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% &('*),+.-0/2143*576 8:9�3 ;</>=@?A5,-0B )C1 DE=@BF;AGIH�3*?A5,-KJLHNM<-O' ),H BFG<1
H ?A-
;</2=OPQ/23*BFBR3*?A5S-T):'UHVM<3WHX5,3*'IPQG<3WP*-ZY\[]3^)C_`H
= ?*- aVb�GA/c)d'IP DE=eBUf
;A5S-.H�-WghY�b\M*),1i/2-kj@G*)d/>-k1l6
m />-WDkGA/>1V)C=@' 3*'0_Qnk=*/
m )SH
-0/23WHo)C=@'QY

% 8pBF;A5,-0BR-O'IH�3*?A5,-q)d'q3rDE=eBF;AGIH
-O/s6ute+.-0/2vuwL-05:5x92=*/yBR-W_z;</>=^PQ/23*B
DE3*' ?A- -�{k-kDkGIH
-k_hY

|
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% 	$/2=OPQ/23*BFB ):'IP 5S3*'IPQG<3WPA-.1�3I/2-X3WH�HVM<-XDE=*/2-�=^9QDE=@BF;AGIH
-0/]1 D.),-O'0DE-�

HNM<-kvF3I/2-FHVM<- ;</y):'0D.)d;<3*5]H�=@=@5 =O9	HVM<- ;0/>=^PQ/>3*BFBR-O/ Y

% 8p'0Dk/2-.3I14-W_ +�=QDE3*?AGA5S3</>v =^9q;0/>=^PQ/>3*BFB )d'IP DE=@'<1
HN/ G0DlH
1 3*'0_ DE3kf
;<3<D.)SH v`H�= -�{O;</2-.141i)C_*-k3I1l6

b\M<- 5 )dB )SH
1 =^9 BRv 5S3*'IPQG<3WPA- 3I/2- HNM<- 5 ):B ),H�1 =O9 BRv
w =*/ 5,_
� 
 G0_^w )SP � ),H H�PA-0'<1
H
-0):'QY
� PA=@=@_ ;</2=^P@/23*BFB ):'IP 5S3*'IPQG<3WPA- ),1 3 DE=@'0DE-O;IHNG<3*5eGA'*) f
+�-O/>14- 9>=*/�HVM*):'��I):'IP 3*?*=@GIHi;</>=^PQ/23*BFB ):'IP
� � 5S3*' 	h-O/y5 ),1lY

% �$-�H�H
-0/ GA'0_*-0/21
H�3*'0_e)d'IP =^9 HNM<- 1V)SPQ'*)�� DE3*'0DE- =^9T):BF;A5S-OBR-O'IH�3kf
Ho)C=@' 3*'0_ M<=Ww H�= ?*-k1
H�-�{O;A5S=e)SH -.{<)C1
Ho)d'IP 5S3*'IPQG<3WPA-k1lY

% � 5 5,=Ww 1T):'I92=*/yBR-W_ DkM<=Z) DE- =^9X3*;A;</>=@;</y),3WH
- ;</2=OPQ/23*BFB ):'IP 5S3*'Wf
PQG<3WP*-ZY

% 8p'0Dk/2-.3I14-W_ 3*?*)d5 )SH v`H
= 5S-k3I/ ' 9 GIHVGA/>- ;</>=^PQ/23*BFB ):'IP 5,3*'IP@G<3WPA-k1lY
% 8pBF;</2=*+�-W_ 3*?*):5 )SH v H
= _*-.1V),PQ' '<-�w DE=eBF;AGIH
-O/ 5,3*'IPQG<3WP*-k1T3*'0_
3*;A;A5 ) DE3WHo)C=e' )d'IH�-O/ 923<DE-k1lY

%��	=e=Q_ -.{.3*BF;A5,- =^9XHVM<- 14v<'<-O/>P*v ?*-.H w -k-O' HVM<-.=*/2v 3*'0_ ;</23<D f
Ho) DE-KY

�
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b\M<- ) _*-.3I1F_*= '<=OH��4G<1
Hz3*;A;A5,v H�= ;</>=^PQ/23*BFB ):'IP 5,3*'IPQG<3WP*-k1 ?AGIH
3*5S14= H�= 3*'<v 5,3*'IPQG<3WP*-R9>=*/$1 ;A-WD.)S92vI):'IP _*3WH�3`3*'0_ ):'I92=*/yBR3WHN),=@' ;0/>=Of
DE-k141V):'IP 	s) Y -ZYK3I/>P@G<3*?A5,v H
=`HNM<-T):'A;AGIH 
 =@GIHN;AGIH(=^9�3*'<vR;</2=^P@/23*B 
�� Y
b\M*),1 M<3I1X?A-kDE=@BR-q-k+�-O'zBR=*/2- ):BF;A=*/>H�3*'IH w )SHVM HVM<-q3<_*+.-0'IH =^9�HVM<-
wL-0? 3*'0_ BR-�H
3kf�BR3</ � GA; 5S3*'IPQG<3WPA-.1 5 ) � - 
�� 
 3*'0_ 1
H v05S- 1 M<-.-.H
5S3*'IPQG<3WPA-k1U5 ) � - 
 [ 
 Y

