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Abstract 

 
An information service stores information about the resources and services within a 
distributed computing environment and answers queries about it. This dissertation 
presents the design of several important components of the Relational Grid Information 
System (RGIS). 

 
The query rewriting component handles the challenges originating from the powerful 
features of relational algebra - some complex queries may be too expensive for RGIS. 
We have developed several query rewriting techniques to trade off the query time with 
the number of results returned. These techniques make it feasible to provide the 
flexibility and power of a relational data model in a GIS system while controlling the 
costs. 
 
The topology generation and annotation component helps to evaluate the performance of 
such information servers. GridG is a synthetic grid generator that can generate annotated 
Internet topologies including routers, IP links, and end systems. GridG is the first 
synthetic grid generator that follows the power laws of Internet topology while 
maintaining a clear hierarchical network structure. We also discovered interesting 
relationships among the power laws. 
  
The scheduling component helps to enhance system performance by minimizing mean 
response time. We studied the performance of size-based scheduling policies as a 
function of correlation between job sizes and their estimations, and explored several 
estimators.  We have learned that it is feasible to deploy size-based scheduling on RGIS 
servers. 
A centralized relational information RGIS server can not scale with the distributed 
computing environment. A distributed RGIS can potentially scale by forming an overlay 



network and sharing load among the servers.  Weak consistency needs to be maintained 
among the RGIS replicas with a content delivery network propagating updates. For 
efficiency and scalability, we designed a novel overlay multicast protocol that emulates 
the fat-tree architecture on the WAN (This work was done in collaboration with Stefan 
Birrer and Fabian Bustamante). 

 
The transfer prediction component is responsible for predicting the update transfer time 
accurately in a real time manner on the overlay network. We developed a novel TCP flow 
rate monitoring and prediction framework that can predict serial as well as parallel TCP 
flow rates accurately with low overhead. 
 
Our next step is to integrate these components into RGIS. 
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Oracle 9i Back End
Windows, Linux, Parallel Server, etc

Oracle 9i Front End
transactional inserts and updates

using stored procedures,  
queries using select statements
(uses database’s access control)

Update
Manager

Web Interface

Content Delivery 
Network Interface

For loose consistency

Query Manager
and Rewriter

Users

Schema, type hierarchy, indices,
PL/SQL stored procedures 

for each object

Applications

RDBMS

site-to-site 

Updates encrypted 
using asymmetric 
cryptography on 
network.  Only those 
with appropriate keys 
have access

Authenticated Direct Interface

SOAP Interface

Scoping Rewrite

Canned
Queries

Canned 
Approximate

Queries

Nondeterminism Rewrite

Time Bounding
(And Iteration Of Query)
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id => time, rand
insertids

id => { id}
virtuals

id => id
futures

id => endtime
leases

resource metadata

Users, Groups,
Capabilities, Sessions,
Resource limits…
Essential views
user => { capability}
user => { resource limit}  

security

id,type,name,blob
moduleexecs

id,type
datasources

id,type,module,datasource

endpoints
id,moduleexec

modules

software layer

id,typeinfo,distip
hosts

id,typeinfo,distip
routers

id,typeinfo,blob
routerbenchmarks

id,typeinfo,blob
hostbenchmarks

network layer

id, name, desc

archtypes, routertypes, 
switchtypes, linktypes,  
ostypes, osvendors, 
hardwarevendors, 
linktypes, pathtypes, 
moduletypes, 
endpointtypes, 
datatypes, 
hostbenchmarktypes, 
routerbenchmarktypes

valid types

id,src,dest
iplinks

distip => { ip}
ipassocs

id,src,dest
ippaths

id,typeinfo,distadx
macswitches

id,typeinfo,src,dest
maclinks

data link layer

distadx => { adx}
macassocs

ip => macaddr
ipmacassoc

adx => macaddr
connectormacassoc

id,typeinfo,distadx
connectorswitches

id,typeinfo,src,dest
connectorlinks

physical layer

distadx => { adx}
connectorassocs
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CREATE t abl e hos t s (

di st i p var char 2( 15)      not  nul l  pr i mar y key,

name        var char 2( 256)     def aul t ( ' UNKNOWN' ) ,

numpr oc number            def aul t ( 1) ,

mhz number            def aul t ( 0) ,

const r ai nt  good_mhz_host s check  ( mhz>=0) ,

ar ch        var char 2( 32)      def aul t ( ' UNKNOWN' ) ,

const r ai nt  good_ar ch_host s f or ei gn key  ( ar ch)  

r ef er ences ar cht ypes( name) ,

hwvendor VARCHAR2( 32)      DEFAULT( ' UNKNOWN' ) ,

const r ai nt  good_hw_host s f or ei gn key ( hwvendor )  

r ef er ences har dwar evendor s( name) ,

os var char 2( 32)      def aul t ( ' UNKNOWN' ) ,

const r ai nt  good_os_host s f or ei gn key ( os)  

r ef er ences ost ypes( name) ,

osvendor var char 2( 32)      def aul t ( ' UNKNOWN' ) ,

const r ai nt  good_osv_host s f or ei gn key ( osvendor )  

r ef er ences osvendor s( name) ,

osver var char 2( 256)     def aul t ( ' UNKNOWN' ) ,

ker nel ver var char 2( 256)       def aul t ( ' UNKNOWN' ) ,

mem_mb number            def aul t ( 0) ,

const r ai nt  good_mem_host s check  ( mem_mb>=0) ,

vmem_mb number            def aul t ( 0) ,

const r ai nt  good_vmem_host s check ( vmem_mb>=0) ,

di sk_gb number            def aul t ( 0) ,

const r ai nt  good_di sk_host s check ( di sk_gb>=0) ,

l ocat i on    var char 2( 256)     def aul t ( ' UNKNOWN' ) ,

owner        var char 2( 256)     def aul t ( ' UNKNOWN' ) ,

descr i pt i on var char 2( 256) ,

i nser t i d number            not  nul l  uni que,

const r ai nt  good_i nser t _host s f or ei gn key

( i nser t i d)  r ef er ences  i nser t i ds( i nser t i d)

ON DELETE cascade

) ;

CREATE t abl e i nser t i ds (

not e      var char 2( 256) ,

t i me      t i mest amp  not  nul l ,

i nser t i d number              not  nul l  pr i mar y key,

r and      number              not  nul l

) ;

CREATE t abl e i passocs (

di st i p var char 2( 15)      not  nul l ,

i p var char 2( 15)      not  nul l  pr i mar y key,

i nser t i d number            not  nul l ,

const r ai nt  good_i nser t _i passocs f or ei gn key 

( i nser t i d)  r ef er ences i nser t i ds( i nser t i d)

ON DELETE cascade

) ;
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sub ARCHandOSandCPUrule {
my ($arch, $OS, $numcpu, $cpuspeed) = @_;
#add rules here

#rules end here
return 1;

}
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sub ARCHandOSandCPUrule {
my ($arch, $OS, $numcpu, $cpuspeed) = @_;
#add rules here
#example rule: Intel arch can't support more than 4 CPU/host
if(($arch eq "IA32") || ($arch eq "IA64")){

if($numcpu > 4) {
return 0;

}
}
#example rule: Max num of CPU is 1024
if($numcpu > 1024) {

return 0;
}
#rules end here
return 1;

}
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1. One CPU will have at least 64M memory.

2. One CPU will have at most 4G memory.

3. More CPUs, more likely to have bigger memory.

4. One CPU will have at least 10G disk.

5. More CPUs, more likely to have bigger disk.

6. More memory, more likely to have bigger disk.

7. More disk, more likely to have more memory.

8. Intel&Windows box will have at most 4 CPUs, 

other type may have up to 1024 CPUs.

9. Intel Arch and other Arch have different distributions 

of CPU MHZ.

10. Host load is not correlated to any other attributes.
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CPU Mhz

Memory
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OS vendor

OS Num of CPUs
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Is OS concentration on?

Select OS concentration 
percentage P.           
Select dominant Arch and proper 
dominant OS for the LAN.

Select Architecture  for the  host 
on the LAN. 

Select OS according to its arch for 
each host. 

Yes

Is OS concentration on?

Is OS concentration on?

change the selected host 
Arch to dominant Arch 
with the probability P.

If the host arch has been changed 
to dominant arch, change the 
host OS to dominant OS.

Is user rule satisfied?

Select number of CPUs, CPU 
clock rate according to arch for 
the host.

Select memory and disk size 
according to number of CPUs.
Apply promotion probability and 
rate functions.

Is user rule satisfied?

Select OS vendor according to its 
OS for the host. 

Is user rule satisfied?

Select Load value for the host.

Is user rule satisfied?

Is overall user rule satisfied?

Start

End

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Finished annotating all hosts 
on the LAN?

