU VQ GZVTCEV VJG KPRWV OGUUCIG UKIPCN HTQO VJG FGITCFGF

XGTUKQP QH VJG VTCPUOKVVGF UKIPCN EQOKPI HTQO VJG EJCPPGN �6JG TGEGKXGT RGTHQTOU VJKU HWPEVKQP

VJTQWIJ VJG RTQEGUU QH FGOQFWNCVKQP� VJG TGXGTUG QH VJG VTCPUOKVVGTOU OQFWNCVKQP RTQEGUU�

$GECWUG QH VJG RTGUGPEG QH PQKUG CPF QVJGT UKIPCN FGITCFCVKQPU� VJG TGEGKXGT ECPPQV TGEQXGT

VJG OGUUCIG UKIPCN RGTHGEVN[� +P CFFKVKQP VQ FGOQFWNCVKQP� VJG TGEGKXGT WUWCNN[ RTQXKFGU

CORNKHKECVKQP CPF HKNVGTKPI�

$CUGF QP VJG V[RG QH OQFWNCVKQP UEJGOG WUGF CPF VJG PCVWTG QH VJG QWVRWV QH VJG KPHQTOCVKQP

UQWTEG� YG ECP FKXKFG EQOOWPKECVKQP U[UVGOU KPVQ VJTGG ECVGIQTKGU�

�� #PCNQIWG EQOOWPKECVKQP U[UVGOU FGUKIPGF VQ VTCPUOKV CPCNQIWG KPHQTOCVKQP WUKPI

CPCNQIWG OQFWNCVKQP OGVJQFU�

�� &KIKVCN EQOOWPKECVKQP U[UVGOU FGUKIPGF HQT VTCPUOKVVKPI FKIKVCN KPHQTOCVKQP WUKPI FKIKVCN

OQFWNCVKQP UEJGOGU CPF

�� *[DTKF U[UVGOU VJCV WUG FKIKVCN OQFWNCVKQP UEJGOGU HQT VTCPUOKVVKPI UCORNGF CPF

SWCPVK\GF XCNWGU QH CP CPCNQIWG OGUUCIG UKIPCN�
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1VJGT YC[U QH ECVGIQTKUKPI EQOOWPKECVKQP U[UVGOU KPENWFG VJG ENCUUKHKECVKQP DCUGF QP VJG

HTGSWGPE[ QH VJG ECTTKGT CPF VJG PCVWTG QH VJG EQOOWPKECVKQP EJCPPGN�

��� &GEKDGN

+P OCP[ RTQDNGOU KV KU HQWPF XGT[ EQPXGPKGPV VQ EQORCTG VYQ RQYGTU QP C NQICTKVJOKE UECNG
TCVJGT VJCP QP C NKPGCT UECNG� 6JG VGNGRJQPG KPFWUVT[ RTQRQUGF C NQICTKVJOKE WPKV� PCOGF DGN
CHVGT #NGZCPFGT )TCJCO $GNN� 6JG PWODGT QH DGNU D[ YJKEJ C RQYGT 2� GZEGGFU C RQYGT 2� KU
FGHKPGF CU

2�

0WODGT QH DGNU � NQI��
2�

(QT RTCEVKECN RWTRQUGU KV JCU DGGP HQWPF VJCV VJG WPKV DGN KU SWKVG NCTIG� #PQVJGT WPKV� QPG VGPVJ
CU NCTIG� KU OQTG EQPXGPKGPV� 6JKU UOCNNGT WPKV KU ECNNGF VJG FGEKDGN 
CDDTGXKCVGF CU F$�� CPF
UKPEG QPG FGEKDGN KU QPG VGPVJ QH C DGN� YG JCXG

2�

0WODGT QH &D � �� ✕ 0WODGT QH DGNU � �� NQI��
2�

0QVG VJCV VJG WPKV F$ FGPQVGU C RQYGT TCVKQ� 6JGTGHQTG� VJG URGEKHKECVKQP QH C EGTVCKP RQYGT KP
F$ KU OGCPKPINGUU WPNGUU C UVCPFCTF TGHGTGPEG NGXGN KU GKVJGT KORNKGF QT KU UVCVGF GZRNKEKVN[� +P
EQOOWPKECVKQP CRRNKECVKQPU� WUWCNN[ �O9 QT �O9 KU VCMGP CU UVCPFCTF TGHGTGPEG NGXGN� 9JGP
� O9 KU VCMGP CU TGHGTGPEG� VJG WPKV F$ KU QHVGP TGHGTTGF VQ CU F$O� # PGICVKXG XCNWG QH PWODGT
QH F$ OGCPU VJCV VJG RQYGT 2� KU NGUU VJCP VJG TGHGTGPEG RQYGT 2��

(QT CP CORNKHKGT� 2� OC[ TGRTGUGPV VJG KPRWV RQYGT CPF 2� VJG QWVRWV RQYGT� +H 8� CPF 8� CTG
VJG KPRWV CPF QWVRWV XQNVCIGU QH VJG CORNKHKGT� VJGP

8�

�

2� �
4K

8�

�

#PF 2� �
4Q

9JGTG 4K CPF 4Q CTG VJG KPRWV CPF QWVRWV KORGFCPEG QH VJG CORNKHKGT� 6JGP

8�

�
�4Q

0WODGT QH F$��� NQI��
8�

�
�4K

+P ECUG VJG KPRWV CPF QWVRWV KORGFCPEG QH VJG CORNKHKGT CTG GSWCN K�G 4K�4Q�4�VJGP
8�

�

8��

�

0WODGT QH F$ � �� NQI�� ��� NQI��
8�

�

8��

�
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8� 8�

� ��✕� NQI�� � �� NQI��
8� 8�

+P IGPGTCN� VJG KPRWV CPF QWVRWV KORGFCPEG CTG PQV CNYC[U GSWCN� $WV VJG GZRTGUUKQP KU CFQRVGF
CU C EQXGPKGPV FGHKPKVKQP QH VJG FGEKDGN XQNVCIG ICKP QH CP CORNKHKGT� TGICTFNGUU QH VJG
OCIPKVWFGU QH VJG KPRWV CPF QWVRWV KORGFCPEG�

#U CP GZCORNG KH VJG XQNVCIG ICKP QH CP CORNKHKGT KU ���KV ECP DG FGPQVGF QP VJG F$ UECNG CU
8�

)CKP KP F$��� NQI�� � ��NQI����
8�

���✕� � �� F$

9J[ F$ KU WUGF

;QW OC[ YQPFGT YJ[ YG WUG C NQICTKVJOKE UECNG VQ FGPQVG XQNVCIG QT RQYGT ICKPU� KPUVGCF QH
WUKPI VJG UKORNGT NKPGCT UECNG� +V RGTOKVU WU VQ FGPQVG� DQVJ XGT[ UOCNN CU YGNN CU XGT[ NCTIG�
SWCPVKVKGU QH NKPGCT UECNG D[ EQPXGPKGPVN[ UOCNN HKIWTGU� 6JWU C XQNVCIG ICKP QH �������� OC[ DG
TGRTGUGPVGF CU C XQNVCIG ICKP QH L��� F$� QT C XQNVCIG NQUU QH ��� F$� 5KOKNCTN[� C RQYGT ICKP
QH ������ KU UKORN[ ����� QP VJG NQICTKVJOKE UECNG�

��� $#0&9+&6*

6JG DCPFYKFVJ QH C UKIPCN RTQXKFGU C OGCUWTG QH VJG GZVGPV QH UKIPKHKECPV URGEVTCN EQPVGPV QH VJG

UKIPCN HQT RQUKVKXG HTGSWGPEKGU� 9JGP VJG UKIPCN KU UVTKEVN[ DCPF NKOKVGF� VJG DCPFYKFVJ KU YGNN

FGHKPGF� 6JGTG KU PQ WPKXGTUCNN[ CEEGRVGF FGHKPKVKQP QH DCPFYKFVJ�

6JG HTGSWGPE[ URGEVTWO KU UJCTGF D[ OCP[ WUGTU� 6JGTGHQTG HTGSWGPE[ EJCPPGNU OWUV JCXG

NKOKVGF DCPFYKFVJ UQ VJCV VJGKT UKIPKHKECPV HTGSWGPE[ EQORQPGPVU CTG URTGCF QXGT C TCPIG QH

HTGSWGPEKGU YJKEJ KU UOCNN EQORCTGF VQ VJG ECTTKGT HTGSWGPEKGU� 6JGTG CTG UGXGTCN FGHKPKVKQPU QH

DCPFYKFVJ VJCV CTG QHVGP GPEQWPVGTGF� # XGT[ EQOOQP FGHKPKVKQP CTKUGU HTQO VJG FGUKIP QH HKNVGTU

QT VJG OGCUWTGOGPV QH UGNGEVKXKV[ KP C TGEGKXGT� +P VJKU ECUG VJG DCPFYKFVJ KU FGUETKDGF CU VJG

FKHHGTGPEG DGVYGGP VJG VYQ HTGSWGPEKGU CV YJKEJ VJG RQYGT URGEVTWO FGPUKV[ KU C EGTVCKP

HTCEVKQP DGNQY VJG EGPVTG HTGSWGPE[� YJGP VJG HKNVGT JCU DGGP GZEKVGF�

#PQVJGT DCPFYKFVJ VJCV KU QHVGP GPEQWPVGTGF� GURGEKCNN[ KP TGEGKXGT FGUKIP� KU VJG PQKUG

DCPFYKFVJ� 6JKU KU FGHKPGF CU VJG DCPFYKFVJ YJKEJ� YJGP OWNVKRNKGF D[ VJG EGPVTG HTGSWGPE[

FGPUKV[� YQWNF RTQFWEG VJG UCOG VQVCN RQYGT CU VJG QWVRWV QH VJG HKNVGT QT TGEGKXGT�

��� 6JG 4CFKQ 5RGEVTWO

6JG GNGEVTQOCIPGVKE URGEVTWO KU QPG QH QWT KTTGRNCEGCDNG PCVWTCN TGUQWTEGU� QPEG HKNNGF YKVJ
WUGU� KV ECPPQV DG GZRCPFGF� 9G JCXG VQWEJGF QP YC[U VQ DGVVGT WVKNK\G VJKU URGEVTWO KP QWT
FKUEWUUKQPU QH GHHKEKGPV WUG QH DCPFYKFVJ VJTQWIJ UJCTRGPKPI VJG DQWPFCTKGU DGVYGGP
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HTGSWGPE[�OWNVKRNGZGF EJCPPGNU CPF VJG WUG QH VKOG FKXKUKQP OWNVKRNGZKPI� 6JG TGCUQP YG PGGF
VQ WUG VJGUG DCPFYKFVJ EQPUGTXCVKQP VGEJPKSWGU KU VJCV VJG RQTVKQP QH VJG URGEVTWO YG ECP WUG
HQT DTQCFECUVKPI KU� YJGP EQORCTGF VQ VJG GPVKTG URGEVTWO� SWKVG UOCNN� CU UJQYP KP 6CDNG ����
+V TCPIGU HTQO XGT[ NQY HTGSWGPEKGU QH C HGY MKNQJGTV\ CPF YCXGNGPIVJU QH UGXGTCN MKNQOGVGTU WR
VQ ��� IKICJGTV\ 
DKNNKQPU QH E[ENGU RGT UGEQPF� CV YJKEJ RQKPV TCFKQ OKETQYCXGU OQXG KPVQ VJG
HCT KPHTCTGF� 
+P VJKU EQPVGZV� YG WUG VJG VGTO TCFKQ VQ GPEQORCUU CNN HQTOU QH YKTGNGUU
EQOOWPKECVKQP� KPENWFKPI VGNGXKUKQP� TCFKQ DTQCFECUVKPI� CPF VGNGRJQPG ECNNU UGPV D[ OKETQYCXG
TCFKQ CPF UCVGNNKVG�

4CFKQ YCXGU ECP VTCXGN QP QT PGCT VJG ITQWPF 
VJG ITQWPF CPF FKTGEV YCXGU�� QT VJG[ ECP VTCXGN
WRYCTF UQOG JWPFTGFU QH MKNQOGVGTU YJGTG VJG[ CTG UGPV QT TGHNGEVGF D[ C DCPF QH KQPK\GF
RCTVKENGU VTCRRGF KP URCEG� VJG KQPQURJGTG� CPF DQWPEGF DCEM VQ GCTVJ UQOG FKUVCPEG CYC[�
6JGUG CTG VJG UM[YCXGU KP HKI� ���� 6JG FKTGEV YCXGU OC[ VTCXGN KP UVTCKIJV NKPGU QT NKPG�QH�UKIJV
DGVYGGP CPVGPPC QXGT UJQTV FKUVCPEGU� WUWCNN[ PQV OQTG VJCP ��� MKNQOGVGTU� QT CU ITQWPF
YCXGU TGHNGEVGF QHH VJG ITQWPF KP QTFGT VQ TGCEJ VJG TGEGKXKPI CPVGPPC�

(TGSWGPE[
KP *GTV\

9CXGNGPIVJ KP /GVGTU &GUKIPCVKQP

��
�

��
�

'ZVTGOGN[ .QY (TGSWGPE[ 
'.(�

��
�

��
�

8QKEG (TGSWGPE[ 
8(�

��
�

��
�

8GT[ .QY (TGSWGPE[ 
8.(�

��
�

��
�

.QY (TGSWGPE[ 
.(�

��
�

��
�

/GFKWO (TGSWGPE[ 
/(�

��
�

��
�

*KIJ (TGSWGPE[ 
*(�

��
�

��
�

8GT[ *KIJ (TGSWGPE[ 
8*(�

��
�

��
�

��� 7NVTC *KIJ (TGSWGPE[ 
7*(�

��
�

��
��

5WRGT *KIJ (TGSWGPE[ 
5*(�

��
��

��
��

'ZVTGOGN[ *KIJ (TGSWGPE[ 
'*(�

��
��

��
��

$CPF 0Q� ��

��
��

��
��

6CDNG ���

2WTKUVU YKNN CFF VJCV TCFKQ YCXGU CNUQ ECP VTCXGN VJTQWIJ VJG GCTVJ D[ YC[ QH VJG TQEM UVTCVC��
*KIJGT HTGSWGPE[ UKIPCNU� VJQUG KP VJG XGT[ JKIJ HTGSWGPE[ TCPIG 
8*(� CPF 7NVTC *KIJ
(TGSWGPE[ 
7*(� VTCXGN DGVYGGP CPVGPPC FKTGEVN[� QT D[ NKPG�QH�UKIJV�
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*QY VJKU TCFKQ URGEVTWO KU WVKNK\GF KU IQXGTPGF D[ VJG RJ[UKEU QH TCFKQ YCXG RTQRCICVKQP CU LWUV
FGUETKDGF CPF D[ VJG RTCEVKECN NKOKVU QH EQOOWPKECVKQPU GPIKPGGTKPI FGUKIP� .GV WU EQPUKFGT LWUV
YJCV KU VCMKPI RNCEG YJGP [QW UKV QP VJG DGCEJ YKVJ [QWT RQTVCDNG TCFKQ NKUVGPKPI VQ VJG
DCNNICOG� 6JG URQTVUECUVGT KP VJG DQQVJ QXGTNQQMKPI VJG

(KI ���

HKGNF KU UJQWVKPI VJG RNC[�D[�RNC[ KPVQ VJG OKETQRJQPG� YJKEJ VTCPUHQTOU JKU XQKEG KPVQ GNGEVTKECN
UKIPCNU� OWEJ CU VJG OKETQRJQPG KP VJG VGNGRJQPG JCPFUGV FQGU� 6JGUG UKIPCNU CTG ECTTKGF D[
ECDNG HTQO VJG TCPIG QH HTGSWGPEKGU QH VJG EQORQPGPV UKPWUQKFCN UKIPCNU WUGF VQ EQORQUG VJG
XQKEG UKIPCN�KP QVJGT YQTFU� VJG FKHHGTGPEG DGVYGGP VJG JKIJGUV CPF NQYGUV HTGSWGPE[ WUGF L KU
ECNNGF VJG DCPFYKFVJ QH VJG UKIPCN�

$CPFYKFVJ KU CP GZVTGOGN[ KORQTVCPV EJCTCEVGTKUVKE DGECWUG VJG EQUV QH C UKIPCNOU VTCPUOKUUKQP
FGRGPFU HWPFCOGPVCNN[ QP KVU DCPFYKFVJ� )GPGTCNN[ URGCMKPI� JKIJGT DCPFYKFVJ UKIPCNU EQUV
OQTG VQ VTCPUOKV� $GECWUG DCPFYKFVJ KU VJG FKHHGTGPEG DGVYGGP VJG E[ENGU RGT UGEQPF QH VJG
JKIJGUV HTGSWGPE[ CPF VJCV QH VJG NQYGUV HTGSWGPE[ OCMKPI WR VJG UKIPCN� KV KU CNUQ OGCUWTGF KP
E[ENGU RGT UGEQPF� +P JQPQT QH *GKPTKEJ *GTV\� YJQ RTQFWEGF VJG GNGEVTQOCIPGVKE YCXGU CDQWV
YJKEJ %NGTM /CZYGNN VJGQTK\GF� YG PQY ECNN C E[ENG RGT UGEQPF C JGTV\� 6QFC[OU HTGSWGPEKGU CTG
IGVVKPI JKIJGT CPF JKIJGT CPF DCPFYKFVJU CTG IGVVKPI DTQCFGT UQ [QW YKNN DG TGCFKPI CPF VCNMKPI
CDQWV MKNQJGTV\ 
M*\� QT ���� E[ENGU RGT UGEQPF� OGICJGTV\ 
/*\� QT ��������� E[ENGU RGT
UGEQPF� CPF IKICJGTV\ 
)*\� QT ������������� E[ENGU RGT UGEQPF�

*GTG CTG DCPFYKFVJU HQT UQOG EQOOQP UKIPCN VTCPUOKUUKQP U[UVGOU YG JCXG DGGP VCNMKPI
CDQWV�

6GNGITCRJ �� JGTV\
6GNGRJQPG ���� JGTV\
*K�(K�/WUKE ������ JGTV\
%QNQT 6GNGXKUKQP ��������� JGTV\

&KHHGTGPV EQOOWPKECVKQP EJCPPGNU VTCPUOKV UKIPCNU DGUV CV FKHHGTGPV HTGSWGPEKGU� VJG[ JCXG
FKHHGTGPV DCPFYKFVJ ECRCEKVKGU� %QPUKFGT VJG UKORNGUV EJCPPGN QH CNN VJG CKT URCEG DGVYGGP VYQ
RGQRNG URGCMKPI VQ QPG CPQVJGT� 6JG ECP WPFGTUVCPF GCEJ QVJGT KH VJG[ JGCT QPG CPQVJGT CV VJG
PQTOCN HQTOGF YJGP YG URGCM� 9G ECP GZVGPF VJG FKUVCPEG DGVYGGP VJG RCTVKGU URGCMKPI D[
WUKPI NQWFURGCMGT U[UVGOU YJKEJ ECP DG GKVJGT OGEJCPKECN 
OGICRJQPG� QT GNGEVTKECN 
CP
CORNKHKECVKQP U[UVGO�� $WV KH YG YCPV VQ VTCPUOKV URGGEJ QXGT XGT[ NQPI FKUVCPEGU C EJCPPGN QT
VTCPUOKUUKQP OQFG DGVVGT UWKVGF HQT VJG NQPI�FKUVCPEG VTCPUOKUUKQP QH URGGEJ QT CP[ QVJGT
UKIPCNU EQPVCKPKPI KPHQTOCVKQP KU TGSWKTGF�
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��� 5+)0#.�61�01+5' 4#6+1

%QOOWPKECVKQP TGEGKXGTU CTG TGSWKTGF VQ TGEGKXG CPF RTQEGUU C YKFG TCPIG QH UKIPCN RQYGTU�
DWV KP OQUV ECUGU KV KU KORQTVCPV VJCV VJG[ DG ECRCDNG QH TGEGKXKPI FKUVCPV UKIPCNU YJQUG RQYGT
JCU DGGP CVVGPWCVGF DKNNKQPU QH VKOG FWTKPI VTCPUOKUUKQP� 6JG GZVGPV VQ YJKEJ UWEJ UKIPCNU ECP
DG TGEGKXGF WUGHWNN[ KU FGVGTOKPGF D[ VJG PQKUG NGXGNU TGEGKXGF D[ VJG CPVGPPC CPF VJQUG
IGPGTCVGF YKVJKP VJG TGEGKXGT� +V KU CNUQ PGEGUUCT[ VJCV VJG TGEGKXGT RTQFWEG C NGXGN QH QWVRWV
RQYGT UWKVCDNG HQT VJG CRRNKECVKQP �6JG TCVKQ QH VJG QWVRWV RQYGT QH C FGXKEG VQ VJG KPRWV RQYGT KU
MPQYP CU VJG ICKP�

9JGP VJG ICKP KU UWHHKEKGPVN[ JKIJ� VJG YGCMGUV UKIPCN RQYGT VJCV OC[ DG RTQEGUUGF
UCVKUHCEVQTKN[ KU PQKUG NKOKVGF� 6JKU UKIPCN NGXGN KU TGHGTTGF VQ CU VJG UGPUKVKXKV[ QH VJG U[UVGO CV C
RCTVKEWNCT VKOG CPF XCTKGU FGRGPFKPI QP VJG GZVGTPCN PQKUG NGXGN� +V KU RQUUKDNG KP UQOG U[UVGOU
HQT VJG GZVGTPCN PQKUG VQ HCNN UWHHKEKGPVN[ UQ VJCV VJG U[UVGO UGPUKVKXKV[ KU GUVCDNKUJGF D[ VJG
KPVGTPCN PQKUG QH VJG TGEGKXGT�

6Q ECTT[ QWV VJG PQKUG CPCN[UKU QH CPCNQI OQFWNCVKQP U[UVGOU� YG QDXKQWUN[ PGGF C ETKVGTKQP
VJCV FGUETKDGU KP C OGCPKPIHWN YC[ VJG PQKUG RGTHQTOCPEG QH VJG U[UVGO WPFGT UVWF[� +P VJG
ECUG QH CPCNQI OQFWNCVKQP U[UVGOU� VJG EWUVQOCT[ RTCEVKEG KU VQ WUG VJG QWVRWV UKIPCN�VQ�PQKUG
TCVKQ CU CP KPVWKVKXG OGCUWTG HQT FGUETKDKPI VJG HKFGNKV[ YKVJ YJKEJ VJG FGOQFWNCVKQP RTQEGUU KP
VJG TGEGKXGT TGEQXGTU VJG QTKIKPCN OGUUCIG HTQO VJG TGEGKXGF OQFWNCVGF UKIPCN KP VJG RTGUGPEG
QH PQKUG� 1WVRWV UKIPCN�VQ�PQKUG TCVKQ KU FGHKPGF CU VJG TCVKQ QH VJG CXGTCIG RQYGT QH VJG
OGUUCIG UKIPCN VQ VJG CXGTCIG RQYGT QH VJG PQKUG� DQVJ OGCUWTGF CV VJG TGEGKXGT QWVRWV� .GV

504�Q FGPQVG VJG QWVRWV UKIPCN�VQ�PQKUG TCVKQ� GZRTGUUGF CU �

#XGTCIG RQYGT QH OGUUCIG UKIPCN CV VJG TGEGKXG QWVRWV

504�� �

#XGTCIG RQYGT QH PQKUG CV VJG TGEGKXGT QWVRWV

6JG QWVRWV UKIPCN�VQ�PQKUG TCVKQ KU WPCODKIWQWU CU NQPI CU VJG TGEQXGTGF OGUUCIG CPF PQKUG CV
VJG FGOQFWNCVQT QWVRWV CTG CFFKVKXG� 6JKU TGSWKTGOGPV KU UCVKUHKGF GZCEVN[ KP VJG ECUG QH NKPGCT
TGEGKXGTU WUKPI EQJGTGPV FGVGEVKQP� CPF CRRTQZKOCVGN[ KP VJG ECUG QH PQPNKPGCT TGEGKXGTU 
G�I�
WUKPI GPXGNQRG FGVGEVKQP QT HTGSWGPE[ FKUETKOKPCVKQP� RTQXKFGF VJCV VJG CXGTCIG KPRWV PQKUG
RQYGT KU UOCNN EQORCTGF YKVJ VJG CXGTCIG ECTTKGT RQYGT�

6JG ECNEWNCVKQP QH VJG QWVRWV UKIPCN�VQ�PQKUG 
504�Q KPXQNXGU VJG WUG QH CP KFGCNK\GF TGEGKXGT
OQFGN� VJG FGVCKNU QH YJKEJ PCVWTCNN[ FGRGPF QP VJG EJCPPGN PQKUG CPF VJG V[RG QH FGOQFWNCVKQP
WUGF KP VJG TGEGKXGT� (QT VJG RTGUGPV� YG YKUJ VQ RQKPV QWV VJCV MPQYNGFIG QH 
504�Q D[ KVUGNH
OC[ DG KPUWHHKEKGPV� RCTVKEWNCTN[ YJGP YG JCXG VQ EQORCTG VJG QWVRWV UKIPCN�VQ�PQKUG TCVKQU QH
FKHHGTGPV CPCNQI OQFWNCVKQP � FGOQFWNCVKQP U[UVGOU� +P QTFGT VQ OCMG UWEJ C EQORCTKUQP
OGCPKPIHWN� YG KPVTQFWEG VJG KFGC QH C DCUG DCPF VTCPUOKUUKQP OQFGN� CU FGRKEVGF KP HKI� ���� +P
VJKU OQFGN� VYQ CUUWORVKQPU CTG OCFG�

�� 6JG VTCPUOKVVGF QT OQFWNCVGF OGUUCIG UKIPCN RQYGT KU HKZGF�

�� 6JG DCUGDCPF NQY�RCUU HKNVGT RCUUGU VJG OGUUCIG UKIPCN� CPF TGLGEVU QWV�QH�DCPF PQKUG�
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/GUUCIG UKIPCN YKVJ

6JG UCOG RQYGT CU VJG Σ
1WVRWV
/QFWNCVGF YCXG

%JCPPGN PQKUG

(KIWTG ���� 6JG DCUGDCPF VTCPUOKUUKQP QH C OGUUCIG UKIPCN HQT
ECNEWNCVKPI VJG EJCPPGN UKIPCN�VQ�PQKUG TCVKQ�

#EEQTFKPIN[� YG OC[ FGHKPG VJG EJCPPGN UKIPCN�VQ�PQKUG TCVKQ� TGHGTTGF VQ VJG TGEGKXGT KPRWV CU

#XGTCIG RQYGT QH VJG OQFWNCVGF OGUUCIG UKIPCN

504�� �

#XGTCIG RQYGT QH PQKUG OGCUWTGF KP VJG OGUUCIG DCPFYKFVJ

6JKU TCVKQ KU KPFGRGPFGPV QH VJG V[RG QH OQFWNCVKQP QT FGOQFWNCVKQP WUGF� 6JG EJCPPGN UKIPCN�
VQ�PQKUG TCVKQ OC[ DG XKGYGF CU C HTCOG QH TGHGTGPEG HQT EQORCTKPI FKHHGTGPV OQFWNCVKQP
U[UVGOU� 5RGEKHKECNN[� YG OC[ PQTOCNK\G VJG PQKUG RGTHQTOCPEG QH C URGEKHKE OQFWNCVKQP�
FGOQFWNCVKQP U[UVGO D[ FKXKFKPI VJG QWVRWV UKIPCN�VQ�PQKUG TCVKQ QH VJG U[UVGO D[ VJG EJCPPGN
UKIPCN�VQ�PQKUG TCVKQ� 9G OC[ VJWU FGHKPG C HKIWTG QH OGTKV HQT VJG U[UVGO CU �


504��
(KIWTG QH OGTKV �


504�E

%NGCTN[� VJG JKIJGT VJG XCNWG VJCV VJG HKIWTG QH OGTKV JCU� VJG DGVVGT VJG PQKUG RGTHQTOCPEG QH VJG
TGEGKXGT�

��� 4( 5'%6+105 #0& %*#4#%6'4+56+%5

# TCFKQ TGEGKXGT CNYC[U JCU CP 4( UGEVKQP� YJKEJ KU C VWPCDNG EKTEWKV EQPPGEVGF VQ VJG CPVGPPC
VGTOKPCNU� +V KU VJGTG VQ UGNGEV VJG YCPVGF HTGSWGPE[ CPF TGLGEV UQOG QH VJG WPYCPVGF
HTGSWGPEKGU� *QYGXGT� UWEJ C TGEGKXGT PGGF PQV JCXG C 4( CORNKHKGT HQNNQYKPI VJKU VWPGF EKTEWKV�
+H VJGTG KU CP CORNKHKGT� KVU QWVRWV KU HGF VQ VJG OKZGT� CV YJQUG KPRWV CPQVJGT VWPCDNG EKTEWKV KU
RTGUGPV� +P OCP[ KPUVCPEGU� JQYGXGT� VJG VWPGF EKTEWKV EQPPGEVGF VQ VJG CPVGPPC KU VJG CEVWCN
KPRWV EKTEWKV QH VJG OKZGT� VJG TGEGKXGT KU VJGP UCKF VQ JCXG PQ 4( CORNKHKGT QT� OQTG UKORN[� PQ
4( UVCIG�

4GCUQPU HQT WUG CPF HWPEVKQPU QH 4( #ORNKHKGT� 6JG TGEGKXGT JCXKPI CP 4( UVCIG KU
WPFQWDVGFN[ UWRGTKQT KP RGTHQTOCPEG VQ VJG TGEGKXGT YKVJQWV QPG� CNN GNUG DGKPI GSWCN� 1PG VJG
QVJGT JCPF� VJGTG CTG UQOG KPUVCPEGU KP YJKEJ CP 4( CORNKHKGT KU WPGEQPQOKECN� K�G�� YJGTG KVU
KPENWUKQP YQWNF KPETGCUG VJG EQUV QH VJG TGEGKXGT UKIPKHKECPVN[ YJKNG KORTQXKPI RGTHQTOCPEG QPN[
OCTIKPCNN[� 6JG DGUV GZCORNG QH VJKU MKPF QH TGEGKXGT KU C FQOGUVKE QPG WUGF KP C JKIJ�UKIPCN�
UVTGPIVJ CTGC� UWEJ CU VJG OGVTQRQNKVCP CTGC QH CP[ NCTIG EKV[�

Low-pass filter of
bandwidth equal
to the message
bandwidth
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6JG CFXCPVCIGU QH JCXKPI CP 4( CORNKHKGT CTG CU HQNNQYU 
TGCUQPU ��� CTG GKVJGT OQTG
URGEKCNK\GF QT NGUU KORQTVCPV�

�� )TGCVGT ICKP K�G� DGVVGT UGPUKVKXKV[
�� +ORTQXGF KOCIG�HTGSWGPE[ TGLGEVKQP
�� +ORTQXGF UKIPCN�VQ�PQKUG TCVKQ
�� +ORTQXGF TGLGEVKQP QH CFLCEGPV WPYCPVGF UKIPCNU� K�G� DGVVGT UGNGEVKXKV[
�� $GVVGT EQWRNKPI QH VJG TGEGKXGT VQ VJG CPVGPPC 
KORQTVCPV CV 8*( CPF CDQXG�
�� 2TGXGPVKQP QH URWTKQWU HTGSWGPEKGU HTQO GPVGTKPI VJG OKZGT CPF JGVGTQF[PKPI VJGTG VQ

RTQFWEG CP KPVGTHGTKPI HTGSWGPE[ GSWCN VQ VJG +( HTQO VJG FGUKTGF UKIPCN�
�� 2TGXGPVKQP QH TGTCFKCVKQP QH VJG NQECN QUEKNNCVQT VJTQWIJ VJG CPVGPPC QH VJG TGEGKXGT


TGNCVKXGN[ TCTG�

(KI ��� 6TCPUKUVQT 4( CORNKHKGTU C� /GFKWO�HTGSWGPE[ D� 8*(

6JG UKPING�VWPGF� VTCPUHQTOGT�EQWRNGF V[RG KU VJG CORNKHKGT OQUV EQOOQPN[ GORNQ[GF HQT 4(
CORNKHKECVKQP� CU KNNWUVTCVGF KP (KI� ��� C� � D� DQVJ FKCITCOU KP VJG HKIWTG CTG UGGP VQ JCXG CP
4( ICKP EQPVTQN� YJKEJ KU XGT[ TCTG YKVJ FQOGUVKE TGEGKXGTU DWV SWKVG EQOOQP KP
EQOOWPKECVKQPU TGEGKXGTU� 9JGTGCU VJG OGFKWO HTGSWGPE[ CORNKHKGT QH (KI� ��� C� KU SWKVG
UVTCKIJVHQTYCTF� VJG 8*( CORNKHKGT QH (KI� ��� D� EQPVCKPU C PWODGT QH TGHKPGOGPVU� (GGF�
VJTQWIJ ECRCEKVQTU CTG WUGF CU D[RCUU ECRCEKVQTU CPF� KP EQPLWPEVKQP YKVJ VJG 4( EJQMG� VQ
FGEQWRNG VJG QWVRWV HTQO VJG 8%% � #U KPFKECVGF KP (KI� ��� D� QPG QH VJG GNGEVTQFGU QH C HGGF
VJTQWIJ ECRCEKVQT KU VJG YKTG TWPPKPI VJTQWIJ KV� 6JKU KU UWTTQWPFGF D[ VJG FKGNGEVTKE� CPF CTQWPF
VJCV KU VJG ITQWPFGF QWVGT GNGEVTQFG� VJKU CTTCPIGOGPV OKPKOK\GU UVTC[ KPFWEVCPEG KP UGTKGU YKVJ
VJG D[RCUU ECRCEKVQT� (GGF� VJTQWIJ ECRCEKVQTU CTG CNOQUV KPXCTKCDN[ RTQXKFGF HQT D[RCUUKPI CV
8*( CPF QHVGP JCXG C XCNWG QH ���� R(� +P CFFKVKQP� C UKPING�VWPGF EKTEWKV KU WUGF CV VJG KPRWV
CPF KU EQWRNGF VQ VJG CPVGPPC D[ OGCPU QH C VTKOOGT 
VJG NCVVGT DGKPI OCPWCNN[ CFLWUVCDNG HQT
OCVEJKPI VQ FKHHGTGPV CPVGPPCU�� 5WEJ EQWRNKPI KU WUGF JGTG DGECWUG QH VJG JKIJ HTGSWGPEKGU
KPXQNXGF� (KPCNN[� 4( CORNKHKGTU KP RTCEVKEG JCXG VJG KPRWV CPF QWVRWV VWPKPI ECRCEKVQTU ICPIGF
VQ GCEJ QVJGT CPF VQ VJG QPG VWPKPI VJG NQECN QUEKNNCVQT�
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4GXKGY�3WGUVKQPU

�� &GHKPG C EQOOWPKECVKQP U[UVGO�

�� 9JCV KU VJG WPKV KP YJKEJ VJG RQYGT QH VJG EQOOWPKECVKQP U[UVGO KU FGHKPGF!

�� 9JCV KU VJG DCPFYKFVJ HQT VJG HQNNQYKPI UKIPCN VTCPUOKUUKQP U[UVGOU

� 6GNGITCRJ

� 6GNGRJQPG
� 6GNGXKUKQP
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016'5
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016'5
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016'5
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016'5
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016'5
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016'5
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%JCRVGT�5GXGP

/1&7.#6+10

(GCVWTGU �

��� +PVTQFWEVKQP

��� #ORNKVWFG /QFWNCVKQP

��� (TGSWGPE[ /QFWNCVKQP

��� 2TG GORJCUKU � &G�'ORJCUKU

��� 2JCUG /QFWNCVKQP

��� #WVQOCVKE (TGSWGPE[ %QPVTQN

��� #WVQOCVKE )CKP %QPVTQN

��� +( #ORNKHKGT
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��� +0641&7%6+10

%QOOWPKECVKQPU CTG VTCPUOKVVGF D[ UGPFKPI VKOG�XCT[KPI YCXGHQTOU IGPGTCVGF D[ VJG UQWTEG�
QT D[ UGPFKPI YCXGHQTOU FGTKXGF HTQO VJQUG QH VJG UQWTEG� +P TCFKQ EQOOWPKECVKQPU VJG XCT[KPI
YCXGHQTOU FGTKXGF HTQO VJG UQWTEG CTG VTCPUOKVVGF D[ EJCPIKPI VJG RCTCOGVGTU QH C UKPWUQKFCN
YCXG CV VJG FGUKTGF VTCPUOKUUKQP HTGSWGPE[� 6JKU RTQEGUU KU TGHGTTGF VQ CU OQFWNCVKQP� CPF VJG
UKPWUQKF KU TGHGTTGF VQ CU VJG ECTTKGT� +P VJKU EJCRVGT YG YKNN TGXKGY VJG V[RGU QH CPCNQIWG
OQFWNCVKQP� #PCNQIWG OQFWNCVKQP KU WUGF HQT VTCPUOKVVKPI URGGEJ� OWUKE� VGNGRJQPG� VGNGXKUKQP�
CPF UQOG VGNGOGVGTKPI�

��� #/2.+67&' /1&7.#6+10

+P CORNKVWFG OQFWNCVKQP� VJG CORNKVWFG QH C ECTTKGT UKIPCN KU XCTKGF D[ VJG OQFWNCVKPI XQNVCIG�
YJQUG HTGSWGPE[ KU KPXCTKCDN[ NQYGT VJCP VJCV QH VJG ECTTKGT� +P RTCEVKEGU� VJG ECTTKGT OC[ DG
JKIJ�HTGSWGPE[ 
*(� YJKNG VJG OQFWNCVKQP KU CWFKQ� (QTOCNN[� #/ KU FGHKPGF CU C U[UVGO QH
OQFWNCVKQP KP YJKEJ VJG CORNKVWFG QH VJG ECTTKGT KU OCFG RTQRQTVKQPCN VQ VJG KPUVCPVCPGQWU
CORNKVWFG QH VJG OQFWNCVKPI XQNVCIG�

.GV VJG ECTTKGT XQNVCIG CPF VJG OQFWNCVKPI XQNVCIG� 8E CPF 8O� TGURGEVKXGN[� DG TGRTGUGPVGF D[

8E � 8E UKPωEV 
����

8O� 8O UKPωOV 
����

0QVG VJCV RJCUG CPING JCU DGGP KIPQTGF KP DQVJ GZRTGUUKQPU UKPEG KV KU WPEJCPIGF D[ VJG
CORNKVWFG OQFWNCVKQP RTQEGUU� *QYGXGT� KV YKNN EGTVCKPN[ PQV DG RQUUKDNG VQ KIPQTG RJCUG CPING
YJGP YG FGCN YKVJ HTGSWGPE[ CPF RJCUG OQFWNCVKQP�

(TQO VJG FGHKPKVKQP QH #/� KV HQNNQYU VJCV VJG 
OCZKOWO� CORNKVWFG 8E QH VJG WPOQFWNCVGF ECTTKGT

YKNN JCXG VQ DG OCFG RTQRQTVKQPCN VQ VJG KPUVCPVCPGQWU OQFWNCVKPI 8O � 8O UKPωOV YJGP VJG
ECTTKGT KU CORNKVWFG�OQFWNCVGF�

(4'37'0%; 52'%647/ 1( 6*' #/ 9#8'

9G UJCNN UJQY OCVJGOCVKECNN[ VJCV VJG HTGSWGPEKGU RTGUGPV KP VJG #/ YCXG CTG VJG ECTTKGT
HTGSWGPE[ CPF VJG HKTUV RCKT QH UKFGDCPF HTGSWGPEKGU� YJGTG C UKFGDCPF HTGSWGPE[ KU FGHKPGF CU

ƒ�5$���ƒE�±�PƒO 
����

CPF KP VJG HKTUV RCKT P � ��

9JGP C ECTTKGT KU CORNKVWFG�OQFWNCVGF� VJG RTQRQTVKQPCNKV[ EQPUVCPV KU OCFG GSWCN VQ WPKV[� CPF
VJG KPUVCPVCPGQWU OQFWNCVKPI XQNVCIG XCTKCVKQPU CTG UWRGTKORQUGF QPVQ VJG ECTTKGT CORNKVWFG�
6JWU YJGP VJGTG KU VGORQTCTKN[ PQ OQFWNCVKQP� VJG CORNKVWFG QH VJG ECTTKGT KU GSWCN VQ KVU WP�
OQFWNCVGF XCNWG� 9JGP OQFWNCVKQP KU RTGUGPV� VJG CORNKVWFG QH VJG ECTTKGT KU XCTKGF D[ KVU
KPUVCPVCPGQWU XCNWG� 6JG UKVWCVKQP KU KNNWUVTCVGF KP (KI� ���� YJKEJ UJQYU JQY VJG OCZKOWO
CORNKVWFG QH VJG CORNKVWFG�OQFWNCVGF XQNVCIG KU OCFG VQ XCT[ KP CEEQTFCPEG YKVJ OQFWNCVKPI
XQNVCIG EJCPIGU� (KIWTG ���� CNUQ UJQYU VJCV UQOGVJKPI WPWUWCN YKNN QEEWT KH 8O KU ITGCVGT VJCP
8E� 6JKU� CPF VJG HCEV VJCV VJG TCVKQ 8O � 8E QHVGP QEEWTU� NGCFU VQ VJG HQNNQYKPI FGHKPKVKQP QH VJG
OQFWNCVKQP KPFGZ�
O � 8O 
����

8E
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6JG OQFWNCVKQP KPFGZ KU C PWODGT N[KPI DGVYGGP � CPF �� CPF KV KU XGT[ QHVGP GZRTGUUGF CU C
RGTEGPVCIG CPF ECNNGF VJG RGTEGPVCIG OQFWNCVKQP� (TQO HKI� ���� KV KU RQUUKDNG VQ YTKVG CP
GSWCVKQP HQT VJG CORNKVWFG QH VJG CORNKVWFG�OQFWNCVGF XQNVCIG� 6JWU YG JCXG �

# � 8E  XO � 8E 8O UKP ωOV � 8E O8E UKP ωOV

� 8E 
�O UKP ωOV� 
����

6JG KPUVCPVCPGQWU XQNVCIG QH VJG TGUWNVKPI CORNKVWFG�OQFWNCVGF YCXG KU

X � # UKPθ � # UKP ωEV � 8E 
�O UKP ωOV� UKP ωEV 
����

�����8

8O
8O�UKP�ωOV

���8E #

V

(KIWTG ���� #ORNKVWFG QH #/ 9CXG�

'SWCVKQP ��� OC[ DG GZRCPFGF� D[ OGCPU QH VJG VTKIQPQOGVTKECN TGNCVKQP
UKP Z UKP [ � � =EQU 
Z�[��EQU 
Z[�� VQ IKXG

X � 8E UKP ωEV  O8E EQU 
ωE L ωO� V L O8E EQU 
ωE ωO�V 
����
� �

+V JCU VJWU DGGP UJQYP VJCV VJG GSWCVKQP QH CP CORNKVWFG�OQFWNCVGF YCXG EQPVCKPU VJTGG VGTOU�
6JG HKTUV VGTO KU KFGPVKECN VQ GS� #PF TGRTGUGPVU VJG WPOQFWNCVGF ECTKGT� +V KU VJWU CRRCTGPV VJCV
VJG RTQEGUU QH CORNKVWFG OQFWNCVKQP JCU VJG GHHGEV QH CFFKPI VQ VJG WPOQFWNCVGF YCXG� TCVJGT
VJCP EJCPIKPI KV� 6JG VYQ CFFKVKQPCN VGTOU RTQFWEGF CTG VJG VYQ UKFGDCPFU QWVNKPGF� 6JG
HTGSWGPE[ QH VJG NQYGT UKFGDCPF 
.5$� KU HE L HO� CPF VJG HTGSWGPE[ QH VJG WRRGT UKFGDCPF 
75$�
KU HE  HO� 6JG XGT[ KORQTVCPV EQPENWUKQP VQ DG OCFG CV VJKU UVCIG KU VJCV VJG DCPFYKFVJ TGSWKTGF
HQT CORNKVWFG OQFWNCVKQP KU VYKEG VJG HTGSWGPE[ QH VJG OQFWNCVKPI UKIPCN� +P OQFWNCVKQP D[
UGXGTCN UKPG YCXGU UKOWNVCPGQWUN[� CU KP VJG #/ DTQCFECUVKPI UGTXKEG� VJG DCPFYKFVJ TGSWKTGF
KU VYKEG VJG JKIJGUV OQFWNCVKPI HTGSWGPE[�

��� (4'37'0%; /1&7.#6+10

(TGSWGPE[ OQFWNCVKQP KU C U[UVGO KP YJKEJ VJG CORNKVWFG QH VJG OQFWNCVGF ECTTKGT KU MGRV
EQPUVCPV�YJKNG KVU HTGSWGPE[ KU XCTKGF D[ VJG OQFWNCVKPI UKIPCN�
6JG IGPGTCN GSWCVKQP QH CP WPOQFWNCVGF YCXG� QT ECTTKGT� OC[ DG YTKVVGP CU

Z � # UKP 
ωV φ�

9JGTG Z � KPUVCPVCPGQWU XCNWG 
QH XQNVCIG QT EWTTGPV�
# � 
OCZKOWO� CORNKVWFG
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ω � CPIWNCT XGNQEKV[� TCFKCPU RGT UGEQPF 
TCF�U�

φ� RJCUG CPING� TCF

0QVG VJCV ωV TGRTGUGPVU CP CPING KP TCFKCPU�

+H CP[ QPG QH VJGUG VJTGG RCTCOGVGTU KU XCTKGF KP CEEQTFCPEG YKVJ CPQVJGT UKIPCN� PQTOCNN[ QH C
NQYGT HTGSWGPE[� VJGP VJG UGEQPF UKIPCN KU ECNNGF VJG OQFWNCVKQP� CPF VJG HKTUV KU UCKF VQ DG
OQFWNCVGF D[ VJG UGEQPF� #ORNKVWFG OQFWNCVKQP� CNTGCF[ FKUEWUUGF� KU CEJKGXGF YJGP VJG

CORNKVWFG # KU XCTKGF CNVGTCVKQP QH VJG RJCUG CPING φ YKNN [KGNF RJCUG OQFWNCVKQP� (KPCNN[� KH VJG
HTGSWGPE[ QH VJG ECTTKGT KU OCFG VQ XCT[� HTGSWGPE[ OQFWNCVGF YCXGU CTG QDVCKPGF�

(QT UKORNKEKV[� KV KU CICKP CUUWOGF VJCV VJG OQFWNCVKPI UKIPCN KU UKPWUQKFCN� 6JKU UKIPCN JCU VYQ
KORQTVCPV RCTCOGVGTU YJKEJ OWUV DG TGRTGUGPVGF D[ VJG OQFWNCVKQP RTQEGUU YKVJQWV FKUVQTVKQP�
PCOGN[� KVU CORNKVWFG CPF HTGSWGPE[� +V KU CUUWOGF VJCV VJG RJCUG TGNCVKQPU QH C EQORNGZ
OQFWNCVKQP UKIPCN YKNN DG RTGUGTXGF� $[ VJG FGHKPKVKQP QH HTGSWGPE[ OQFWNCVKQP� VJG COQWPV D[
YJKEJ VJG ECTTKGT HTGSWGPE[ KU XCTKGF HTQO KVU WPOQFWNCVGF XCNWG� ECNNGF VJG FGXKCVKQP� KU OCFG
RTQRQTVKQPCN VQ VJG KPUVCPVCPGQWU XCNWG QH VJG OQFWNCVKPI XQNVCIG� 6JG TCVG CV YJKEJ VJKU
HTGSWGPE[ XCTKCVKQP QT QUEKNNCVKQP VCMGU RNCEG KU PCVWTCNN[ GSWCN VQ VJG OQFWNCVKPI HTGSWGPE[�

6JG UKVWCVKQP KU KNNWUVTCVGF KP (KI� ��� YJKEJ UJQYU VJG OQFWNCVKPI XQNVCIG CPF VJG TGUWNVKPI
HTGSWGPE[�OQFWNCVGF YCXG� (KI� ��� CNUQ UJQYU VJG HTGSWGPE[ XCTKCVKQP YKVJ VKOG� YJKEJ KU UGGP
VQ DG KFGPVKECN VQ VJG XCTKCVKQP YKVJ VKOG QH VJG OQFWNCVKPI XQNVCIG� 6JG TGUWNV QH WUKPI VJCV
OQFWNCVKPI XQNVCIG VQ RTQFWEG #/ KU CNUQ UJQYP HQT EQORCTKUKQP� #U CP GZCORNG QH (/� CNN
UKIPCNU JCXKPI VJG UCOG CORNKVWFG YKNN FGXKCVG VJG ECTTKGT HTGSWGPE[ D[ VJG UCOG COQWPV� UC[
�� -*\� PQ OCVVGT YJCV VJGKT HTGSWGPEKGU� 5KOKNCTN[� CNN UKIPCNU QH VJG UCOG HTGSWGPE[ UC[ �
-*\� YKNN FGXKCVG VJG� ECTTKGT CV VJG UCOG TCVG QH ���� VKOGU RGT UGEQPF� PQ OCVVGT YJCV VJGKT
KPFKXKFWCN CORNKVWFGU� 6JG CORNKVWFG QH VJG HTGSWGPE[�OQFWNCVGF YCXG TGOCKPU EQPUVCPV CV CNN
VKOGU� VJKU KU KP HCEV� VJG ITGCVGUV UKPING CFXCPVCIG QH (/�

/CVJGOCVKECN 4GRTGUGPVCVKQP QH (/

(TQO (KI� ���� KV KU UGGP VJCV VJG KPUVCPVCPGQWU HTGSWGPE[ ƒ QH VJG HTGSWGPE[�OQFWNCVGF YCXG KU
IKXGP D[ �

ƒ � ƒE 
�M8O EQU ωOV�

9JGTG ƒE� WPOQFWNCVGF 
QT CXGTCIG� ECTTKGT HTGSWGPE[
- � RTQRQTVKQPCNKV[ EQPUVCPV

8O EQU ωOV � KPUVCPVCPGQWU OQFWNCVKPI XQNVCIG 
EQUKPG DGKPI RTGHGTTGF HQT UKORNKEKV[ KP
ECNEWNCVKQPU�

6JG OCZKOWO FGXKCVKQP HQT VJKU RCTVKEWNCT UKIPCN YKNN QEEWT YJGP VJG EQUKPG VGTO JCU KVU

OCZKOWO XCNWG� VJCV KU� ±�� 7PFGT VJGUG EQPFKVKQPU� VJG KPUVCPVCPGQWU HTGSWGPE[ YKNN DG

ƒ � ƒE 
�± M8O�

UQ VJCV VJG OCZKOWO FGXKCVKQP δ YKNN DG IKXGP D[

δ� M8OƒE
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C� /QFWNCVKPI 5KIPCN