�
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� =Q_*-0/ ' DE=@BF;AGIH
-0/21 w -O/2- �#/21
H _*-k+�-O5S=@;A-k_ 3WH � 3*'0DkM<-k1
H�-O/ ?�v
� ):5:?AGA/y' -.Hq3*5 	 14-.- w\w\w Y DE=eBF;AGIH
-O/����]Y =*/ P]n � J�3*'0_ 3WH 	$/y):'0DE-.H
=e'
?�v +�=@' �(-0GABR3*'A' -.H 3*57J�):' HVM<- ���
	��01lY

fetch instruction
execute operation
store result

I/O Memory
program

data

CPU


 =Ww f
5S-k+�-O5!5,3*'IPQG<3WP*-k1 w -O/2- G<14-k_ H
= ;</2=^PQ/>3*B HNM<-OB 6

% � 3<DkM*):'<- 5S3*'IPQG<3WPA-
�
���������������������
�
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�
�
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�
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�
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% � 1414-0BF?A5,v 5S3*'IPQG<3WPA-
������� �
���
� �
��� ���� !

�$=^HNM 3I/2-FH
-k_e)C=eG<1lJ�-O/y/2=*/ f
;</2=@'<- wL3xv�1 =^9 1 ;A-kD.),9>v<):'IP
! "�# ��$%� Y

&
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constraints

increasing
abstraction

application

programmer
needs

requirements

language
programming

von Neumann
architecture

b\M<- �!/21
H 1 G0D DE-k141
9 GA5 ;</2=^PQ/>3*BFB )d'IP 5,3*'IP@G<3WPA- w 3I1 ������b�� � �
	������$BFGA5S3 b�� � �(1 5,3WHo)C=e' � _*-.+.-05,=@;*-W_ ?.v 3 H
-.3*B 3WH 8 � � 5S-k3<_
?�v 	�=eMA' �$3<D �IG<1i):' HVM<- B )C_ �
� ���01lY

������b�� � � wL3I1 _*-.1V),PQ'<-k_ 92=*/ 1 D.)C-0'IHN)�� D DE=@BF;AGIHN):'IP 3*'0_ ):'IHV/>=Of
_@G0DE-W_ 14v<BF?A=@5 )CDT-�{O;</2-.141V)C=e'<1r3*'0_ 1 GA?Wf
;</2=OPQ/23*BR1lY

 =Ww -k+�-O/ J"-�� D.),-O'IHU):BF;A5,-0BR-O'IH�3WHN),=@' wL3I1iDk/ G0D.),3*5#H
= HNM<- 3<D DE-O;Wf
H
3*'0DE- =^9
������b�� � � Y

�
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1950

1960

1970

1980

1990

2000

2010

Fortran

Fortran95

Fortran77

Basic

Smalltalk

Ada

Algol60

Cobol
Lisp

APL

PL/1

CPL

Simula67BCPL

Algol68
Pascal

Prolog

Icon

C++

Miranda
Perl

SML

SML97

LML

Haskell

Haskell98

HAL

CLP

1936 lambda−calculus

C#

JavastdC++

CAML

Python
J

C

�
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� ;<3I/>H$9 />=@B ������b�� � � 14=@BR-�=^9]HNM<-rBR=*1
H ):'��#G<-O'IHo)C3*5I5S3*'IPQG<3WPA-.1
M<3I+�- ?*-k-O'Q6
� 
 � � 
 � �]6��L-k+�-O5S=@;A-W_ ):' �
� ���Wf � � 9>=*/X'AGABR-O/c) DE3*5#DE=@BF;AGIHN):'IP!Y
8p'IHV/2=@_@G0DE-W_ ?A5S=QD � 1
HN/ G0DlHVGA/>- 3*'0_ />-WDkGA/21V),=@'QY
	 � � � 
 6
�(-k+�-O5S=@;A-k_ )d' ���
���Wf � �F?�v �L/>3<DE- 
 =@;A;*-O/�92=*/�?AG<1V)d'<-.141
;</2=^P@/23*BFB ):'IP!Y 8 'IHN/2=@_@G0DE-W_F_*3WH
3i_*-k1 Dk/c)d;IHo)C=e'<1 3*'0_��!5,- M<3*'0_@5 ):'IP�Y