Yes
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sub promotionProb

{

my($numcpu, $maxcpu, $mincpu) = @_;

my $pp100;

$pp100=100*($numcpu-$mincpu)/($maxcpu-$mincpu);  

return $pp100;

}

� A2TC;U8D3 �U] s ����� A4)-3 (�8?XU8D>Cz�>�,�A4>C)&X-8K>CjV(�jUA272AG,[F dW;U)-/9,DA2>C)i]

sub promotionProb

{

my($numcpu, $maxcpu, $mincpu) = @_;

my $pp100;

$pp100=100*sqrt(($numcpu-$mincpu)/($maxcpu-$mincpu));  

return $pp100;

}
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;-5D398w/ (.)o5DXN3�/9A4d�FJ,�0U3�A28 >aOB)g8D(.,�3:(�)-HRX-8D>Cz�>�,DA2>C) ��H-3�z�>�,�A4>C)EdW;-)U/9,�A4>C)-59] � A4TC;-8D3 �U] s �B5D0->aOB5
(r72A4)-3 (�8YX-8K>Cz >.,�A2>�)LX-8K>CjV(�jUA272AG,[F\dW;-)-/�,�A4>C)iMwOB0-A4723 � A2T�;-8D3 �U] y.t 5D0U>^OB5k(SX=>aO:3�8odW;-)U/9,�A4>C)
OB0-3�8K3Y,D0-3JX-8D>Cj-(�j-A274A4,[F�>�dwX-8D>Cz�>�,DA2>C)&A4)-/�8K3 (�5K3�5Bd
(�5K,D3�8+OBAG,�0
,�0-3J)<;-zgjN3�8B>�d N 	��'5�]

�P>CTC3�,�0-398�M�,�0U3?X-8D>Cz�>�,DA2>C) ��H-3�z�>�,�A4>C)YX-8D>Cj-(�j-A274A4,[FY(�)UH�8D(.,�3+dW;U)-/9,DA2>C)-5w/�>C)�,�8K>C7U,D0-3?/�>C8��
8D3�72(.,�A4>C)Z/�>�3 ��/�A43�)�,gjN39,[O:3�39)*)<;-zoj=398g>�d N 	��'5g(�)-Huz�3�z�>C8KF >�8oH-A45�� 5DA���3�59]$e"0U>^OB)bA4)
� A2TC;U8D3 �U] y"s A45B,D0-3oA4) �V;-39)-/�3R>�d XU8D>Cz�>�,�A4>C)
X-8D>�jV(�j-A472A4,[F&(�)-H\8D(.,�3JdW;-)-/�,�A4>C)-5�] 
 d 5K,�8K>C)-TC398
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� A2TC;U8D3 �U] y�s � 
 ) �V;U3�)-/93\>�dJX-8K>Cz >.,�A2>�)*XU8D>CjV(.j-A274A4,[F (�)UH 8�(.,D3qdW;U)-/9,DA2>C)-5 >C) /9>C8D8K3�7h(�,�A2>�)
/�>�3 ��/�A43�)�,@j=3�,[O!393�)\)<;-zgjN3�8B>�d N65��'5'(�)-Hqz 39z >�8KF >C8?H-A25��x]

������� ��	���
 �
	�� ����� ����������� ������ !�" �%$ � '(�� )��%*,+ -.
 -.
 /1�32645������76�%�%��2 �.8 ��:�4
; <=;3> ;3>@?�? A1<�< D A ;�?1>@B�? � C 	�
 76�%��� ��
5! 7=�%�3�3��
5! 8
> ;�A ;�?�?�? F6; 8 > F�?�? 	L)#H C 
5� I��J�J��
5! I����,��
5! B
D B ;�A�?�? ;�?1>@B ;�A�? 
5	L)#H���D > 
6��M :��%" � 
6762 ;
B ; ;�F�?�? <=;3> F�? C )�D > 9 " 2 > $ ��" *3�����%�@K � D

� A2T�;-8D3 �"] yCy � e"3�)-5KA2j-743J0->C5K,D5BTC3�)-398�(.,D3�HSj<F&/�;-8K8D3�)�,pmJ8KA2Hxm (�)-)->.,1(.,D>C8�]

/�>C8K8D3�72(.,�A4>C)-5 (.8D3B8D3���;UA28D39HiM�j=>�,D0kX-8D>Cz�>�,DA2>C)k(�)UH H-39TC8�(.HV(.,�A4>C)IX-8K>CjV(�j-A472AG,[Fg(�)UH 8D(.,�3?dW;-)-/ �
,�A2>�)-5B(�8D3J/10->�5D3�)q,�>kA2)U/�8D3�(�5D3�d
(�5l,�398BOBAG,�06,�0U3Y)<;-zoj=398@>.dwX-8K>"/93�5K5D>C8K5�]

�?0UA25q(�72T�>C8DAG,�0-z (�)-H ,�0-3 H-3�d
(�;-7G,
8D;-743�56O!>�8��_O:3�747J(�)-H TC3�)-398�(.,D3 8D3�5K;-74,D56,�0V(.,S(�8K3
5D3�)U5DA2jU723�];:S>C8K3I8D;-743�5�/ (.)ZjN3I(�HUH-3�HL(�5E,D0-39F (.8D3IH-A45D/�>a`�3�8D39Hi] � A4TC;-8K3 �U] yCy 5D0->aOB5Y(�dW39O
8D3 (.5D>C)V(.j-723�0->�5K,�5@TC39)-3�8D(.,�39HSj�F6,�0U3Y/9;-8D8K3�)�,EmJ8KA2Hxm A2z�X-7239z 39)�,1(.,DA2>C)i]
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��0
�� �=<?> 	 �@> 
 � ��� 
�����	 ���BA���


�?0-3�)-z (�XLX=>C8l, � 5D/ (.)-)-A2)UTS,�>�>C7�' satCt ) 0V(.5R,�0U3&(�j-A472AG,[Fr,�>SH-39,D3�8Kz A4)-3�(q0->C5l,�P 5o>CXN3�8D(.,�A4)-T
5KF�5K,D3�z jV(�5K3�H >C) 0->aO A4,�5 � N65 ��C�5 A2z�X-7239z 39)<,�(.,�A4>C)rjN3�0-(a`�3�59];DQ3I;-5K3�HZ)-z (�X\,�>65K/ (�)
sat H-A �=3�8K3�)�,@/�7h(.5D5 NEC�5�)-39,[O:>C8GF<59M=jN>�,�0q(., ! >C8K,D0�O!395K,�398D)$(.)-HSjN3�74>C)-TCA4)-To,D> (k/�>�z XV(.)<F
,�0V(.,Ez�(.A2)�,1(�A4)-5'(�X=>�X-;-7h(.8@O:3�j$5KA4,�3.]@C[)$3 (./10$5D;-j-)U39,�O:3g>CjN3�8K`�3�H �Jer/�>�)-/�39)<,D8�(.,DA2>C)S,�>

-.�IH�:�25" J�:@�," ��2 
67LK525�J��!�����" 25:�21�#-.
 	 ���%*��321�,:MH����@K�*���25*��321�,�%:@�," ��2 	 ���%*3��21�,:MH�� �@K��%��*3�MH�25" J3��4 -.

�

 ; 9 " 2546�ON�� PQ8SRQ8 <UT F DLV >MW P FSW
!��OX5:�� �,���321� > 9 " 2546�ON�� D ; R@DSP T F DLV FSW F6;OW

D 89" 2=7ZY B�? R B�?[T ;�?�?SW ;�?�?SW\��]\ B 
6��M :��%" � A PMRMP A[T F�F V >MW A1<MW
!��OX5:�� �,���321� < 
6��M :��%" � B6; R B6;%T ;�?�?SW 8 BSW

A 
6��M :��%" � >=; R >=;%T ;�?�?SW 8 ASWP 76�%���3��
5! >=;�B R >=;�B^T ;�?�?SW F P W
)_XG�MX575M :�� F 76�%���3��
5! ;�F PMR ;�F P T ;�?�?SW F 8 WN��OK&�%" �,� 8 76�%���3��
5! ; 8 ; R ; 8 >`T 8M8 W 8 >MW

;�? 76�%���3��
5! P > RMP@D T 8M8 W 8 ;OWa �@�,:�M ��:�*,+6" 25��� 8SP A
� A2TC;U8D3��U] y �[b �Je&/�>C)U/�3�)�,D8�(.,DA2>C)q>Cj-5K3�8K`�3�H\A4)cC�5_5D;-jU)-39,D5�]
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`�(.8DA2>�;-5?H-3�T�8D3�395�MV,�0-(.,BA259MU,�0-398D3JO+(.5B,[F�X-A4/ (�7474F�>C)-3�H->Cz�A2)-(�)�,B>CX=398�(.,DA2)-TI5lF�5K,�39zS]
� A2TC;-8K3 �U] y �*5K0->aOB5S,D0-3 HV(.,1(bdW>C8q(�747E,�0-3 sat 5D;Uj-)-39,D5�] ! z�(.X /9>C;-72HU) P ,q8K3�/�>�TC)-A �93

39`C398KFI0U>C5K,
P 5 �JeRdW8D>�z AG,�5�� N65 ��C�5��V)-TC398DX-8KA2)�,�5 jN3�/�(�;-5K3@)Uz�(�XoH->"395D) P ,v0V( `C3��-)-TC3�8KX-8DA4)�,�5
dW>C8�(.727+`C398D5KA2>C)-5 >�d�3�`C3�8lF �Je=]��@>^O:39`�3�89M@)U>�,�A4/�3
,�0V(., 39`�3�)cAGdEO:3\(�5K5D;-z�3S,D0V(., (�727?,D0-3
;-)-8D39/�>CT�)-A �93�H �Je"395YO:3�8K3�>�d+(
,[F�XN3 >.,�0-398Y,D0V(�) ,�0-3�H->Cz�A2)V(.)<, �Je=M O:3 /�(�)Q5l,�A4727 (�5K5D398K,
,�0V(.,%�Jeu/�>�)-/�39)<,D8�(.,DA2>C) 3 �UA45K,D5�A4) (�727 sat 5D;-jU)-39,D5�]*e";-jU)-39, �$A25�F<)->aOB) ,�> j=3
( � A2)<; �
/�72;U5K,�398Bj-;U,B,�0-398D3JA25?)U> /972;-5l,�3�8?A4)
5D;-j-)U39, �-M �I(�)-H��U]