D� #ORNKVWFG OQFWNCVKQP


E� (TGSWGPE[ OQFWNCVKQP

��������δ
�����V


F� (TGSWGPE[ XU� VKOG KP (/

(KIWTG ���� $CUKE /QFWNCVKQP 9CXGHQTOU

6JG KPUVCPVCPGQWU CORNKVWFG QH VJG (/ UKIPCN YKNN DG IKXGP D[ C HQTOWNC QH VJG HQTO

X � # UKP =( 
ωE�ωO� ? �# UKP θ

9JGTG ( 
ωE� ωO� KU UQOG HWPEVKQP� CU [GV WPFGVGTOKPGF� QH VJG ECTTKGT CPF OQFWNCVKPI
HTGSWGPEKGU�
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(TGSWGPE[ � #ORNKVWFG /QFWNCVKQP�

(TGSWGPE[ � CORNKVWFG OQFWNCVKQP CTG EQORCTGF QP C FKHHGTGPV DCUKU HTQO VJCV HQT (/ CPF 2/�
6JGUG CTG DQVJ RTCEVKECN U[UVGOU� SWKVG FKHHGTGPV HTQO GCEJ QVJGT� CPF UQ VJG RGTHQTOCPEG CPF
EJCTCEVGTKUVKEU QH VJG VYQ U[UVGOU YKNN DG EQORCTGF� 6Q DGIKP YKVJ� HTGSWGPE[ OQFWNCVKQP JCU
VJG HQNNQYKPI CFXCPVCIGU�

�� 6JG CORNKVWFG QH VJG HTGSWGPE[�OQFWNCVGF YCXG KU EQPUVCPV� +V KU VJWU KPFGRGPFGPV QH VJG
OQFWNCVKQP FGRVJ� YJGTGCU KP #/ OQFWNCVKQP FGRVJ IQXGTPU VJG VTCPUOKVVGF RQYGT� 6JKU
OGCPU VJCV� KP (/ VTCPUOKVVGTU� NQY�NGXGN OQFWNCVKQP OC[ DG WUGF DWV CNN VJG UWDUGSWGPV
CORNKHKGTU ECP DG ENCUU % CPF VJGTGHQTG OQTG GHHKEKGPV� 5KPEG CNN VJGUG CORNKHKGTU YKNN JCPFNG
EQPUVCPV RQYGT� VJG[ PGGF PQV DG ECRCDNG QH OCPCIKPI WR VQ HQWT VKOGU VJG CXGTCIG RQYGT�
CU VJG[ OWUV KP #/� (KPCNN[� CNN VJG VTCPUOKVVGF RQYGT KP (/ KU WUGHWN� YJGTGCU KP #/ OQUV
QH KV KU KP VJG VTCPUOKVVGF ECTTKGT� YJKEJ FQGU PQV KPFKECVG CP[ OQFWNCVKQP EJCPIGU�

�� (/ TGEGKXGTU ECP DG HKVVGF YKVJ CORNKVWFG NKOKVOU VQ TGOQXG VJG CORNKVWFG XCTKCVKQPU ECWUGF
D[ PQKUG�6JKU OCMGU (/ TGEGRVKQP C IQQF FGCN OQTG KOOWPG VQ PQKUG VJCP #/ TGEGRVKQP�

�� +V KU RQUUKDNG VQ TGFWEG PQKUG UVKNN HWTVJGT D[ KPETGCUKPI VJG FGXKCVKQP � 6JKU KU C HGCVWTG YJKEJ
#/ FQGU PQV JCXG� UKPEG KV KU PQV RQUUKDNG VQ GZEGGF ��� RGTEGPV OQFWNCVKQP YKVJQWV
ECWUKPI UGXGTG FKUVQTVKQP�

�� %QOOGTEKCN (/ DTQCFECUVU DGKPI KP ���� FGECFGU CHVGT VJGKT #/ EQWPVGTRCTVU�
%QPUGSWGPVN[� VJG[ JCXG C PWODGT QH CFXCPVCIGU FWG VQ DGVVGT RNCPPKPI CPF QVJGT
EKTEWOUVCPEGU� 6JG HQNNQYKPI CTG VJG OQUV KORQTVCPV QPGU �


C� 5VCPFCTF HTGSWGPE[ CNNQECVKQPU RTQXKFG C IWCTF DCPF DGVYGGP EQOOGTEKCN (/
UVCVKQPU� UQ VJCV VJGTG KU NGUU CFLCEGPV�EJCPPGN KPVGTHGTGPEG VJCV KP #/�


D� (/ DTQCFECUVU QRGTCVG KP VJG WRRGT 8*( CPF 7*( HTGSWGPE[ TCPIGU� CV YJKEJ VJGTG
JCRRGPU VQ DG NGUU PQKUG VJCP KP VJG /( CPF *( TCPIGU QEEWRKGF D[ #/ DTQCFECUVU�


E� #V VJG (/ DTQCFECUV HTGSWGPEKGU� VJG URCEG YCXG KU WUGF HQT RTQRCICVKQP� UQ VJCV
VJG TCFKWU QH QRGTCVKQP KU NKOKVGF VQ UNKIJVN[ OQTG VJCP NKPG QH UKIJV� +V KU VJWU RQUUKDNG
VQ QRGTCVG UGXGTCN KPFGRGPFGPV VTCPUOKVVGTU QP VJG UCOG HTGSWGPE[ YKVJ
EQPUKFGTCDN[ NGUU KPVGTHGTGPEG VJCP YQWNF DG RQUUKDNG YKVJ #/�

6JG CFXCPVCIGU CTG PQV CNN QPG�UKFGF� QT VJGTG YQWNF DG PQ #/ VTCPUOKUUKQPU NGHV� 6JG
HQNNQYKPI CTG UQOG QH VJG FKUCFXCPVCIGU QH (/�

� # OWEJ YKFGT EJCPPGN KU TGSWKTGF D[ (/� WR VQ �� VKOGU CU NCTIG CU VJCV PGGFGF D[
#/� 6JKU KU VJG OQUV UKIPKHKECPV FKUCFXCPVCIG QH (/�

� (/ VTCPUOKVVKPI CPF TGEGKXKPI GSWKROGPV VGPFU VQ DG OQTG EQORNGZ� RCTVKEWNCTN[ HQT
OQFWNCVKQP CPF FGOQFWNCVKQP�

� 5KPEG TGEGRVKQP KU NKOKVGF VQ NKPG QH UKIJV� VJG CTGC QH TGEGRVKQP HQT (/ KU OWEJ
UOCNNGT VJCP HQT #/ VJKU OC[ DG CP CFXCPVCIG HQT EQEJCPPGN CNNQECVKQPU�

��� 2TG�GORJCUKU CPF &G�GORJCUKU�

0QKUG JCU C ITGCVGT GHHGEV QP VJG JKIJGT OQFWNCVKPI HTGSWGPEKGU VJCP QP VJG NQYGT QPGU� 6JWU�
KH VJG JKIJGT HTGSWGPEKGU CTG CTVKHKEKCNN[ DQCUVGF CV VJG VTCPUOKVVGT CPF EQTTGURQPFKPIN[ EWV CV VJG
TGEGKXGT� CP KORTQXGOGPV KP PQKUG KOOWPKV[ EQWNF DG GZRGEVGF� 6JKU DQQUVKPI QH VJG JKIJGT
OQFWNCVKPI HTGSWGPEKGU�
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(KI ����
�KP CEEQTFCPEG YKVJ C RTGCTTCPIGF EWTXG� KU VGTOGF RTG�GORJCUKU� CPF VJG EQORGPUCVKQP CV
VJG TGEGKXGT KU ECNNGF FG�GORJCUKU� #P GZCORNG QH C EKTEWKV WUGF HQT GCEJ HWPEVKQP KU UJQYP KP
HKI ����

6CMG VYQ OQFWNCVKPI UKIPCNU JCXKPI VJG UCOG KPKVKCN CORNKVWFG� YKVJ QPG QH VJGO RTG�
GORJCUK\GF VQ 
UC[� VYKEG VJKU CORNKVWFG� YJGTGCU VJG QVJGT KU WPCHHGEVGF 
DGKPI CV C OWEJ
NQYGT HTGSWGPE[�� 6JG TGEGKXGT YKNN PCVWTCNN[ JCXG VQ FG�GORJCUK\G VJG HKTUV UKIPCN D[ C HCEVQT QH
�� VQ GPUWTG VJCV DQVJ UKIPCNU JCXG VJG UCOG CORNKVWFG KP VJG QWVRWV QH VJG TGEGKXGT� $GHQTG
FGOQFWNCVKQP K�G�� YJKNG UWUEGRVKDNG VQ PQKUG KPVGTHGTGPEG� VJG GORJCUK\GF UKIPCN JCF VYKEG VJG
FGXKCVKQP KV YQWNF JCXG JCF YKVJQWV RTG�GORJCUKU CPF YCU VJWU OQTG KOOWPG VQ PQKUG�
#NVGTPCVKXGN[� KV KU UGGP VJCV YJGP VJG UKIPCN KU FG�GORJCUK\GF� CP[ PQKUG UKFGDCPF XQNVCIGU FG�
GORJCUK\GF YKVJ KV CPF VJGTGHQTG JCXG EQTTGURQPFKPIN[ NQYGT CORNKVWFG VJCP VJG[ YQWNF JCXG
JCF YKVJQWV GORJCUKU CICKP� VJGKT GHHGEV QP VJG QWVRWV KU TGFWEGF�

6JG COQWPV QH RTG�GORJCUKU KP 7�5�(��DTQCFECUVKPI� CPF KP VJG UQWPF VTCPUOKUUKQPU
CEEQORCP[KPI VGNGXKUKQP� JCU DGGP UVCPFCTFK\GF CV ���U� YJGTGCU C PWODGT QH QVJGT UGTXKEGU�
PQVCDN[ 'WTQRGCP CPF #WUVTCNKCP DTQCFECUVKPI CPF 68 UQWPF VTCPUOKUUKQP WUG �� �U� 6JG
WUCIG QH OKETQUGEQPFU HQT FGHKPKPI GORJCUKU KU UVCPFCTF� # ����U FG�GORJCUKU EQTTGURQPFU VQ
C HTGSWGPE[ TGURQPUG EWTXG VJCV KU � F$ FQYP CV VJG HTGSWGPE[ YJQUG VKOG EQPUVCPV 4% KU

�� OU� 6JKU HTGSWGPE[ KU IKXGP D[ �ƒ � ����4% CPF KU VJGTGHQTG ���� *\ YKVJ �� �U FG�GORJCUKU
KV YQWNF DG ���� *\� (KI� ��� UJQYU RTG�GORJCUKU CPF FG�GORJCUKU EWTXGU HQT C ����U
GORJCUKU�

��� 2JCUG /QFWNCVKQP �

2JCUG OQFWNCVKQP KU C UKOKNCT U[UVGO KP YJKEJ VJG RJCUG QH VJG ECTTKGT KU XCTKGF KPUVGCF QH KVU
HTGSWGPE[�5VTKEVN[ URGCMKPI� VJGTG CTG VYQ V[RGU QH EQPVKPWQWU�YCXG OQFWNCVKQP� CORNKVWFG
OQFWNCVKQP CPF CPING OQFWNCVKQP� #PING OQFWNCVKQP OC[ DG UWDFKXKFGF KPVQ VYQ FKUVKPEV V[RGU�
HTGSWGPE[ OQFWNCVKQP CPF RJCUG OQFWNCVKQP 
2/�� 6JWU� 2/ CPF (/ CTG ENQUGN[ CNNKGF� CPF VJKU
KU VJG HKTUV TGCUQP HQT EQPUKFGTKPI 2/ JGTG� 6JG UGEQPF TGCUQP KU UQOGYJCV OQTG RTCEVKECN� KV KU
RQUUKDNG VQ QDVCKP HTGSWGPE[ OQFWNCVKQP HTQO RJCUG OQFWNCVKQP D[ VJG UQ�ECNNGF #TOUVTQPI
5[UVGO� +V OWUV DG UVTGUUGF� JQYGXGT� VJCV RJCUG OQFWNCVKQP CU UWEJ KU PQV WUGF KP RTCEVKECN
CPCNQI VTCPUOKUUKQP U[UVGOU�
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+H VJG RJCUG H KP VJG GSWCVKQP X � # UKP 
ωEV �� KU XCTKGF UQ VJCV KVU OCIPKVWFG KU RTQRQTVKQPCN VQ
VJG KPUVCPVCPGQWU CORNKVWFG QH VJG OQFWNCVKPI XQNVCIG� VJG TGUWNVKPI YCXG KU RJCUG�OQFWNCVGF�
6JG GZRTGUUKQP HQT C 2/ YCXG KU

X � # UKP 
ωEV φO UKP ωOV�

YJGTG KU VJG OCZKOWO XCNWG QH RJCUG EJCPIG KPVTQFWEGF D[ VJKU RCTVKEWNCT OQFWNCVKPI UKIPCN
CPF KU RTQRQTVKQPCN VQ VJG OCZKOWO CORNKVWFG QH VJKU OQFWNCVKQP�

X � # UKP 
ωEV OR UKP ωOV�

9JGTG OR � φO � OQFWNCVKQP KPFGZ HQT RJCUG OQFWNCVKQP�

6Q XKUWCNK\G RJCUG OQFWNCVKQP� EQPUKFGT C JQTK\QPVCN OGVTQPQOG QT RGPFWNWO RNCEGF QP C
TQVCVKPI TGEQTF VWTPVCDNG� #U YGNN CU TQVCVKPI VJG CTO QH VJKU OGVTQPQOG KU UYKPIKPI UKPWUQKFCNN[
DCEM CPF HQTVJ CDQWV KVU OGCP RQKPV� +H VJG OCZKOWO FKURNCEGOGPV QH VJKU UYKPI ECP DG OCFG
RTQRQTVKQPCNN[ VQ VJG UK\G QH VJG QRWUJR CRRNKGF VQ VJG OGVTQPQOG� CPF KH VJG HTGSWGPE[ QH UYKPI
ECP DG OCFG GSWCN VQ VJG PWODGT QH QRWUJGUR RGT UGEQPF� VJGP VJG OQVKQP QH VJG CTO KU GZCEVN[
VJG UCOG CU VJCV QH C RJCUG�OQFWNCVGF XGEVQT� #EVWCNN[� 2/ UGGOU GCUKGT VQ XKUWCNK\G VJCP (/�

+PVGTU[UVGO %QORCTKUQPU�

(TGSWGPE[ CPF 2JCUG /QFWNCVKQP HTQO VJG RWTGN[ VJGQTGVKECN RQKPV QH XKGY� VJG FKHHGTGPEG
DGVYGGP (/ CPF 2/ KU SWKVG UKORNG�VJG OQFWNCVKQP KPFGZ KU FGHKPGF FKHHGTGPVN[ KP GCEJ U[UVGO�
*QYGXGT� VJKU KU PQV PGCTN[ CU QDXKQWU CU VJG FKHHGTGPEG DGVYGGP #/ CPF (/� CPF KV OWUV DG
FGXGNQRGF HWTVJGT� (KTUV� JQYGXGT� VJG UKOKNCTKV[ YKNN DG UVTGUUGF�

+P RJCUG OQFWNCVKQP� VJG RJCUG FGXKCVKQP KU RTQRQTVKQPCN VQ VJG CORNKVWFG QH VJG OQFWNCVKPI
UKIPCN CPF VJGTGHQTG KPFGRGPFGPV QH KVU HTGSWGPE[� #NUQ� UKPEG VJG RJCUG OQFWNCVGF XGEVQT
UQOGVKOGU NGCFU CPF UQOGVKOGU NCIU VJG TGHGTGPEG ECTTKGT XGEVQT� KVU KPUVCPVCPGQWU CPIWNCT

XGNQEKV[ OWUV DG EQPVKPWCNN[ EJCPIKPI DGVYGGP VJG NKOKVU KORQUGF D[ φO � VJWU UQOG HQTO QH
HTGSWGPE[ EJCPIG OWUV DG VCMKPI RNCEG� +P HTGSWGPE[ OQFWNCVKQP� VJG HTGSWGPE[ FGXKCVKQP KU
RTQRQTVKQPCN VQ VJG CORNKVWFG QH VJG OQFWNCVKPI XQNVCIG� #NUQ� KH YG VCMG C TGHGTGPEG XGEVQT�
TQVCVKPI YKVJ C EQPUVCPV CPIWNCT XGNQEKV[ YJKEJ EQTTGURQPFU VQ VJG ECTTKGT HTGSWGPE[� VJGP VJG
(/ XGEVQT YKNN JCXG C RJCUG NGCF QT NCI YKVJ TGURGEV VQ VJG TGHGTGPEG� UKPEG VJG HTGSWGPE[

QUEKNNCVGU DGVYGGP ƒE L δ CPF ƒE  δ� *GPEG (/ OWUV DG C HQTO QH 2/� 9KVJ VJKU ENQUG UKOKNCTKV[
QH VJG VYQ HQTOU QH CPING OQFWNCVKQP GUVCDNKUJGF� KV PQY TGOCKPU VQ GZRNCKP VJG FKHHGTGPEG�

+H YG EQPUKFGT (/ CU C HQTO QH RJCUG OQFWNCVKQP� YG OWUV FGVGTOKPG YJCV KV KU VJCV ECWUGU VJG
RJCUG EJCPIG KP (/� 1DXKQWUN[� VJG NCTIGT VJG HTGSWGPE[ FGXKCVKQP� VJG NCTIGT VJG RJCUG
FGXKCVKQP� UQ VJCV VJG NCVVGT FGRGPFU CV NGCUV VQ C EGTVCKP GZVGPV QP VJG CORNKVWFG QH VJG
OQFWNCVKQP� LWUV CU 2/� 6JG FKHHGTGPEG KU UJQYP D[ EQORCTKPI VJG FGHKPKVKQP QH 2/� YJKEJ
UVCVGU KP RCTV VJCV VJG OQFWNCVKQP KPFGZ KU RTQRQTVKQPCN VQ VJG OQFWNCVKPI XQNVCIG QPN[� YKVJ VJCV
QH VJG (/ YJKEJ UVCVGU VJCV VJG OQFWNCVKQP KPFGZ KU CNUQ KPXGTUGN[ RTQRQTVKQPCN VQ VJG OQFWNCVKQP
HTGSWGPE[� 6JKU OGCPU VJCV WPFGT KFGPVKECN EQPFKVKQPU (/ CPF 2/ CTG KPFKUVKPIWKUJCDNG HQT C
UKPING OQFWNCVKPI HTGSWGPE[�

8QNVCIG %QPVTQNNGF 1UEKNNCVQTU �
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0GYGT TGEGKXGTU EQPVTQN VJG QUEKNNCVQT DCPF CPF HTGSWGPE[ D[ GNGEVTKECN TCVJGT VJCP OGEJCPKECN
OGCPU� 6WPKPI KU CEEQORNKUJGF D[ XQNVCIG�UGPUKVKXG ECRCEKVQTU 
XCTCEVQT FKQFGU�� CPF DCPF
UYKVEJKPI D[ FKQFGU YKVJ NQY HQTYCTF EQPFWEVCPEG� (QT JKIJ�RQYGT VWPKPI� KPFWEVQTU JCXKPI
UCVWTCDNG HGTTKVG EQTGU JCXG DGGP WUGF JQYGXGT� VJGUG FQ PQV CRRGCT KP TGEGKXGTU� 1UEKNNCVQTU
VJCV CTG VWPGF D[ XCT[KPI VJG KPRWV XQNVCIG CTG TGHGTTGF VQ CU 8%1U�

��� #761/#6+% (4'37'0%; %10641. �

#(% JCU DGGP WUGF HQT OCP[ [GCTU KP UQOG TGEGKXGTU VQ EQTTGEV HQT VWPKPI GTTQTU CPF HTGSWGPE[
KPUVCDKNKVKGU� 6JKU YCU QH URGEKCN KORQTVCPEG YJGP HTGG�TWPPKPI .QU YGTG WUGF� +PCEEWTCEKGU KP
VJG DCUKE VWPKPI QH VJG TGEGKXGT� CPF QH FTKHVU KP UQOG VTCPUOKVVGTU� EQWNF ECWUG VJG FGUKTGF
UKIPCN VQ HCNN QP VJG UMKTVU QH VJG +( UGNGEVKXKV[� TGUWNVKPI KP UGXGTG FKUVQTVKQP CPF CP KPETGCUGF
EJCPEG QH CFLCEGPV EJCPPGN KPVGTHGTGPEG� 2TQXKUKQP QH C EKTEWKV VQ CFLWUV VJG VWPKPI UQ VJCV VJG
TGEGKXGF UKIPCN HCNNU CV 
QT XGT[ PGCT� VJG EGPVGT QH VJG +( HKNVGT GPCDNGU VJG TGEGKXGT VQ CEJKGXG
NQY FGOQFWNCVKQP FKUVQTVKQP� YJKNG OCKPVCKPKPI C TGNCVKXGN[ PCTTQY +( DCPFYKFVJ HQT KPVGTHGTGPEG
TGLGEVKQP�

6JG PGGF HQT UWEJ EKTEWKVU JCU DGGP CNOQUV GNKOKPCVGF D[ VJG CFXGPV QH U[PVJGUK\GF .QU WPFGT
VJG EQPVTQN QH XGT[ CEEWTCVG CPF UVCDNG SWCTV\ ET[UVCN UVCPFCTFU� *QYGXGT� UQOG ECUG UVKNN CTKUG
YJGTG CP #(% OC[ DG QH XCNWG� +P UQOG VCEVKECN CRRNKECVKQPU KV KU PQV RQUUKDNG VQ CHHQTF VJG
RQYGT PGEGUUCT[ HQT VGORGTCVWTG EQPVTQN QH VJG ET[UVCN UVCPFCTF� UQ VJCV CV UWHHKEKGPVN[ JKIJ
HTGSWGPEKGU VJG TGNCVKXG FTKHV DGVYGGP VJG TGEGKXGT CPF VTCPUOKVVGT OC[ DG OQTG VJCP KU VQNGTCDNG
KP VJG RCTVKEWNCT CRRNKECVKQP� 7PUVCDNG QUEKNNCVQTU KP UQOG QNFGT CPF NGUU CEEWTCVG VTCPUOKVVGTU
JCXG PQV [GV DGGP TGRNCEGF� %WTTGPV TGEGKXGTU OC[ DG TGSWKTGF VQ TGEGKXG UKIPCNU HTQO UWEJ
VTCPUOKVVGTU HQT GKVJGT EQOOWPKECVKQPU QT UWTXGKNNCPEG� +P CWVQOQDKNG (/ DTQCFECUV TGEGKXGTU
VJG EQUV QH U[PVJGUKU KU EQPUKFGTCDN[ JKIJGT VJCP VJG EQUV QH #(%� UQ VJCV RTQITGUU VQ JKIJ
UVCDKNKV[ JCU DGGP UNQYGT VJCP HQT EQOOWPKECVKQPU TGEGKXGTU� (KPCNN[� UQOG OQFWNCVKQPU� PQVCDN[
55$� TGSWKTG OWEJ DGVVGT HTGSWGPE[ CEEWTCE[ HQT FKUVQTVKQP NGUU FGOQFWNCVKQP VJCP #/ QT (/�
#U UWEJ OQFWNCVKQPU CTG GZVGPFGF VQ JKIJGT ECTTKGT HTGSWGPEKGU� #(% ECP DG OQTG GEQPQOKECN
VJCP UVKNN OQTG CEEWTCVG HTGSWGPE[ EQPVTQN� %QPUGSWGPVN[ #(% EKTEWKVU CTG UVKNN HQWPF KP
TGEGKXGTU� VJQWIJ OWEJ NGUU HTGSWGPVN[ VJCP KP VJG RCUV�

(KI� ��� #(% $NQEM &KCITCO

6JG DCUKE GNGOGPVU QH VJG #(% NQQR CTG C HTGSWGPE[ 
QT RJCUG� FGVGEVQT CPF C 8%1� # V[RKECN
DNQEM FKCITCO KU UJQYP KP (KI� ��� � +H VJG TGEGKXGF UKIPCN ECTTKGT KU CDQXG QT DGNQY VJG PQOKPCN
HTGSWGPE[� VJG TGUWNVKPI EQTTGEVKQP XQNVCIG KU WUGF VQ TGFWEG VJG FKHHGTGPEG�



BASIC ELECTRONIC COMPONENTS & HARDWARE-II

122

��� #761/#6+% )#+0 %10641. 
#)%�

#)% KU C U[UVGO D[ OGCPU QH YJKEJ VJG QXGTCNN ICKP QH C TCFKQ TGEGKXGT KU XCTKGF CWVQOCVKECNN[
YKVJ VJG EJCPIKPI UVTGPIVJ QH VJG TGEGKXGF UKIPCN VQ MGGR VJG QWVRWV UWDUVCPVKCNN[ EQPUVCPV� # FE
DKCU XQNVCIG� FGTKXGF HTQO VJG FGVGEVQT KU CRRNKGF VQ C UGNGEVGF PWODGT QH VJG 4(� +( CPF OKZGT
UVCIGU� 6JG FGXKEGU WUGF KP VJQUG UVCIGU CTG QPGU YJQUG VTCPUEQPFWEVCPEG CPF JGPEG ICKP
FGRGPFU QP VJG CRRNKGF DKCU XQNVCIG QT EWTTGPV�

#NN OQFGTP TGEGKXGTU CTG HWTPKUJGF YKVJ #)%� YJKEJ GPCDNGU VWPKPI VQ UVCVKQPU VQ XCT[KPI UKIPCN
UVTGPIVJU YKVJQWV CRRTGEKCDNG EJCPIG KP VJG UK\G QH VJG QWVRWV UKIPCN� 6JWU #)% QKTQPU QWV Q

KPRWV UKIPCN CORNKVWFG XCTKCVKQPU� CPF VJG ICKP EQPVTQN FQGU PQV JCXG VQ DG TGCFLWUVGF GXGT[
VKOG VJG TGEGKXGT KU VWPGF HTQO QPG UVCVKQP VQ CPQVJGT� GZEGRV YJGP VJG EJCPIG KP UKIPCN
UVTGPIVJU KU GPQTOQWU� +P CFFKVKQP� #)% JGNRU VQ UOQQVJ QWV VJG TCRKF HCFKPI YJKEJ OC[ QEEWT
YKVJ NQPI FKUVCPEG UJQTV�YCXG TGEGRVKQP CPF RTGXGPVU VJG QXGTNQCFKPI QH VJG NCUV +( CORNKHKGT
YJKEJ OKIJV QVJGTYKUG JCXG QEEWTTGF�

+PFKTGEV 5[PVJGUK\GTU �

6JG TGSWKTGF HTGSWGPE[ TCPIG KP OQUV U[PVJGUK\GTU PQYCFC[U KU QDVCKPGF HTQO C XCTKCDNG
XQNVCIG�EQPVTQNNGF QUEKNNCVQT 
8%1�� YJQUG QWVRWV KU EQTTGEVGF D[ EQORCTKUQP YKVJ VJCV QH C
TGHGTGPEG UQWTEG� 6JKU KP�DWKNV UQWTEG KU XKTVWCNN[ C FKTGEV U[PVJGUK\GT� #U UJQYP KP (KI����� VJG
RJCUG EQORCTCVQT QDVCKPU CP QWVRWV HTQO VJG 8%1� EQORCTGU KV YKVJ VJG QWVRWV QH VJG UVCDNG
TGHGTGPEG UQWTEG CPF RTQFWEGU C FE EQPVTQNNKPI QWVRWV XQNVCIG YJGPGXGT VJG 8%1 QWVRWV KU
KPEQTTGEV� 6JG FE EQTTGEVKPI XQNVCIG HQTOU VJG DCUKU QH VJG CWVQOCVKE RJCUG�EQTTGEVKQP 
#2%�
NQQR� YJQUG QWVRWV KU CRRNKGF VQ C XQNVCIG�XCTKCDNG ECRCEKVCPEG� YJKEJ KP VWTP RWNNU VJG 8%1 KPVQ
NKPG� 6JG #2% NQQR� QT RJCUG�NQEMGF NQQR ECP DG SWKVG UKOKNCT VQ CP CWVQOCVKE HTGSWGPE[
EQTTGEVKQP 
#(%� NQQR� 6JG QXGTCNN CTTCPIGOGPV KU MPQYP XCTKQWUN[ CU C UVCDKNK\GF OCUVGT
QUEKNNCVQT 
5/1�� C RJCUG�NQEM U[PVJGUK\GT QT GXGP CU C 8%1 U[PVJGUK\GT YKVJ C RJCUG�NQEMGF
NQQR�

(KI� ���� $CUKE $NQEM &KCITCO QH +PFKTGEV 5[PVJGUK\GT
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��� +06'4/'&+#6'�(4'37'0%; #/2.+(+'45 �

6JG +( CORNKHKGT KU C HKZGF�HTGSWGPE[ CORNKHKGT� YKVJ VJG XGT[ KORQTVCPV HWPEVKQP QH TGLGEVKPI
CFLCEGPV WPYCPVGF HTGSWGPEKGU� +V UJQWNF VJWU JCXG C HTGSWGPE[ TGURQPUG YKVJ UVGGR UMKTVU�
9JGP VJG FGUKTG HQT C HNCV�VQRRGF TGURQPUG KU CFFGF� VJG TGUWNVKPI TGEKRG KU HQT C FQWDNG�VWPGF
QT UVCIIGT�VWPGF CORNKHKGT� 9JGTGCU ('6 CPF KPVGITCVGF EKTEWKV +( CORNKHKGTU IGPGTCNN[ CTG 
CPF
XCEWWO�VWDG QPGU CNYC[U YGTG� FQWDNG�VWPGF CV VJG KPRWV CPF CV VJG QWVRWV� DKRQNCT VTCPUKUVQT
CORNKHKGTU QHVGP CTG UKPING�VWPGF� 6JKU FGRCTVWTG HTQO C UKPING�UVCIG� FQWDNG�VWPGF CORNKHKGT KU
HQT VJG UCMG QH GZVTC ICKP� CPF JGPEG TGEGKXGT UGPUKVKXKV[�

4GXKGY�3WGUVKQPU

�� 'ZRNCKP VJG #ORNKVWFG /QFWNCVKQP�

�� *QY 2TG 'ORJCUKU CPF &G 'ORJCUKU KORTQXG VJG PQKUG KOOWPKV[!

�� %QORCTG VJG #ORNKVWFG� (TGSWGPE[ CPF 2JCUG /QFWNCVKQP�
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$+$.+1)4#2*;

�� /KETQRTQEGUUQTU�CPF�+PVGTHCEKPI���2TQITCOOKPI�CPF�*CTFYCTG

��&QWINCU�*CNN

��2WDNKECVKQP���/%�)TCY�*KNN

�� %'&6

/QFWNG����

�� #P�+PVTQFWEVKQP�VQ�#PCNQI���&KIKVCN�%QOOWPKECVKQPU

� 5KOQP�*C[MKP

�� &KIKVCN���#PCNQI�%QOOWPKECVKQP�5[UVGOU

��-�5COUJCPOWICP