 87[ 		6��(-k+�-O5S=@;A-k_ )d' ��� � � f �
� ?.v 	�=eMA' � D 	 3</ HVM<vF92=*/ 14v<BF?A=@5 ) D
DE=@BF;AGIHo)d'IP 3*'0_ � 8 Y 8 H wL3I1 HVM<- �#/>1
HF9 GA'0DlHo)C=@'<3*5(;</>=^PQ/23*BFB ):'IP
5S3*'IPQG<3WPA-ZY
[�8 � & 
 � �
� 6��L-k+�-O5S=@;A-W_ )d' ��� �
� ?�v � 5S-�f 	�=@M<3*' �L3*MA5<3*'0_ � /y),1�f
H
-0' �(vxPA3I3I/ _ 92=*/ 1V)dBFGA5S3WHN),=@'QY 8 H w 3I1 HNM<- ;</2-kDkGA/214=*/ H
= =@?Wf
� -WDlH =*/y),-O'IH�-W_ ;</>=^PQ/23*BFB ):'IP )d'IHN/2=@_@G0D.)d'IP M*),-O/23I/2DkM*) DE3*5 5,v =*/ PA3kf
'*)��l-W_ Dk5,3I1414-.1lJ�=@? � -kDlH
1 w ),HNM _*v0'<3*B )CD 5S=@= �IGA; 3*'0_ DE=@'0DkGA/y/2-O'0DEvZY
	 � � 
 � �X6��(-.+.-05,=@;*-W_ ):' ��� ��� ?�v � 5S3^)d' 	 =e5:BR-0/23*G<-O/�9>=*/ � 8 Y 8 H
wL3I1 HVM<- �#/>1
Hi5S=^P@)CD ;</>=^PQ/23*BFB ):'IP 5,3*'IP@G<3WPA-ZY

�
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% � ' GA'0_*-O/y5,vI)d'IPTDE=eBF;AGIH
3WHN),=@'iBR=Q_*-O57J<-KY P!Y HNM<- +.=@' �(-0GABR3*'A'
3I/ DkM*)SH
-kDlHVGA/>-ZJ<HVM<-�5S3*BF?K_*3 DE3*5CDkGA5 G<1lJK;</2-k_e) DE3WH�- DE3*5,DkGA5 G<1lJ0DE=@'Wf
DkGA/y/2-O'IH -k+�3*5:G<3WHo)C=e'QJ#-�H4DOY Y

% �(3WH�3 H v0;*-k1q3*'0_ =e;A-O/>3WHN),=@'<1lJ�-KY P!Yi/2-.3*5,1lJ$):'IH
-.P*-O/21lJ�5 )C1
H�1r3*'0_
/>-WDE=*/ _*1lY

% � ?<1
HN/23<DlHN),=@' 923<D.):5 ),Ho)C-.1lJ�-KY P!Y 9yGA'0DlHN),=@'<1 =*/z;</2=@DE-W_@GA/>-k1lJ 3*?Wf
1
HN/23<DlH _*3WH
3 H v<;A-.1 	 Dk5,3I1414-.1 � Y

% 	 M<-WD �W):'IP 3*'0_ -0'I92=*/ DE-0BR-O'IH JU-KY P!Y H v<;A- DkM<-kD �I):'IP!J 3I/ /23xv f
?A=eGA'0_*1qDkM<-WD �W)d'IPhJ�;</2=^H�-WDlHo)C=@' =^9 ;</y),+.3WH�- _*3WH�3@Y

�
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	$/2=^P@/23*BFB ):'IP 5S3*'IPQG<3WPA- _*-.+.-05,=@;ABR-0'IHL_*=e-k1\'<=^H =QD DkGA/$)d'i3 +�3<D f
GAGAB Y 8:H\)C1 3���-kDlH
-W_ ?�v�HVM<-TGA'0_*-O/y5,vI)d'IP M<3I/2_^wL3I/2-KJeHNM<- =@;*-O/23WHo)d'IP
-O'<+I):/2=@'ABR-0'IH 3*'0_ HNM<- 3*;A;A5 )CDE3WHN),=@' _*=@BR3^):'<1lY

b\M<-O/>- M<3I+�- ?A-k-0' HVMA/>-k- BR3^):' -O/23I1l6

% � 3^):'I9 />3*BR- t /23 	 �
�
	��01 
 �
� � �01 � �Z)d/>1
HR?<3WH4DkMQJ�HNM<-O' ):'IH
-0/23<D f
Ho)C+�- ;</2=@DE-k141V):'IP!Y 	 � 5 HVM<=eGIPQM HNM<-�BR3^)d'I9y/23*BR- ),1�9>3</]9y/2=@B _*-.3<_
):' � �%� � Y �

% 	h-O/>14=@'<3*5 	 =eBF;AGIH
-O/ t /23 	 �
� � �01 
 ���
�%�<1 � ��&u8d1lJ 3*5S14= -0BUf
?A-k_A_*-W_ 14v�1
H
-OB -O'<+I):/2=@'ABR-0'IH
1lY ��)C14- =^9 � � 5S3*'IPQG<3WPA-k1lY