5P3�>CXU723J(�8K3'`C398KF65K3�)-5KA4,DA4`C3',�>g,�0U3pX=>�8K,+5K/ (�)U)-A2)-Tk(.)-H&,�0-398D3�dW>C8D3EO:3�0V( `C3�0-(�H&,�>g74A2z�A4,
>C;-8Y(�/9,DA4`�A4,[F�]	�'>aO:39`C398�M TCA4`�3�) ,�0-A45Y5D(�z�X-723g>.d ���
�6z (�/10-A4)-3�5J(�)UH sat 5K;-j-)-3�,�5�M A4,J5K3�3�z�5
72A�F.3�7GF6,�0V(.,E5D;-/10 �JeS/9>C)-/�39)�,�8�(�,�A2>�)-5p>�/�/�;U8p>C)\z (�)�Fr5K;-j-)-3�,�59]�C ,J(�725K>&(�XUX=3�(�8D5p5K3�)-5KA2j-743
TCA4`�3�)L,D0V(.,Y5D;Uj-)-39,D5I(�8K3�>aOB)-39Huj�FZA2)-H-AG`�A2H-;V(.7 >C8DTC(�)-A ��(.,�A4>C)-59M (�)-HQz (�)�F >C8KT�(�)-A�� (.,DA2>C)-5
0V( `C3J5K,�(�)-HV(�8KH-A �93�Hq>CXN3�8�(�,�A2)UTg5KF�5K,D3�z�5E(.)-H
39`C39)Sz (�/10-A4)-3�59] nE)->.,�0-398Bd
(./9,�>�8+A25+,D0-3�3��"A25��
,�3�)U/�3o>.d /�74;-5K,D3�8K5'A4)qOB0-A4/10r3�`C3�8lFq)->"HU3R0V(.5'A4H-3�)�,�A4/ (�7�0V(�8DH"O+(�8K3g(�)UHS5K>�d�,[O+(.8D3�]6DL3Y0V( `C3
(�H-H-39Hq,D0-A25��Je6/�>C)-/93�)�,�8D(.,�A4>C)qj=390V( `"A4>C8+,�>I,D0-3RmJ8KA2Hxm 8D;-743�jV(�5K3Y(�5@(�)
>CXU,�A4>C)V(�7=dW3 (.,D;-8D3.]
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DQ3 0V( `C3 X-8D395D39)<,D3�H�m�8DA4HxmkM�(B,D>">�7CdW>C8 TC3�)U3�8�(�,�A2)UT'5lF")�,D0-39,DA2/ /�>Cz�X-;U,�(.,�A4>C)V(�7CT�8DA2HU5�]wmJ8KA2Hxm
X-8D>�H-;-/93�5 5K,D8D;-/�,�;-8K3�Ho)U39,[O:>C8GFp,D>CX=>�72>CTCA43�5N,�0V(., >�j=3�Fp,�0-3vXN>aO!398P72( OB5 >�d[C[)�,D3�8D)U39,P,�>CXN>C72>�T�FC]
D 0-A2743YHU39`C3972>CXUA2)-T
m�8DA4HxmQP 5?,�>�X=>C74>CT�F6T�3�)-398�(.,D>C8�MxO!3RdW>C;-)-Hr,D0V(.,@,[O!>�>�d ,�0U3oXN>^O:3�8E7h( OB5
� 8�(.)`F�(�)-H6>C;U,DH-3�T�8D3�3'3��"XN>C)-3�)�,B72(aOB5 �:(�8K3EA4)�/�>�) �VA2/�, ] DL3EH-398DAG`C3�H
(R)-39O 8�(.)`F 72( O dW8D>Cz
,�0-3g>�;U,�H-39TC8D393I7h( O ,�0V(�,�/�>C)"dW>C8Dz�5'O:3�747wOBA4,D0\X-;-j-74A25K0-3�H$HV(�,1(&>C) (�/�,�;V(.7 ,�>�X=>C74>CTCA43�5'(�)-H
0V(�5 (�X=>aO:3�8v7h( O�72A�F.3+8�(.)-TC3�]4DQ3B5DXN3�/9;-7h(�,�3?,�0V(�, ,�0-A45 )-39O_7h( O_A45 (Jj=3�,D,�398v(�X-X-8K> �UA4z�(�,�A2>�)
>�dw8D(�)`F&jN3�0-(a`�A4>C8�]

�?0U3v,D>CXN>C72>CT.Fp(�)U)->�,1(�,�A2>�)�/�>Cz�X=>�)-3�)�, >�dUm�8DA2HVm*/ (.)R(.)-)->�,�(.,�3 ,D0-3v)-39,[O:>C8GFJ(./�/�>�8DH-A4)-T
,�>p;-5K3�8 5K;-X-X-74A23�Ho3�z�X-A28KA2/ (.7�HUA25K,D8DA4j-;U,1(�,�A2>�)-5P(�)-HI;-5K3�8 /9>C)-H-AG,�A2>�)V(�7<X-8D>�jV(�j-A472A4,[FJ8K;-72395�]��+O!>
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F�A4)-H-5 >.dx/�>C8K8D3�72(.,�A4>C)-5 (�z�>C)-Tp0->�5K,�5 (.,D,D8DA2jU;U,�395 (�8D3:/�>C)U5DA2HU3�8D39H�(�)-HIj-;-A474, A2)�,�>pmJ8KA2Hxm�b^/�>C8��
8D3�72(.,�A4>C)-5 j=3�,[O!393�)q(�)&A4)-H-AG`"A4H-;V(�7V0U>C5K,
P 5?(�,D,�8KA2j-;",�3�5!(�)-H&/9>C8D8K3�72(.,�A4>C)-5 j=3�,[O!393�)q(.,D,D8DA4j-;U,�395
>C)�)-3�(�8Dj�F 0->C5l,�5�] DL3@H-39`�3�72>�X=39H
(YjV(.5DA2/'5D3�,!>�di8D;-743�5v,�0V(.,:/ (.XU,�;-8K3E/9>Cz z�>C)�5D39)-5D3pA4)�,�8�( �
0->C5K,P/9>C8D8K3�7h(�,�A2>�)-5�] �?0-8K>C;-TC0Y)-z (�X�jV(�5K3�Hoz�3 (.5D;-8K3�z�3�)�, M^O!3v>CjU5D3�8l`C39H �Je�/9>C)-/93�)�,�8D(.,�A4>C)-5
A2)q(�727N,�0-3 C�5_5K;-j-)-3�,�5@O!3JX-8K>Cj=39Hi]_DQ3Y(�HUH-3�H
,�0-A45@(�5B(�)qA2)�,�398 �[0U>C5K,B8K;-723.]

�p3�`C3972>CX-A4)-Tk(�H-HUA4,�A4>C)V(�7N8D;U723�5+OBA4727N8D3���;UA28D3�z�>C8K3p0->C5l,Bz 3�(�5D;-8K3�z�3�)�,BHV(.,�(g,�>k(�)V(.74F ��3.]
DQ3�0V( `�3J,D8DA43�H
(g)<;-zgjN3�8?>�d ,D3�/10-)-A �<;-3�5?dW>C8?(./��<;-A28KA2)-TI5K;-/10qHV(.,1(I(.)-H60V( `C3JjN3�3�)
72(�8DTC3974F
;-)-5D;U/�/�395D5ldW;-7�] DL3+/�>�)<,DA2)<;-3+,D>p3��"X-74>C8D3!O!( F�5 ,�>�(�/��<;-A28K3?(p8DA4/10g5D3�, >�dNz 3�(�5D;U8D3�z�3�)�,D5wdW8D>Cz
OB0-A2/10
,�>kH-398DA4`�3o(I72(�8DTC398+8D;U723�j-(�5D3�dW>C8@m�8DA4Hxm (�)U)->�,1(�,�A2>�)-5�]
m�8DA4Hxm O+(.5&;-5D39Hc,�>u3�`�(.72;V(.,D3S,D0-3 B?m�Cle�5KF�5l,�3�z (�)-H 5K39`C398�(�7�>.,�0-398�5KF�5l,�3�z�5&,�0-(.,

8D3��<;-A48D3J5KF�)�,�0U39,�A4/o(.)-)->�,�(.,�39H
,D>CXN>C72>CT�A23�5 ' � s M s � t )�]
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�?0-A25$/10V(.XU,�398ZHU3�5D/98DA4j=395Z,D0-3bz >.,�A4`.(.,DA2>C)�MYHU3�5DA4TC) (�)-H A2z�X-7239z 39)�,1(.,DA2>C) >�d�>�;-8! <;-3�8lF
8D39OB8KA4,K,�A2)UTg,�3�/10U)-A" <;-395',�0-(.,B3�)V(.j-723�d
(�5l,BX-8D>�/�395D5DA4)-T�>�dw/9>Cz�X-723 �# <;-3�8KA2395�]

$	�&% ' � ��( 
*)���� � ��
��

n XN>aO!398KdW;-7 dW3 (.,D;-8D3 >�d B?m�CleLA45Y,D0V(.,R;-5D398D5g/�(�)LOB8KA4,�3+ <;-3�8KA2395gA2)Qe-,/. ,�0V(.,R5D3�(�8D/10LdW>C8
/�>Cz�X-723 � /�>�z XN>C5DAG,�A4>C)-5�>�d!8D3�5K>C;-8K/�3�59M 5D;-/10u(�5RT�8D>C;-XU5R>�d!0->C5l,�5g(.)-HQ)-3�,[O!>�8GF 8D395D>C;-8K/�395�M
,�0V(.,Ez 3939,E/�>C74723�/�,�AG`C3Y8D30 <;-A48D39z 39)<,D5�] �?0U3�5D31 <;-398DA43�5�Mi(�5',D0-39Fr(�8D3R3��"X-8K3�5D5K3�HZ;-5DA4)-T32K>CA4)-5�M
/ (�) jN3
`�3�8lFb3��"XN3�)-5KA4`C3q,�>$3 �U39/�;U,D3�M+0U>^O:39`�3�89] C[) 8D395DXN>C)-5K3�M:O:3
0V( `C3qA2)�,�8K>"HU;-/�39H dW>�;-8
3���,�39)-5DA4>C)-5B,�>I,�0-3Re-,/.Q5K3�743�/9,@5l,1(.,D3�z�3�)�,�b

465 >C)UH-39,D3�8Dz�A2)UA25Dz b ,D0-3J8D395D;-7G,?5D3�,'A45?(I8�(�)UH->Cz 5D(�z�X-723p>.dP,D0-3J8D395D;-7G,B5D39,B>.d ,D0-3pdW;-727
 <;-3�8lFC]��?0-A25?3 �",D3�)-5KA2>C)SA25?X-8K>"/93�5K5D3�Hr(�;U,D>Cz�(�,�A2/�(�727GFC]

4 e"/�>�X-A2)-T[b ,D0-37 <;-398KFRA25w74A2z�A4,D3�H�,�>�('8D3�T�A2>C)R>�dV,�0-3:z >�H-39723�HR)-39,[O:>C8 FNM<TCAG`�A2)-T'(E8D395D;-7G,
5D3�,@,D0V(.,@A25B(kH-3�,�3�8Kz A4)-A25l,�A4/p5D;-jU5D39,'>�dP,�0-3�dW;-7478 <;-3�8lFC]��?0-A25B3 �",D3�)-5KA2>C)SA25?X-8K>"/93�5K5D3�H
(�;U,D>Cz�(�,�A2/�(�727GFC]