% �(-�H wL=*/ �W)d'IP t /23 	y9 />=@B 5S3WH
- �����%�01 � []-kDkGA/y)SH v Ji_e),1
HV/y):?AGIH
-k_
DE=@BF;AGIHo)d'IPhJZ):'IH
-0/ '<-�H(;0/>=^PQ/>3*BFB )d'IP 3*'0_T_*=@DkGABR-O'IH(;</2=@DE-k141�f
):'IP!J"GA'IHV/>3^)d'<-k_ ;</>=^PQ/23*BFBR-0/21lY 	�3I+�3@Jh1 Dk/y):;IHN):'IP 5S3*'IPQG<3WPA-k1lY

���
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��� � �01� ;A;A5 ) DE3WHo)C=@' � 3 � =*/\5S3*'IPQG<3WPA-.1 �XHVM<-0/ 5S3*'IPQG<3WPA-.1
�	G<1V):'<-k141 	 � � � 
 � 1414-OBF?A5S-O/
[ D.),-O'IHo) �]D ������b�� � � � 5SP*=@5pJ � � [�8 	 J

� 	 

[]v�1
H
-0B � 1414-OBF?A5S-O/ 	 ����8 � 
 J �W=*/>HVM
� 8 
 87[ 	 [ � � � � 


b#=Q_*3xv
� ;A;A5 ) DE3WHo)C=@' � 3 � =*/\5S3*'IPQG<3WPA-.1 �XHVM<-0/ 5S3*'IPQG<3WPA-.1
�	G<1V):'<-k141 	 � � � 
 J 	���� J

1 ;</2-k3<_*1 M<-.-.H�1lJ
	�3I+.3

	 J 	 
 n��AJ 	 � 
 1

[ D.),-O'IHo) �]D ������b�� � � J 	 J
	���� J 	�3I+�3

� � [�8 	

[]v�1
H
-0B 	 J 	���� J 	�3I+.3 � _*3@J � =@_@GA5,3
� 8 
 87[ 	 J 	$/>=@5,=OP
	$GA?A5 ),1 M*):'IP 
 b � 
 J 
�� 
 J

b�- 
 J 	h=*1
H
1 Dk/c)d;IH J
	 � �hJ w =*/ _ ;</2=Of
DE-k141V):'IP

	$/2=@DE-k141 & ��8 
 1 M<-O5 57J b 	 
 J
	!-0/ 57J 	�3I+.3An@t 	 � �
1 Dk/y):;IH

� � � J � 3</>+.-05pJ
	"v�HNM<=@'

�(-�w ;<3</>3<_e),P@BR1 � 
 J 
 3I1 � -O5 5pJ
[#BR3*5 5SH�3*5 �

t ) ��-O5

� �
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% 	 5S3</c),H v J�1V):BF;A5 ) D.)SH v 3*'0_ GA'*)SH ve6 3 1 BR3*5:5u'AGABF?*-O/F=^9`_e) ��-0/ f
-0'IHi=*/ HVM<=^P*=@'<3*5�DE=@'0DE-O;IH�1 w )SHVM 1V)dBF;A5S- / GA5S-k1 9>=*/\DE=@BF?*):'*)d'IP
HNM<-OB Y

% �(3WHNGA/23*5 '<-k141�9>=*/ HNM<- 3*;A;A5 )CDE3WHN),=@'QY
% [!GA;A;A=*/>H 92=*/ 3*?<1
HV/>3<DlHN),=@'QY
% te3I14- =O9(;0/>=^PQ/>3*B +�-O/y)�� DE3WHo)C=@'QY
% 	$/2=OPQ/23*BFB ):'IP -O'<+I)d/>=@'ABR-O'IH Y
% 	 =*1
H =^9(G<14- 	 =*1
Hr)d'0Dk5 G0_*-k1l6

 DE=*1
H =^9(;</2=^P@/23*B -�{k-kDkGIHN),=@' 	 - � D.)C-0'0DEv �

 DE=*1
H =^9(;</2=^P@/23*B HN/23*'<1 5S3WHN),=@'

 DE=*1
H =^9(;</2=^P@/23*B Dk/>-k3WHo)C=@'

 DE=*1
H =^9(;</2=^P@/23*B BR3^):'IH
-0'<3*'0DE- 3*'0_ BR=@_e) �]DE3WHN),=@'QY

% 	h=*/>H�3*?*)d5 ),H v

�X9 DE=@GA/>14- 1V)dBF;A5Sv ?A-<)d'IP ?A-�H�H
-0/ _*=@-k1 '��CHiBR-.3*' HNM<3WH 3 5S3*'IPQG<3WPA-
w )d5 5!?A- 3<_*=@;IH�-W_ 
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[]v<'IH
3W{ +�-O/>1 G<1�14-OBR3*'IHo) DE1lY

	 =@5S=*/ 5S-k141 PQ/2-.-O' ) _*-.3I1 1 5S-k-O; 9 GA/c)C=eG<1 5,v � �L=*3*B 	 M<=eBUf
1 �xv

� ):/ _*1i),1 PA3I/ _*-O' 9yGA5:5 � �^/2-kv 3 �$-.vl-0/ 	 3WPA- � �

b\M<- 14v<'IH
3W{ =^9L3 5S3*'IPQG<3WPA- 1 ;A-kD.) �Q-k1RM<=Ww -05,-0BR-O'IH
1U):' HVM<- 5S3*'Wf
PQG<3WPA- DE=@BF?*):'<-FH
= 92=*/yB +�3*5 )C_ a 14-0'IH
-0'0DE-k1lY g

b\M<- 14-OBR3*'IHo) DE1U=O9 3 5S3*'IPQG<3WPA- 1 ;A-WD.)��]-k1iw M<3WHqHVM<- -05,-0BR-O'IH
1R)d'
HVM<- 5S3*'IPQG<3WPA- BR-k3*'QY

t�Y P!Y���� ��� ��BR-.3*'<1�+�-O/2vR_e) ��-O/2-0'IH HNM*)d'IP*1 ):' 	 3*'0_ )d' 	�/>=@5S=^P!Y

� �
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	$/2=^P@/23*BFB ):'IPU5,3*'IP@G<3WPA-u14v0'IH�3W{ ),1�G<1 G<3*5 5SvX1 ;A-kD.) �]-k_TG<1V):'IP 3 +�3I/y) f
3*'IH =^9 DE=@'IH
-�{.Hsf 9 />-k- PQ/23*BFBR3I/>1lY

� '<- DE=@BFBR=@' '<=^H�3WHN),=@' ),1 � � � 	 �$3<D �IG<1�f �(3*GA/ �I=*/ B � Y �I=*/�-.{xf
3*BF;A5S-ZJ

���������	��
�
 � 
�������� �����������������! #"$ %��&'��() *�,+)-

w M*)CDkM M<3I1 HNM<- DE=*/y/2-.1 ;A=@'0_e):'IP 14v<'IH
3W{ _e),3WPQ/23*B

while

loop:

expression { statement }

	$/2=^P@/23*BFB ):'IP 5S3*'IPQG<3WPA- 14-OBR3*'IHo) DE1�DE3*' ?A- 1 ;A-WD.)��]-k_ G<1V)d'IP!6
% 3*' =@;A-0/23WHo)C=@'<3*5E14-OBR3*'IHN)CDE1lJ^)pY -KY	3 1V)dBF;A5 )��]-W_�-�{k-kDkGIHN),=@'qBR=Q_*-O57Y
% 3 _*-0'<=^H
3WHo)C=@'<3*5�14-OBR3*'IHN)CDE1lJ ) Y -KY )d' H�-O/ BR1 =O9�BR3WHVM<-0BR3WHN)CDE3*5
9yGA'0DlHN),=@'<1lY

% 3*' 3W{0),=@BR3WHo) D 14-0BR3*'IHN)CDE1lJi)pY -ZY ):' H
-0/ BR1 =^9FBR3WHVM<-0BR3WHN)CDE3*5
5S=^P@)CDOY

� �



� � � � ��� �������!�I
 �	�

��3I/y),-k1i?*-.H w -k-O' )d'IH�-O/ ;</>-.H
3WHo)C=e' 3*'0_ DE=@BF;*):5,3WHo)C=@'QY
� ;</2=OPQ/23*B DE3*' ?A- /yGA' G<1V)d'IP 3*' )d'IH�-O/ ;</>-.H
-0/
6\3 ;</2=^P@/23*B w M*) DkM
-.{.-WDkGIH�-k1\HVM<-`;</2=OPQ/23*B _e)d/>-WDlHN5,v 	�'<= -�{k-kDkGIH
3*?A5S-F),1\Dk/2-.3WH
-W_ � Y � '
):'IH
-O/y;</2-.H�-O/$3<DlH�1(3I1(3 14=^9>H w 3I/2- 1V)dBFGA5S3WHN),=@'R=^9�3RDE=@BF;AGIH
-0/�w M*) DkM
GA'0_*-O/>1
H
3*'0_UHVM<-qM*)SPQMWf
5S-k+�-O5W;</>=^PQ/23*B DE=@'<1
HN/ G0DlH
1L/>3WHVM<-0/!HVM<3*'iBR3kf
DkM*):'<- ):'<1
HV/yG0DlHN),=@'<1lY t"Y PhY �$3I1V)CDOJ 
 b � 
 Y

	$/2=^P@/23*BR1 DE3*' ?A- DE=@BF;*):5,-k_ =*/uHN/23*'<1 5S3WH
-W_ )d'IH�= BR3<DkM*):'<- DE=Q_*-
w M*) DkM )C1 _e)d/>-WDlHN5,v -�{k-kDkGIH
-W_ =@'zHNM<-TDE=@BF;AGIH
-0/ Y�tZP!Y ������b�� � � J
	 J 	���� Y