4 nEX-XU8D> �"A2z (.,�A4>C) b�,D0-39 <;-398KF�P 5:2K>CA2)-5P(�8K3:3972A4z A4)V(.,�39HY(�)-Ho)U39O /�>�)-5K,D8�(�A4)<,D5w(.8D3:(�H-H-39HiM
TCA4`�A4)-TE(@8D395D;-7G, 5D3�,w,D0V(., A45w('H-39,D3�8Dz�A2)UA25K,DA2/v5D;Uj-5D3�, >�d-,D0-3:dW;-747; �;U3�8KF�] �?0-A45w3���,D3�)-5KA2>C)

�	�
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8D3  �;UA28D395
0�;Uz�(�)U5
,D>�XU8D>�/�3�5K5
A4,q(�)-H A256;U5D3�H A2) �K/�(�)-)-39H  <;-398DA2395 �-MEX-8D3 � OB8DAG,D,D3�)
 <;-3�8KA23�5?dW>C8?/9>Cz�z >C)UX-7h(�/93pA2)  �;UA28DA43�59]

4 �?A2z�3!jN>C;-)-HUA2)-T`b ,D0-37 <;-3�8lF � >C8 ,D0-3 B?m�Cleo5D398K`C398 �w/�(�)IX-7h(./�3+74A2z�A4, >C)o,D0-3!O!(�7274/�74>"/ F
,�A4z 3p>.d ,D0-3  �;U3�8KF�] �?0UA25B3���,�39)-5DA4>C)qA25?X-8K>"/93�5D5K3�H$(.;U,�>Cz (.,DA2/ (.7274F�]

�?0-3oTC>C(�7 >�dw,D0-3�5K3o3 �",D3�)-5KA2>C)U5�MxOB0-A2/10S/ (�)Sj=3Y;-5D39Hr>C8l,�0->�TC>C)V(�7474F�M-A25?,�>�z ( F�3YA4,@XN>C5D5KA2j-743
dW>C8E,�0U3g;-5D398 � (�)UH B?m Cle �@,�>&,D8�(�H-3o>
	ujN39,[O:3�39)Z,D0-3I8D;-)U)-A2)-T&,DA2z�3R>.d!(  <;-398KF � (�)-H$,D0-3
72>�(�HoA4, X-72(�/�395 >C)�(�)�B?m�Cleg5D3�8l`C398 � (�)-HI,�0U3?)�;Uzgj=398 >�dN8D395D;-7G,�5 8D3�,�;-8K)-3�H�] �?0-3B3���,�39)-5DA4>C)-5
8D30 <;-A48D3p)U>g/10V(�)-T�3�5+,�>R,�0-3 B � R :\eN]�DL3�(�8KTC;-3',D0V(.,?AG,!A45!5K;���/�A239)�,B(�)-H
(�XUX-8D>CXU8DAh(�,�3BdW>C8
( m�Cle&,�>kX-8D>a`�A2HU3YX-(�8K,DAh(�7=8D3�5K;-74,D5�MVXV(.8K,�A4/�;-72(�8D7GF&(I8D(�)-H->Cz 5�(�z�X-723.]

C[) ,�0-A45q/10-(�XU,�398�M�O:3QH-395D/�8KA2jN3L>�;-8  <;-398KF 3���,D3�)-5KA2>C)-59Mo(.)-H ,D0-3�A48qA4z XU723�z�3�)�,�(.,�A4>C)i]
DQ3S(�725K> X-8D395D3�)�,&(LXN3�8KdW>�8Dz (�)-/�3
3�`�(.72;V(.,DA2>C)b>.dp>C;-8�A2z�X-743�z�3�)�,1(.,DA2>C)L,�0V(.,�5K0->aOB5 ,�0-(.,
(qz�3 (�)UA2)-T�dW;U7w,�8D(�H-3�>�	 j=3�,[O!393�)  <;-398KFZX-8D>�/�395D5KA2)-Tq,�A2z�3k(�)-HZ8D395D;-7G,Y5D39,R5DA���3�A25JXN>C5D5KA2j-743
;-5DA4)-TE>C;U8 ,�39/10-)-A  �;U3�5�MC,D0V(., O!3+/�(�)g;-5K3!,�0-(., ,D8�(�HU3�>
	�,�> F�3�39X  �;U3�8KFR8D;U)-)-A2)UT',�A4z 3v72(�8DTC3974F
A2)-H-39X=39)-H-39)<,w>�d- <;-398KFJ/9>Cz XU723��"AG,[FCM.(�)-HR,D0V(., O:3:/�(�)ojN>C;-)-HY,�0-3 8D395DXN>C)-5K3 ,DA2z�3 >�dV(  �;U3�8KF�]
�?0-3�5K3�8D395D;-7G,�5YH-3�z�>C)-5l,�8D(.,�3k,�0V(�,RO:3 /�(�)QHU3�72AG`C398YXN>aO!398KdW;-7 8D397h(.,DA2>C)-(�7� <;-3�8KA2395Y,D>S;-5K3�8K5�M
OB0-A2/10 A25J(&)U3�/�395D5D(�8KF 5K;-X-XN>C8K,�dW>C8E>C;-8�TC39)-3�8D(�7 (�8KTC;-z�3�)�,�,�0V(�,Ym Cle\5lF"5l,�39z 5J5D0U>C;-72H jN3
j-;-A27G,?>C)S(I8D3�72(.,�A4>C)V(�7NHV(.,�(�z�>�H-3�7�]

$	�
� � )!)!(�� ����� ��� ����� � ���/(�� �!( 
��������

5w(�8D(�72743�7-(.)-HkH-A25l,�8DA4j-;U,D3�H�(�X-X-74A2/�(.,�A4>C)-5 (.8D3?)->�,vA4)�,�3�8K3�5l,�3�H A2)IA4)-H-A4`�A4H-;V(�7"8D3�5K>C;-8K/�3�5 XN3�8 5D3.M
j-;U,J8�(�,�0-398pA2)$/9>Cz XN>C5KA4,�A4>C)-5'>�dv,�0-39zS] � >C8E3 �-(.z X-743�Mi5K;-X-XN>C5D3�(&HV(�,1(6XV(�8D(�72743�7 X-8D>�TC8�(�z
0V(�5 jN3�3�)k/9>Cz XUA27239HR,D>�8D;-)k>C)gdW>C;U8 X-8D>�/�395D5K>C8D59] n+,v5K,1(.8K,�;UXiM�A4, OBA2727<O!(�)�, ,�>J(�5 F  <;-3�5l,�A4>C)-5
5D;-/10o(�5 � �V)-HYz 3 (?5D3�,w>.d"dW>C;U8 ;-)-A" <;-3v0->�5K,�5 OB0-A4/10RA4)J,D>�,1(.7C0V( `C3:j=3�,[O!393�) t ] �B(�)-H s m R$>�d
z 39z >C8lFI(�)UH�OB0-A4/10�(.8D3B/�>C)U)-3�/�,�3�H�j<Fk)U39,[O:>C8GFIXV(�,�0-5v,�0V(�,v/ (�)�X-8D>a`�A2HU3E(.,v743 (�5l, y : R��.5
>�d jV(�)UHUOBA2HU,D0�OBA4,D0�)->Rz >�8D3B,�0V(�) satCt z�A27472A45D3�/9>C)-H-5w>�d 7h(.,D3�)-/�FC] �Le";-/10  <;-395K,�A4>C)-5+/�(�)&jN3
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“Find 2 hosts with Linux that 
together have 3 GB of RAM”

select 
h1.insertid, h2.insertid 

from 
hosts h1, hosts h2 

where 
h1.os=‘LINUX’ and h2.os=‘LINUX’ 

and
h1.mem_mb+h2.mem_mb>=3072 

� A2TC;U8D3��-] s b nE) B?m�Cle*,�;U3�8KF�]

8D3 (.H-A27GF&XN>C5D39Hq,D>8B+m Cle6;-5DA4)-TI,�0-3Re-,/.Q72(�)-TC;-(�TC3�]_C[)UH-3�39HiM=e-,/.Q723�,�5+,�0U3R(.X-X-72A4/ (.,DA2>C)�>C8
;-5D398E/�>�zgj-A2)U3Rzg;U74,�A4X-723�8K3�5K>C;-8D/93�5pA4)\(�8Kj-A4,D8�(�8lF&O!(aF�59] � A4TC;-8D3��-] s 5K0->aOB5�( 5KA2z�X-723 B?m�Cle
 �;U3�8KFR,�0V(�, A25 5D3 (.8D/10-A4)-TpdW>C8 (.727�XV(�A28K5w>�dx0U>C5K,D5 ,�0V(.,wj=>.,�0I8D;U)g,�0-3 . A4)�; �g>CXN3�8D(.,�A4)-TE5lF�5K,�39z
(�)-H&,�>�TC39,D0-3�8?0V( `�3J(.,?723�(�5K, �km R_>.d BBn�:Z] � >C8!/97h(�8KA4,[F�A2)�,D0-A25!3��U(�z�X-723  <;-398KF�M-O!3�>Cz�A4,
,�0-3�/�>C)U5K,�8D(�A2)�,Y,�0V(�,R,D0-3�,[O:>rz (�/10-A4)-3�5YjN3 H-A45K,DA2)-/�, ] C[)L>C;-8J39`.(�74;V(.,�A4>C)iM OB0-398D3 O:3�;U5D3
5DA2z�A272(�8  �;U3�8DA43�59MxO:3JA2)�,�8K>"HU;-/�3�,�0UA25?/�>�)-5K,D8�(�A4)<,�]

R:3�/ (.;-5D3@,�0-3  <;-3�8lF A45:HU3�/�72(�8�(�,�A4`�3�M�,�0U3�8D3@A25v5KA2TC)-A �V/ (.)<, 8K>">Cz dW>C8 ,�0-3  <;-3�8lF >�XU,�A4z A���3�8
A2)&,�0U3 B � R6:\e�,�>Iz ( F�3E,D0-3/ <;-3�8lF63 ��/9A23�)�,�]$C ,?(�725K>Iz 3�(�)-5!,D0V(.,?,�0U3  <;-3�8lF6A25+A4)-H-39X=39) �
H-3�)�,@>�dP,�0-3�;-)UH-3�8K74F�A2)-T(B � R :\e&A2z�X-743�z�3�)�,1(.,DA2>C)k,�0-(.,BA25?jN3�A4)-TI;-5D39Hi]��?0-3J5�(�z�3/ <;-3�8lF
z�( FR8D;-)g,D>"HV( Fo>C)k(EjV(�5KA2/ D A4)-H->aOB5 A2z�X-743�z�3�)�,1(.,DA2>C)Y>�d��p8�(�/9723.M�OB0-A2743:,D>Cz >�8D8D>aO AG, z (aF
j=3@8D;-)�j<F (YXV(�8�(.7272397-A2z�X-743�z�3�)�,1(.,DA2>C)I>.d��p8�(�/9723B>C)&(Y/�74;-5K,D3�8!>�8+e`: 5 ] �?0-3  <;-398KF�A25:(�725K>
A2)-H-39X=39)-H-39)<,:>�dN,�0-3BA4)-H-A2/93�5 /98D3 (�,�3�H j�Fg,�0-3BHV(�,1(�jV(.5D3@>C8 j�Fg,�0-3BHV(�,1(�jV(.5D3@(�H-z�A2)-A45K,D8�(.,D>C8�]
�'3�)U/�3�M�A4d ,D0-A25@dW>C8Dz >�d  <;-398KFSj=39/�>Cz�3�5p/9>Cz�z >C)�MN,D0-3g(�HUz A4)-A25l,�8�(�,�>C8B/ (.)\/�8K3 (.,D3gA2)-HUA2/�395
,�>I5DXN3�39HSAG,+;-X�] � A2)V(�7474F�M�AGd  <;-3�8KA23�5B(.8D3EOB8KA4,D,D3�)
A2)�n 5 e�C:5l,1(�)-H-(�8DHSe-,/. MU,�0U3p;-)-H-398D7GF"A4)-T
B � R :reS/ (�)$jN3g/10V(.)-TC3�H\OBAG,�0->�;U,p/10V(.)-TCA2)UT�,�0-3  �;U3�8KF�] N!>Cz z�>C)  �;U3�8DA43�5p/�(�) (�745D>&jN3
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X-8D>a`�A2H-39Hr(.5@z (.,D3�8DA2(�72A���39H � A�] 3.]4M-XU8D3�/9>Cz�X-;U,�39H��!`�A239OB5B>C)
,�0U3YH-(.,1(�j-(�5D3.]
�@)UdW>C8l,�;-)V(�,�3�7GFCM  �;U3�8DA43�5�5D;-/10_(�5k,�0-3
>C)-3qA2) � A4TC;-8K3 �-] s / (.)�jN3q`�3�8lF 3��"X=39)-5DAG`C3q,�>

3��"3�/9;U,�3.Mp3�5KX=39/�Ah(.7274F_(�5&,D0-3$)<;-zgjN3�86>�d 2K>CA2)U5 � )<;-zgjN3�86>.dR0U>C5K,D5qA4) ,�0-3! <;-398KFcA4) ,�0-A45
3��U(�z�X-723 �@TC8K>^OB59] C[)\,�0-3oO:>C8K5K,J/ (.5D3�Mi,D0-3  <;-398KF\/9>C5K,p/ (�)$TC8K>aO 3 �"X=>C)U3�)�,�A2(�727GFqOBAG,�0\,D0-3
)�;Uzgj=398o>�d 2K>CA2)-59Mw3�`C3�)uOBAG,�0L>C;-8o/�(�8D3�dW;-727GF /10->C5K3�)bA2)UH-A2/93�5�] 5 >�,g>C)U74F zg;-5l,gA4)-H-A4`�A4H-;V(�7
 �;U3�8DA43�5�)->.,p,1( F.3I72>C)UT6X=398DA2>�H-5'>�dv,�A2z�3R,D>63��"3�/9;U,�3.Mw(.) B?m Cler5K3�8l`C3�8Jzg;U5K,Y(�745D>&jN3k(�j-743
,�>�0V(�)-H-743Y,D0-33 �;U3�8KF
O:>C8GF<74>�(�Hq>�d (IOB0->C743R5KA4,�3.] C d O:3o5K;-X-XN>C8K,D3�HS5D;-/10  <;-398DA43�5EHUA28D39/9,D74FCM
O!3JO!>�;-72H6`C398KF
5K>">C)qjN3�TCA4)6H-A25D(�X-XN>CA2)�,�A4)-TI;-5K3�8D5'(�)-Hq>a`C398D72>C(�H-A2)UTg,�0-3 B?m�Cle
5K3�8l`C3�89]

� 
��0
�� ���
	 > �����@> �
��� 	�� ���%� ����������� ��� ��� �����
� ��� >�� A�� ���
���

��)U3S(.X-X-8D>C(�/10�,D>L8K3�H-;-/9A2)-T ,�0U3qO:>C8GFbA4)�`C>C7G`C3�H*A2)�(�)-5lO!398DA4)-TQ(  <;-3�8lF*A25g,�>Z72A4z AG,o,D0-3
5DA �93 >�do,D0-3 8D3�5K;-74,q5K39,q,�0V(.,qA4568D39,D;-8D)U3�H � ;-5DA4)-T �K8D>aOB)<;-zq� 5 �_(.5qX-(�8K,q>�dY,�0-3 OB0-398D3
/�7h(.;-5D3�A2) ��8D(�/�743�MP>C8 :qFUe-,/. P 5 �K74A2z�A4, �&/�72(�;-5D3.M dW>C8Y3��U(�z�X-743 ��] �?0U3  <;-3�8lFLO:>C;-74HL,D0-3�)
>C)-74F 8K;-)b;-)�,�A47 ,�0-3&5KX=39/�A �V3�Hu)<;-zoj=398g>C8Y8D>aOB5oO!(�5g8D3�,�;-8K)-3�H�] DL3 P 727 8D39dW398R,D>r,�0-A45o(.5g(
72A2z�A4,D3�HqH-39,D3�8Kz A4)-A25l,�A2/  <;-3�8lFC] C ,JA25EA4)�,�;-AG,�A4`�3ROB0�F (&74A2z�A4,�39HSHU39,�398Dz�A2)-A45K,DA2/3 �;U3�8KFrO!>C;U72H
j=3g8K3 (�5K>C)V(�jU723RdW8K>Cz (�)$(�XUX-72A4/ (.,DA2>C) P 5@X=398D5DXN3�/�,�AG`C3�] �?0U3I(�X-X-74A2/�(.,�A4>C)Sz ( F<A2)UT ,�0U3  <;-3�8lF
>�d � A2T�;-8D3 �-] s A45E)->.,�A2)�,�398D395K,�39H A2) $����xXV(�A48D5'>�dv0->C5l,�5p,�0-(.,�z�3�39,pA4,�5'8D3  �;UA28D39z 39)�,�5�] C ,�A45
z 398D3�7GF�,D8KF�A2)-TI,D>	�-)-H *a� &)(!XV(�A48D5+,D0V(.,BH->-]
. A4z AG,�A2)UT�8D395D;-7G,J5D3�,R5KA �93I0V(�5p,[O:>S5K3�8DA4>C;-5�X-8K>Cj-743�z�5�M 0->aO:39`C398�] � A48D5K,�M�,�0U3�/9>Cz�X-;U,1( �

,�A2>�)V(�7<,�A2z�3vdW>C8 ,D0-37 <;-3�8lFIA25 )->�, HUA28D39/9,D74FYX-8D>�X=>C8l,�A4>C)V(�7�,�>',�0-3?8K3�5D;U74, 5K39,v5KA ��3 H AG,wH-39X=39)-H-5
>C)6,�0-3JHV(.,�(IH-A25l,�8DA4j-;U,DA2>C)&A4)&,�0-3JA4)-X-;U,?,�(�j-72395�] N!>C)�,DA2)<;-A2)UTk,D0-3�3��U(�z�X-743�MU,D0-3J8�(�8K3�8+,�0-(.,
XV(�A28K5J>�d?0->C5l,�5Y,�0V(.,Rz�3�39,Y,�0U3 8K30 <;-A28K3�z�3�)�,�5o(�8D3.M ,D0-3 74>C)-TC398o(
72A4z AG,�39H! �;U3�8KFZOBA2747 8D;-)�]
C[)r,�0-3RO!>C8K5K,�/�(�5D3.M�,�0U3�B � R :\eSz ( FS0-(a`�3o,�>�5D/ (.)\,�0-3R/�8D>�5D5pX-8K>"HU;-/9,�>.d ,�0-3o0->C5K,D5E,1( �
j-723k,�>r,D0-3 `�3�8lFu3�)UHQ,�> �-)-Hb(r5KA2)-TC743 z (.,D/10iMwz ( F<A2)-Tq,�0-A45  <;-398KFu(�5o3 �UXN3�)U5DA4`�3
(�5o>�)-3
OBA4,�0U>C;U,�74A2z�A4,�59] �?0-3I>�,D0-3�8EX-8D>CjU723�z OBA4,D0\,�0-3I74A2z�A4,D3�HqH-39,D3�8Dz�A2)UA25K,DA2/  �;U3�8KF\A25',D0V(.,�,D0-3
 �;U3�8KF*8K39,�;U8D)-5�3��U(�/�,�74FQ,�0-3q5�(�z�3
8D395D;-7G,�5�3 (�/10*,�A2z�36A4,kA45I8D;-)�]ce";-XUX=>C5K3q,D0-3�8K3r(.8D3 sat
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SELECT NONDETERMINISTICALLY
h1.distip, h2.distip 

FROM
hosts h1, hosts h2 

WHERE 
h1.os=‘LINUX’ and h2.os=‘LINUX’
and h1.distip<>h2.distip
and  h1.mem_mb+h2.mem_mb>=3072 

WITHIN
2 seconds

SELECT 
H1.DISTIP, H2.DISTIP 

FROM 
HOSTS H1, HOSTS H2 , 
INSERTIDS TEMP_H1 , INSERTIDS TEMP_H2

WHERE 
(H1.OS='LINUX' AND H2.OS='LINUX' 
AND H1.DISTIP<>H2.DISTIP
AND H1.MEM_MB+H2.MEM_MB>=3072) 