�X9 H
-O' 3 M<v0?</c) _ 3*?<1
HV/>3<DlH BR3<DkM*):'<-�f�?<3I14-W_ 3*;A;0/>=*3<DkM ),1 G<14-W_ )d'
w M*) DkM ;</2=^P@/23*BR1 3I/2- DE=@BF;*):5S-W_ ):'IH
= 5S=WwL-O/ f
5S-k+�-O5 3*?<1
HV/>3<DlH BR3kf
DkM*):'<- DE=@_*- w M*) DkM )C1 HVM<-0' ):'IH
-O/y;</2-.H�-W_hY�tZP!Y 	$/2=@5S=^P!J 	�3I+�3@Y

� &



 !� � ���
� ��� � 
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� ;A;A5 ) DE3WHo)C=@'<1 DE3*' ?A- GA'0_*-0/21
H�=@=Q_ ):' H�-O/yBR1 =^9U3 M*),-O/>3</2DkM<v =^9
+I)d/ HVG<3*5�BR3<DkM*):'<-k1lY

te3<DkM 5,3xv -O/rM<3I1 )SH
1z=Ww ' 5,3*'IP@G<3WPA- 	 1 �R3*'0_ ;</2=^P@/23*BR1 3I/2- ):'IH
-0/ f
;</2-�H
-W_ =*/ DE=eBF;*)d5S-W_ )d'IH�= HNM<- 5,3*'IPQG<3WP*- =^9�HNM<- 5S3xvl-O/(?*-O5S=Ww Y

�I=*/�-�{k3*BF;A5S- DE=@'<1V) _*-0/ 3 wL-0? 3*;A;A5 ) DE3WHo)C=@' w /c),H H
-O' )d' 	�3I+.3@6

� -O? � ;A;A5 )CDE3WHN),=@'
	s)dBF;A5S-OBR-0'IH
-k_ ):' 	�3I+�3@6 8 Y -KY 3*' )d'IH�-O/y;0/>-.H�-O/ w /y)SH�H�-O' )d'
	�3I+�3 �
	�3I+�3
	 DE=@BF;*):5,-k_ ):'IH
= 	�3I+.3 � ?<1
HV/>3<DlH � 3<DkM*):'<- �
	�3I+�3 � ?<1
HN/23<DlH � 3<DkM*):'<-
	s)d'IH�-O/y;0/>-.H�-O/ w /y)SH�H�-O' )d' 	 �
	

	 DE=@BF;*):5,-k_ ):'IH
= � 1414-OBF?A5Sv 5,3*'IPQG<3WP*- �
� 1414-OBF?A5Sv 5S3*'IPQG<3WPA-
	 DE=@BF;*):5,-k_ ):'IH
= BR3<DkM*)d'<- DE=Q_*- �
� 3<DkM*):'<- DE=@_*-
	s)d'IH�-O/y;0/>-.H�-W_ ?�v HVM<- �#/yB wL3I/2- DE=@BF;AGIH�-O/ �
�e):/ B w 3I/2-
	s)d'IH�-O/y;0/>-.H�-W_ ?�vqB ) Dk/>=QDE=@_*-�-.{.-WDkGIH�-W_F?.vuHNM<-�3<DlHVG<3*5WDE=@BUf
;AGIH
-0/ �
� DlHVG<3*5 	 =@BF;AGIH�-O/ � ) Dk/>=QDE=@_*-
	s)dBF;A5S-OBR-0'IH
-k_ ?�v ;AM<v.1V)CDE3*5 _*-k+I)CDE-k1 �

� �
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 �	�"���r���
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�*GA'0DlHo)C=@'<3*5i5,3*'IP@G<3WPA-k1 3</>- 14=Of DE3*5 5S-W_ ?A-WDE3*G<14- ;AGA/2- 9 GA'0DlHo)C=e'<1
3I/2- HVM<- ?<3I1V)CD ?AG*):5,_e)d'IP ?A5,=@D �x1`9 />=@B w M*)CDkM ;</2=OPQ/23*BR1z3</>- DE=@'Wf
1
HV/yG0DlH
-k_hY

�*GA'0DlHo)C=@'<3*5e5,3*'IP@G<3WPA-k1\3I/2-z):'<1 ;*)d/>-W_ ?.vzBR3WHVM<-OBR3WHo) DE3*5O9 GA'0DlHo)C=@'<1lY

tZ{k-kDkGIHN),=@' ),1 ?<3I14-W_ =e' 9yGA'0DlHN),=@' 3*;A;A5 ) DE3WHo)C=e'QJu'<=^H 3I141V)SPQ'ABR-O'IH
H
= BR-0BR=*/2v 5S=QDE3WHo)C=@'<1lY

�*GA'0DlHo)C=@'<1$3I/2- �#/21
Hsf Dk5S3I141�=e? �s-kDlH
1�3*'0_UBR3�vu?A-�M*)SPQM<-0/ f =*/2_*-O/ 3*'0_QnW=*/
/2-kDkGA/21V),+.-KY