AND 
(H1.INSERTID=TEMP_H1.INSERTID 

AND  TEMP_H1.rand > 982663452.975047 
AND  TEMP_H1.rand <= 1025613125.93505)  

AND
(H2.INSERTID=TEMP_H2.INSERTID
AND TEMP_H2.rand > 1877769069.94039 
AND TEMP_H2.rand <= 1920718742.90039) 

Query Manager
and Rewriter

Random sample of
input tables

Selection probability
determined by time constraint

and server load

� A2TC;U8D3 �-] y b 5 >�)-H-39,D3�8Kz A4)-A25l,�A2/  <;-3�8lFq(�)-HqA4,�5?A4z XU723�z�3�)�,�(.,�A4>C)i]

XV(�A28K5J>�d+0->�5K,�5Y,�0V(�,o(.8D3 (�X-X-8K>CX-8DA2(.,�3.M j-;U,Y,�0-3+ <;-3�8lFLA45R74A2z�A4,D3�Hr,D>r>C)-3�XV(�A48�] �pA 	=3�8K3�)�,
(�X-X-74A2/ (�,�A2>�)-5pz ( F<A2)-T&,D0-3k5�(�z�31 <;-3�8lFZO:>C;-74H 3�)-HL;-XL/10U>">C5KA2)-T6,D0-3k5�(�z�3kXV(�A289M 723�(�H-A2)UT
,�>k/�>C)�,D3�)�,�A4>C)i]$C[)STC39)-3�8D(�7�MV74A2z�A4,D3�H�HU39,�398Dz�A2)-A45K,DA2/  <;-398DA2395'/�(�)q723 (.H
,D> /93�8l,1(�A4)q8K3�5K>C;-8D/93�5
5D; 	=3�8KA2)-T6/9>C)�,�3�)�,DA2>C) 0->�,D5DXN>�,�5Ez 398D3�7GFrHU;-3g,�>&OB0-398D3g,D0-39Fr0V(�X-XN3�)$,�>6jN3gX-72(�/�39H$A2)\,D0-3
HV(.,1(.jV(�5D3.]

� 
��0
�� � 	������#� � ��� � ���
� ����> � A�� �������

�?0-3��-8D5K,  <;-398KFk>CXU,DA2z�A ��(.,�A4>C)R,D3�/10-)-A  <;-3@O:3@;-5D3?,�>Y72A4z AG,  <;-398KFk8K;-)-)-A4)-T�,�A2z�3 � (.)-Hk72>�(�H��
A25 )->C)UH-39,D3�8Dz�A2)UA25Dzq] �?0-A25 ,�39/10-)-A  �;U3E(�745D>J0-3972X-5 ,�>R( `C>CA4Hk/�>C)�,�39)�,�A2>�)i] �?0-3@723�d�, �[0-(�)-Hk5DA4H-3
>�d � A2T�;-8D3 �-] y 5D0->aOB5k(\)->�)-H-39,D3�8Kz A4)-A25l,�A2/.MP,DA2z�3 � j=>C;U)-H-3�HL`C3�8K5DA4>C)b>�d?,�0U3&3 (�8K72A43�83 �;U3�8KF�]
�?0-3o(.H-H-A4,DA2>C)U5!,�>k,�0-3  <;-398KFq(�8K3Y5K0->aOB)rA4)qAG,1(�74A2/95�]wn )->�)-H-39,D3�8Kz A4)-A25l,�A2/  �;U3�8KFq8K39,�;U8D)-5@(
8�(�)-HU>Cz 5D;-jU5D39,p>�d ,�0U3RdW;-747P5K39,E>�d� <;-3�8lFr8K3�5K;-74,D5�] �?0-3o/9>Cz�X-;U,1(�,�A2>�)V(�7 /�>�5K,p>.d ,�0-3  <;-3�8lF
A25B/�>C)�,D8D>C74723�Hqj�F
,�0-3 * (�� (1����	����&� "����+$���	���	��
�.MVOB0-A4/10rA25BH-398DAG`C3�HSdW8D>Cz ,D0-3Y,DA2z�3J72A2z�A4,!>�d ,D0-3
�lOBA4,D0-A2)��J/97h(�;-5K3E(.)-H ,D0-3'/9;-8D8K3�)�,+74>�(�Hk>C)�,�0-3�B?m�Cle�5D398K`�3�8�MU(�5 H-3�5K/�8DA4j=39H&A2)�e"39/9,�A4>C) �-] �U]
�?0-3 5D3�743�/�,�A2>�) XU8D>CjV(.j-A274A4,[F�A25&,�0U3$X-8D>Cj-(�j-A274A4,[F*,�0V(�,q( 8K>aO >�do(�) A2)-XU;U,6,1(�jU723\OBA2747EjN3
A2)-/972;-H-39H\A2)q,�0-3 2K>CA2)�] C[)�,�;UA4,�AG`C3974FCM=(�5@,�0-3g74>�(�HSA2)-/98D3 (.5D3�5E>C8@,D0-3o,DA2z�3Y74A2z�A4,B5K0-8DA4)`F<5�M�,D0-3
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5D3�743�/�,�A2>�)oX-8K>CjV(�j-A472AG,[Fp5D0U8DA2)[F�59] nE5P,�0-3 5D397239/9,�A4>C)oXU8D>CjV(.j-A274A4,[F�5K0-8DA4)`F<5�MC5K>EH->�3�5P,�0-3!(�z >�;-)�,
>�dxO!>C8 FR)U3�3�HU3�Hk,�>�XN3�8KdW>�8Dz ,�0-37 <;-398KFk(.)-Hg,�0-3!3��"X=39/9,D3�H�)�;Uzgj=398 >�dN8D>aOB5 8K39,�;U8D)-39H�j�FoA4, ]
� (./10S,�A4z 3',�0-3  <;-3�8lFqA25?8D;U)iM-,�0-3J8K>^OB5@8D3�,�;-8K)-3�Hr(�8D3�HUA 	=3�8D39)�,@OB0UA2723p,D0-3Y/�>Cz�X-;U,�(.,�A4>C)V(�7
/�>C5l,'>.dwTC3�,D,DA2)-TI,�0U3�z 5l,1( F�5'8K>C;-TC0-7GF�,D0-3J5�(�z�3�]

DL3IA2z�X-743�z�3�)�,E)U>C)-H-3�,�3�8Kz A4)-A25l,�A4/  <;-398DA2395�;-5DA4)-T
(�/9>Czgj-A4)V(.,�A4>C)r>.d  <;-398KFr8D39OB8KA4,DA2)-T-M
5D/10-39z�(Y3���,�39)-5DA4>C)-5�M"A2)-HUA2/�395�M"(�)-H 8�(�)-HU>Cz )U3�5D59] 5 >R/10V(�)-T�3�5:,D>R,D0-3�B � R :\ek(�8K3')-393�H-39Hi]
D 0-3�)I(B)->C)UH-39,D3�8Dz�A2)UA25K,DA2/  <;-3�8lFYA25 X=>�5D3�HR,�>B,�0-3  <;-3�8lFoz (�)V(�T�3�8 ��8D39OB8KA4,D3�8�M^AG, HU39,�398Dz�A2)-395
(S5D397239/9,�A4>C)QXU8D>CjV(.j-A274A4,[FCM�� MPdW>C8Y,D0-3  <;-398KF�]Sn'5D5D>�/�A2(.,�39HQOBA4,D0Q3�(�/10u>Cj 2K39/9,IA4)-5D398K,D3�HuA4)<,D>
,�0-3&H-(.,1(�j-(�5D3 � A2)Z,�0-3&A4)-5D398K,DA2H-5Y,1(�j-743 ��M (.,gA4)-5D398K,g,DA2z�3�M A25g(S8�(�)-HU>Czf)�;Uzgj=398�M 8D(�)-TCA4)-T
dW8D>Cz ����� > ,�>���� �
	 M@dW>C86(b8�(�)UTC3�M�� � �
� ��	 0��
��� > ] DL3\,�8�(.)-5D72(.,�3\,D0-3�� A4)�,�> (
5D;-j-8D(�)-TC3.M + �����g] 5 3���, M-dW>�8+3 (�/10qA2)UX-;U,?,1(.j-723���� A2)&,D0-3  <;-3�8lFCM-O:3R(.H-Hq(IOB0U3�8D3J/97h(�;-5K3
,�0V(.,E/�>C)U5K,�8D(�A2)U5p8D>aOB5�A2)S,�0V(.,',1(�jU723R,D>&0V( `C3k(.5D5D>�/�A2(.,�39H$8�(�)UH->Cz )�;Uzgj=398D5pA4)r,�0U3g8�(�)UTC3
'���� 7���� , + ��M-OB0-3�8K3����PA45?/10->C5D39)rdW8D>�z (I;-)-AGdW>C8Dz 8�(�)-HU>Cz H-A45K,�8KA2j-;",�A2>�)6>^`�3�8 '������ > 7���� ��	 )
(.,+ �;U3�8KFb,D8�(�)U5D7h(�,�A2>�)u,�A2z�3�] 5 >�,�A4/�3&,D0V(.,�A2) A2z�X-743�z�3�)�,�A4)-Tr,�0UA25I5D397239/9,�A4>C)iM:3 (�/10*A2)-XU;U,
,1(�j-743oA45 2K>CA2)U3�HrOBAG,�0\,�0U3gA2)-5K3�8l,�A2HU5E,1(�jU723R,D>68D39/�>a`C398J,D0-3g8D(�)-H->Cz )<;-zgjN3�89] D 0-A4723Y,�0-395D3
30 <;-A 2K>�A2)-5E(�8D3R72A�F.3�7GFq,D>&jN3od
(�5K,ETCA4`�3�)\,D0-3LB?m�CleSA2)UH-A2/93�5�M=A4,'H->�3�5pH->�;-j-723R,�0-3g)<;-zoj=398E>�d
2K>CA2)-5@A2)S,�0-3  �;U3�8KF�]@C d ,�0U3g;-)-H-398D7GF"A4)-T B � R :\eqX-8D>a`�A2H-395�(�5D(�z XU72A2)UT >CXN3�8D(.,�>�8�MxO!3g/�(�)
;-5D3pAG,!,D>I( `C>CA4H�,�0-A45+H->C;Uj-72A4)-T-] �p8D(�/�743E0V(�5!8D3�/93�)�,�7GF&(.H-H-3�H65K;-/10q(�)&>CXN3�8D(.,�>�8�MUjU;U,+O:3pH->
)->�,B;-5K3RAG,BA2)6>C;-8B3�`�(.72;V(.,DA2>C)6A4)&,�0-A45B/10V(�XU,D3�8�]

C ,wA25 A2z�X=>C8l,1(�)�, ,�>E)->�,�3 ,�0V(�,w,�0UA25 (.X-X-8D>C(�/10g0V(�5 ('TC8K>C;-X-A4)-TE3�	�39/9, ,D0V(., 5K0->C;-74HgA2HU3 (�7474F
)->�,'>"/9/�;-8'A2)S(�)\A2z�X-743�z�3�)�,1(.,DA2>C)6>.d 8�(�)UH->Cz 5�(.z X-74A2)-TU]��+O!>�>Cj 2K3�/�,�5pA4)-5D398K,D3�H\A4)<,D> ,D0-3
HV(.,1(.jV(�5D3Jz ( F&jN3R(.5D5DA4TC)-39HS)-3�(�8Dj�F68D(�)-H->�z )<;-zgjN3�8D59]��'3�)U/�3�MxAGd >�)-3JA25?/10->C5K3�)iMV,D0-3�8K3YA45
(STC8K3 (.,D3�8Y72A�F.3�74A20->�>"H\,D0V(.,Y,�0-3�>�,D0-3�8JOBA2747v(�725K>SjN3�/10->�5D3�)�]cD AG,�0L5Dz (�727 5K3�7239/9,DA2>C)ZX-8D>�j �
(�j-A274A4,DA23�59MN,D0-3I3 	=3�/�,JA25p)U3�TC74A2TCA4j-723.] �'>aO!3�`C398�M ,�>
(�z�3�74A2>C8D(.,�3YA4,�M�O!3I8K3�TC;U7h(�8K74F �K8D395D0<;���3��
,�0-3JA2)U5D3�8l,�A4H-5+,1(�jU723�M-(�5D5KA2TC)-A4)-Tk)-39O 8�(�)UH->Cz )<;-zgjN3�8K5?,�>�>Cj 2K3�/�,�59]

C[)r(�H-H-AG,�A4>C)&,�>k,�0-3J8D(�)-H->Cz )�;Uzgj=398D5'(�5D5K>"/9Ah(.,D3�H
OBA4,D0S3�(�/10r>Cj;2K3�/9,'A2)6,D0-3JHV(.,1(.jV(�5D3.M
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SELECT 
h1.distip, h2.distip 

FROM 
hosts h1, hosts h2, iplinks l1, iplinks l2, routers r 

WHERE 
h1.mem_mb+h2.mem_mb>=1024 
and h1.os=‘LINUX' and h2.os=‘LINUX' 
and ((l1.src=r.distip and l2.src=r.distip

and l1.dest=h1.distip and l2.dest=h2.distip) 
or (l1.dest=r.distip and l2.dest=r.distip

and l1.src=h1.distip and l2.src=h2.distip)) 
and h1.distip<>h2.distip 
and l1.BW_MBS>=100 and l2.bw_mbs>=100

SCOPED BY r.distip=X
WITHIN 

100 seconds;

SELECT 
H1.DISTIP, H2.DISTIP 

FROM 
HOSTS H1, HOSTS H2, IPLINKS L1, IPLINKS L2, ROUTERS R  

WHERE 
H1.MEM_MB+H2.MEM_MB>=1024  
AND H1.OS='LINUX' AND H2.OS='LINUX' 
AND  ((L1.SRC=R.DISTIP  AND  L2.SRC=R.DISTIP  

AND  L1.DEST=H1.DISTIP  AND  L2.DEST=H2.DISTIP) 
OR (L1.DEST=R.DISTIP  AND  L2.DEST=R.DISTIP  

AND  L1.SRC=H1.DISTIP  AND  L2.SRC=H2.DISTIP))  
AND  H1.DISTIP<>H2.DISTIP 
AND L1.BW_MBS >= 100  AND L2.BW_MBS >= 100  
AND R.DISTIP = X;

Query Manager
and Rewriter

� A2T�;-8D3��-] �[b e"/9>CXN3�H  �;U3�8KFq(.)-HSAG,�5?A4z X-743�z�3�)�,1(�,�A2>�)i]

,�0-3+H-(.,1(�j-(�5D3B(�745D>'A2)-/972;-H-395 A2)UH-A2/93�5 >C)R,�0-395D3?8�(.)-H->Cz )<;-zgjN3�8D5v(.)-HI>C)g,�0U3�A28w(�5D5K>"/9Ah(.,DA2>C)U5
OBA4,�0
>�,D0-3�8@(.,K,�8KA2j-;U,D3�59] �?0-3�5K3oA2)UH-A2/93�5?0-3972X6,�>kz ( F�3�,�0U3Y8D(�)-H->�z 5�(�z�X-74A2)-Tod
(.5K, ]

��� � ��� < > 	�� ��� � A�� �������

C ,'A45@(�/9>Cz z�>C)
z�A25D/9>C)-/93�XU,DA2>C)6,�0-(., MV;-)U72A�F.3J0-A2398�(�8K/10-A2/�(�7iHV(.,�(�z�>�H-3�745�M-AG,'A45?A2z�X=>�5D5DA4j-723
,�>65D/9>CXN3+ <;-398DA43�5�A2)\,D0-3I8D397h(.,DA2>C)-(�7 HV(.,1(6z�>"HU3�7�] C[)Z(�/�,�;V(�74A4,[F�M�A4,pA25p5K/10-3�z ( �[HU3�XN3�)-H-39)�, ]
R!3�/�(�;-5D3�,�0-38B?m�Cle 5K/10-3�z (Sz�>�H-3�745p,�0-3�)-39,[O:>C8 FNM A4,YA25�XN>C5K5DA2jU723I,�>q5D/9>CX=3+ <;-3�8KA2395YOBAG,�0
8D3�5KX=39/9, ,�>L,D0-3q)-39,[O:>C8GF >�dE,�0-3qTC8DA4Hi]ce�/�>CX-A4)-TQ/�(�)_HU8�(�z (.,�A4/ (�7474FZ72>aO:3�8k,�0-3S/�>C5l,�>.d�(
 �;U3�8KF�]

N+(.)I(@;U5D3�8 5D/9>CX=3 ,�>'(')-3�,[O!>�8GFJ/�>Cz�XN>C)-3�)�,��	� 395�]�C , A25 (�5P5K,D8�(�A4TC0�,DdW>C8lO+(�8KHo(.5 5K/�>CX-A4)-T
,�>I(g0->�5K,?>C8!(g5DAG,�3�M�OB0-A2/106A45!/9>Cz z�>C)&A4)&0-A43�8�(.8D/10-A4/ (�7�m Cle�5lF�5K,�39z 59] C dP,D0-3p;-5K3�8?/10->�>C5K3�5
(�0->�5K, MV0U3Y/�(�)rA45D5K;-3Y(+ <;-A4/ F B?m Cle  <;-398KF
,�>kH-3�,�3�8Kz A4)-3JA4,D5��V8D5l,E0->�XS8K>C;U,�398 � >C8?72(aF�3�8 y
5KOBA4,D/10���] C d ,�0-3Y;-5K3�8@0V(�5'(�/�/93�5D5@,�>�,�0-3J0->C5l, MN0-3YH->"395')U>�,@39`C39)\0V( `C3Y,�>�;-5D3 B?m�CleEHc,D0-3
T�(.,�3�O+( F68K>C;U,D3�8?A25!A2)&,�0U3�8D>C;U,DA2)-Tg,�(�j-743p>�d ,�0-3�0U>C5K,�]!e�/�>CX-A4)-Tg,�>k(I5KA4,�3EA25+H->�)-3Jj<F�;-5DA4)-T
,�0-3R5DA4,D3 P 5E8K3 (�H-A474Fq( `.(�A272(�j-743 N C � B jU72>�/ FS(.5E(�XU8D3 � �\z (.,�/10r(�T�(�A4)-5K,'0->C5l,@C�5 (�H-HU8D3�5K5D395�M
(�)
>CX=398�(.,DA2>C)6,D0V(.,?,�;U8D)-5BA2)�,D> (gd
(�5l,@8�(�)-T�3Y5K/ (�)q>C)6,�0U3YH-(.,1(�j-(�5D3.]