��������� � 5S=@' �l= 	 MAGA/ DkM _*-k+�-O5S=@;A-k_ HVM<- �<f DE3*5,DkGA5:G<1lY
���
	�� 	�=@MA' � D 	 3I/>HNM<v _*-k+�-O5S=@;A-W_ 
 8p[�		Y
�����
	 	!-�H
-O/ 
 3*'0_e)d' _*-.+.-05,=e;A-W_ 87[ � 8 � Y
��������� �"=@?*):' � ):5:'<-0/L_*-.+.-05,=@;*-W_ � 
 Y
��������� �(3I+I) _ b�GA/y'<-O/L_*-k+�-O5S=@;A-W_ � ):/23*'0_*3@Y
��������� 	h3*GA5 
 G0_*3 �F-.H 3*5 _*-.+.-05,=@;*-W_ 
 3I1 � -O5 5pY

� 3*'<vF) _*-.3I1q;*),=@'<-.-O/2-k_ w )SHVMF9 GA'0DlHo)C=e'<3*5!5S3*'IPQG<3WPA-k1rM<3I+�- BR=*+�-W_
):'IH
= BR=*/2- HV/>3<_e),Ho)C=e'<3*5�5,3*'IPQG<3WP*-k1l6

% 	 =@BF;A5S-.{ H v0;A-.1
% 
 )SPQM<-0/ f =*/2_*-O/ 9 GA'0DlHo)C=@'<1
% � GIH�=@BR3WHN)CD BR-0BR=*/2v BR3*'<3WP*-OBR-O'IH 	yPA3I/ ?<3WP*- DE=@5 5S-WDlH
=*/ �

� �
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 ),1 ; ),1 H v0;A-05,-.141l6 ),H�1 =@'A5Sv M<3I1i[ef -.{0;</2-.141V)C=@'<1lY

b\M*),1$HN/2-.- /2-0;0/>-k14-0'IH
1�HNM<- [@f -.{0;</2-k141V),=@' �������	��

����������������������������

�������

a nil b c

d nil

b\M<- 92=@5 5,=Ww ):'IP 9 GA'0DlHN),=@' />-.HNGA/ '<1�HVM<- ):'IH
-O/>14-WDlHo)C=@' =^9�H wL= 5 )C1
H�1l6
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 )C1 3 w ) _*-05,v G<14-W_ 9 GA'0DlHo)C=e'<3*5";</>=^PQ/23*BFB ):'IP 5,3*'IP@G<3WPA-ZY

	s[QH�3*'0_*3</2_ � � 
 w 3I1 =*/c),P@):'<3*5 5,v _*-k+�-O5S=@;A-W_ ?�v �"=@?*-O/>H 
 3I/ ;*-O/ J
�(3I+�- � 3<D � G<-k-0' 3*'0_ �"=@?*)d' � )d5 '<-O/�9>=*/ HNM<-k=*/>-OB ;</>=*+<):'IP!Y

8 HR),1 3 1V):BF;A5,-KJ�-05,-�PA3*'IHRM*),PQMWf�5,-.+.-05�5S3*'IPQG<3WPA- ;<3</ HN)CDkGA5,3I/y5,v G<14-�9 GA5
92=*/ 14v<BF?A=@5 ) DTDE=@BF;AGIH�3WHN),=@'QY

� 
 M<3I1 HVM<-F9>=@5:5S=Ww )d'IP DkM<3I/23<DlH�-O/y),1
HN)CDE1l6

% �Z)d/>1
H f Dk5S3I141iM*)SPQMWf =*/ _*-O/ 9 GA'0DlHo)C=e'<1lY
% [@HV/y)CDlH�9 GA'0DlHN),=@'<1 	 DE3*5:5<?�v +.3*5 G<- � JK):'<+.= � -W_`?�vr;<3WH�H�-O/y'TBR3WH
DkMWf
):'IP!Y

% 	h=@5Sv0BR=*/y;AM*) D 1
H
3WHo) DRH v<;*)d'IP!Y
% 8pBF;A5 )CD.)SHrBR-OBR=*/2v BR3*'<3WPA-OBR-0'IH JhPA3I/ ?<3WPA- DE=@5 5,-kDlHN),=@'QY
% �"-.9>-O/>-O'IHN),3*5 HV/>3*'<1 ;<3</>-O'0DEv Y
% � =@_@GA5,- 14v.1
H�-OB Y
% tZ{WDE-0;IHN),=@' M<3*'0_@5 ):'IP!Y

� �
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� - 1 M<3*5 5"G<14- � 
 � � 3*'0_ HVM<- [ � 
 n � 	 	 [@H
3*'0_*3I/ _ � 
 =O9 �(-�w
	�-O/>14-kv � )dBF;A5S-OBR-0'IH
3WHo)C=@'QY

[ � 
 n � 	 )C1 )d'<1
H�3*5:5S-W_ =@' (�� � ������� ����� � -60+
3��*�� ���)��2����+2 3*'0_ HVM<-

 ):'AGI{ BR3<DkM*):'<-k1lY
� =@G DE3*' _*=Ww 'A5S=*3<_ 3 [ � 
 n � 	`9>=*/ vl=@GA/ M<=@BR- DE=@BF;AGIH�-O/ 9 />=@B

��&�&�� "	�
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�
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�� �<05(
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 )C1 ):'IH
-0/23<DlHo)C+�-ZY � =eG DE3*' -O'IH�-O/ -.{0;0/>-k141V),=@'<1 92=@5 5S=WwL-W_ ?�v
14-OB )CDE=@5S=@'Q6

� � $ ���

� 
 -.+.3*5 G<3WH
-.1(HVM<- -�{O;</>-k141V),=@' />-.HNGA/ '*):'IPFHVM<-U+�3*5:G<-i3*'0_ ),H�1 H v<;A-ZY

� � � �7& # � " �"
�&

�(=^H�-THNM<3WH �7& )C1u3`1 ;A-WD.),3*5Q+�3I/y),3*?A5,-Rw M*)CDkM ),1u14-.HXH�= HNM<-`+�3*5:G<-T=^9
3*'<vF-.{0;</2-.141V)C=@' H v0;A-k_ ):' ):'IH
-0/23<DlHN),+�- BR=@_*-ZY
tZ{O;</2-.141V)C=e'<1qDE3*' H
3 � - GA; BR=*/2- HNM<3*' =@'<- 5 )d'<-K6

� � ��� �
# � � ���
� � � �7& # � �	� " (�� � �

[]=U)S9 vl=@G PA-�H�HNM<-r;0/>=@BF;IH�
 # �<)SH	BR-k3*'<1�HNM<3WH v =@G M<3I+.-0'�� H �#'*)C1 M<-k_
H v<;*)d'IP v =@GA/ -.{0;0/>-k141V),=@'QY
8 9�v =@G`M<3I+�- 3z5S3</ PA- 	 =*/�-.+.-0' 1 BR3*5 5 � ;0/>=^PQ/>3*B H
= / GA'`/2-O;*-k3WH
-k_@5,v J
vl=eG _*=e'�� HqwL3*'IH�H�= H v0;A- )SHr3WPA3^):' -k+�-O/2v Ho)dBR-KY [#GA;A;A=^14- 8 M<3I+�-
3*' � 
 ;</2=^PQ/>3*B ):' HNM<- �#5S- ��(�0�� � - �OY 8�DE3*' 5S=*3<_ HNM<- ;</>=^PQ/23*B
9 />=@B HVM<- � 
 14v�1
H
-0B ?�v`H v<;*):'IP

� 2!*)� � ��(�0�� � - �
� �

� '<v ;<3WHVMA'<3*BR- DE3*' 3*;A;A-.3I/ ):' HVM<- 1
HN/y):'IP!Y
� =@G 5S-k3I+�-FHVM<- 14v.1
H�-OB ?.v H v0;*):'IP DE=@'IHV/>=@5 f � Y

|~�
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% � M<3WH 3I/>- ;0/>=^PQ/>3*BFB )d'IP 5S3*'IPQG<3WPA-k1 3*'0_ w M<v`HVM<-.v`wL-0/2- ):'Wf
+�-O'IH�-W_hY

% 
 ),1
H
=*/c) DE3*5Q=*+.-0/2+I)C-�w Y
% 8p'IHV/>=Q_@G0DlHN),=@' H�= �*GA'0DlHo)C=e'<3*5 
 3*'IPQG<3WPA-.1r3*'0_ � 
 Y

� �	� � � ��� �

%Ub\M<- 5S3*'IPQG<3WPA-k1 	 
 n�� 3*'0_ � _*3 wL-0/2-q_*-k1V)SPQ'<-k_zH
=F?A- GA'*),+.-0/ f
143*5�;</2=^P@/23*BFB ):'IP 5S3*'IPQG<3WPA-k1lY 
 =Ww w -O5 5 _e) _ HNM<-kv 1 G0D DE-k-k_��
� ),+.-F3 ;A=*141V):?A5,- -.{0;A5,3*'<3WHo)C=e'QY

%�� ),+.- H w = 3*;A;A5 ) DE3WHo)C=@'<1rHNM<3WH 	 ),1r1 G*),H�-W_ H
= 3*'0_ H wL= HNM<3WHi)SH
),1iGA'<1 G*)SH
3*?A5S- 9>=*/ Y

% &�14- � 
 H
= -.+.3*5 G<3WH
- �QY � � 	hY � 3*'0_ � � 	hY �]YRtZ{0;A5,3^):' HVM<-
3*'<1
w -O/ Y

|2|