� A2TC;-8K3 �-] �65K0->aOB5g(
5D/�>�X=39HQ`C398D5DA4>C)Z>�d+>C;U8Y8K;-)-)-A4)-Tq3��U(�z�X-723  <;-3�8lFL(�72>C)UT
OBAG,�0 A4,D5



���������
	�����������	 ��� ��	�� ���"����� � �
	�������������	-� ���

SELECT  
R.DISTIP, H1.DISTIP 

FROM 
HOSTS H1, IPLINKS L1, ROUTERS R 

WHERE 
H1.MEM_MB>=512 AND H1.OS='LINUX' 
AND L1.BW_MBS >= 100 
AND ((L1.SRC=R.DISTIP AND L1.DEST=H1.DISTIP) 

OR (L1.DEST = R.DISTIP AND L1.SRC=H1.DISTIP))
AND R.DISTIP IN 

(SELECT 
R.DISTIP FROM HOSTS H1, IPLINKS L1, ROUTERS R 

WHERE  
H1.MEM_MB>=512 AND H1.OS='LINUX' 
AND L1.BW_MBS>=100 
AND ((L1.SRC=R.DISTIP AND L1.DEST=H1.DISTIP) 

OR (L1.DEST = R.DISTIP AND L1.SRC=H1.DISTIP))
GROUP BY 
R.DISTIP 

HAVING COUNT(*) >= 2)
ORDER BY 

R.DISTIP;

SELECT APPROXIMATELY
h1.distip, h2.distip 

FROM 
hosts h1, hosts h2, iplinks l1, iplinks l2, routers r 

WHERE 
h1.mem_mb+h2.mem_mb>=1024 
and h1.os=‘LINUX' and h2.os=‘LINUX' 
and ((l1.src=r.distip and l2.src=r.distip

and l1.dest=h1.distip and l2.dest=h2.distip) 
or (l1.dest=r.distip and l2.dest=r.distip

and l1.src=h1.distip and l2.src=h2.distip)) 
and h1.distip<>h2.distip 
and l1.bw_mbs>=100 and l2.bw_mbs>=100

WITHIN 
100 seconds;

Canned Query and 
Query Manager

and Rewriter

� A4TC;-8K3 �-] �`bvnEX-X-8K> �UA4z�(�,�3  <;-398KFq(�)-HqA4,D5?A2z�X-7239z 39)�,1(.,DA2>C)i]

A2z�X-7239z 39)<,�(.,�A4>C)i]��'398D3�M-O:3�0V( `C3J3 �",D3�)-HU3�HS,D0-3�X-8K39`�A2>C;U5  �;U3�8KF6,D>IA2)-/972;-HU3E,�0-3�)U39,[O:>C8GFBb
O!3�(�8D3 (�5GF<A4)-TqdW>�8YX-(�A28K5Y>.d?0->C5l,�5J,�0V(.,o(�8K3 /9>C)-)-39/9,�39HQ,�>
,�0U3 5D(�z 3�8D>�;U,�398�]
e"/9>CX-A4)-TSA45
(�/10-A23�`C39Hcj<F�/�>�)-5K,D8�(�A4)-A2)-T ,�0U3r/10->CA4/�3S>�d�8D>�;U,�398 ,�>L>C)-3SXV(�8K,DA2/9;-7h(�8k8K>C;U,�398�] n 5K/�>CXN3�H
 �;U3�8KF�z�( F�8D3�,�;-8K)6)->I8D395D;-7G,�5:A4d ,�0U3p8D>C;",�3�8:H->�3�5+)->.,?0V( `C3�(g5K39,?>.d z�(�/10UA2)-395:,�0-(.,?z�3�39,D5
,�0-3B/�>�)-5K,D8�(�A4)<,D5�] �?0-3@;-5K3�8 z�( FgA45D5K;-3@,D0-3  <;-3�8lF AG,�398�(.,DA4`C3974FROBA4,�0�(J72A45K,v>�d=8D>C;",�3�8K5 F<)->aOB)
,�>�0-A2zqMV>C8B0V( `C3Y,�0-3Y5KF�5K,D3�z A25K5D;-3YA4,@8D39X=3�(.,�39H-74F6OBAG,�0q8�(�)UH->Cz�74F&/10U>C5D39)$8D>C;U,D3�8K5';-)�,DA27 (
z�(.,D/10
A25+dW>C;-)UHS>C8+,D0-3�,�A4z 3�74A2z�A4,:A25?3��"/93�3�HU3�Hi]

��� � � � � � �
� 	 � ��� 
������ A�� ���
���
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SELECT 
H1.DISTIP 

FROM 
HOSTS H1, IPLINKS L1, ROUTERS R

WHERE 
H1.MEM_MB>=512  AND H1.OS='LINUX' 
AND  L1.BW_MBS >= 100 
AND  ((L1.SRC=R.DISTIP AND L1.DEST=H1.DISTIP) 

OR (L1.DEST = R.DISTIP AND L1.SRC=H1.DISTIP))
AND R.DISTIP=X
AND ROWNUM <=2

SELECT APPROXIMATELY
h1.distip, h2.distip 

FROM 
hosts h1, hosts h2, iplinks l1, iplinks l2, routers r 

WHERE 
h1.mem_mb+h2.mem_mb>=1024 
and h1.os=‘LINUX' and h2.os=‘LINUX' 
and ((l1.src=r.distip and l2.src=r.distip

and l1.dest=h1.distip and l2.dest=h2.distip) 
or (l1.dest=r.distip and l2.dest=r.distip

and l1.src=h1.distip and l2.src=h2.distip)) 
and h1.distip<>h2.distip 
and l1.bw_mbs>=100 and l2.bw_mbs>=100

SCOPED BY r.distip=X
WITHIN 

100 seconds;

Canned Query and
Query Manager

and Rewriter

� A4TC;-8K3��-] ��b e"/�>CXN3�HS(�X-XU8D> �"A2z (.,�3/ <;-398KFq(�)-HqA4,D5?A2z�X-7239z 39)�,1(.,DA2>C)i]

,�>6(&/9>Cz z�>C)S8D>C;U,D3�89M�,�0-3g(�X-X-8K> �"A4z�(.,D3  <;-398KF\74>"> F�5@dW>C8',[O:>
z�(./10-A2)-395',D0V(.,�3�(�/10 0V( `C3
z 39z >C8lF � t�� �'mSREM^jN>�,�0R(.,D,�(�/10-39Ho,�>'('/9>Cz z�>C)J8D>�;U,�398�M.OB0UA2/10oA45w(BH-3�,�3�8Kz A4)-A25l,�A4/ 5D;-j-5K39,
>�d ,�0-3I>�8DA2T�A2)V(�7� <;-398KF$8K3�5K;-74,D5�] �?0-A25  �;U3�8KFr/ (�)$jN3g3 �",D3�)-HU3�H ,�> . 0->�5K,J/�74;-5K,D3�8K5pA2)\,D0-3
dW>C7274>^OBA4)-ToO!( FC]

�P> �V)-Hk('/�72;U5K,�398 >�d .  <;V(.72A �-3�Hgz (�/10-A4)-3�5w,D0V(., (�8D3+/9>C)-)-39/9,D3�HI,�>p>�)-3+8D>�;U,�398�M�O:3 �V8K5K,
8�(�)-HU>Cz 7GF
/10->�>C5D3I(�8D>C;",�3�8 � >C8'A4,D3�8�(�,�3J,�0-8K>C;-TC0$( 72A25l,@X-8D>a`�A2H-39H$j�FS,D0-3o;-5K3�8 ��] DL3R,D0-3�)
X=398KdW>C8Kz ,�0-3B,�0-8K3�3 � O!(aF 2K>CA4)  <;-398KF�MU72A4z AG,�A4)-T',D0-3')<;-zoj=398!>�d�8D>aOB5!8K39,�;U8D)-39H ,�> .LM<,�> �V)-H
X=>C5K5DA4j-723:/�>CzgjUA2)V(.,DA2>C)U5P>.dx0->C5K,D5 A2)R,�0-3 . n 5 ] �?0-A25 XU8D>�/�3�5K5 8D39X=3�(.,�5w;-)�,�A27�O!3 �V)-Hk(E8K>C;U,�398
OBA4,�0 . (�X-X-8K>CX-8KAh(.,D3o0->C5l,�5�(�,D,1(./10-3�HiMiO:3g8K;-)$>C;U,�>.dv8D>C;U,D3�8K5EOBA4,D0\)->68D395D;-7G,�5EdW>�;-)-HiM=>C8
O!3@8D;-) >C;U,v>�d=,�A4z 3.] 5 >.,�A2/93+,�0V(�, dW>�8:(.)<F�(.8Dj-AG,�8�(.8KFL.ZM�,�0-3  <;-3�8lFk8D3�z (�A4)-5 ( � �U39H�,�0U8D3�3 �
O+( F#2K>CA2)i] D A4,�0Z,�0-3 >C8DA4TCA2)-(�7ve-,/.  <;-3�8lFCMwO:3�O:>C;-72HL)-3�39Hb( y . , s ��O+( F 2K>CA2) ,�>��V)-H
( . z (�/10-A4)-3J/�74;-5K,D3�8�MxOB0-A4/10\A25@>�d /9>C;-8D5K3o3 �",D8D39z 3974F
3��"XN3�)-5KA4`�3�] C d 8�(�)-HU>Cz 8D>C;",�3�8K5p(�8K3
/10->C5D39)iM-,�0U3�)&O:3p3�5K5D3�)�,DAh(�7474F�8�(�)UH->Cz�74Fk5�(.z X-743',D0-3p8D395D;-7G,+5K39,?>�d ,D0-3�(�XUX-8D> �"A2z (.,�3  <;-3�8lF
� � A4TC;-8D3 �-] � ��M-OB0-A4/10SA45?A4,�5K3�7Gdw(IH-3�,�398Dz�A2)-A45K,�A4/p5D;Uj-5D3�,E>�d ,�0-3�dW;-747�8K3�5D;U74,@5D3�, ]
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�P> 39`.(�74;V(.,�3  �;U3�8DA43�59M@O:3 zg;-5K, �V8D5l,
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R �@C 5 N$X-8D> 2K39/9, (., R:3�8GF.3�7439FC]��?0-3v7h(�8KTC3�5l, HV(.,�(�5D3�, O+(.5P>�)-3 /�>C747239/9,�39H�j�FYe"z�A4,�0�M93�,P(�7 ' y�t �*)�]
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8D3�z (�A4)-A2)-T',[O!>RH-39,D3�8Dz�A2)U3+,�0-3BXV(�8D(�z�39,�398D5 >�d=>C;U,DH-3�T�8D3�3@XN>^O:3�8v72(aO�>�d C[)<,D3�8K)-39,v,�>�X=>C74>CT�F
� >C;-8 3 ��,�3�)U5DA2>�)���] �?0U3@39A2TC0�, X-(�8�(�z�39,D3�8K5v(�8D3�b 
 � >C;U,�HU3�TC8K3�3B7h( O*/�>C)U5K,1(.)<, ��M�& � >C;U,�HU3�TC8K3�3
3��"X=>�)-3�)�, ��M���� � z ( �"A2zg;Uz )<;-zoj=398 >�dBD$n 5 5 ��M���� � z ( �"A2zo;-z )�;Uzgj=398 >�d1:Sn 5 5vX=398
D$n 5 ��M���� � z ( �"A2zg;Uz )<;-zgjN3�8v>�d . n 5 5vX=398 :qn 5 ��M��	� � z�( �"A4zg;-z )�;Uzgj=398 >�d=)->"HU3�5
X=3986D$n 5 ��M
��� � z ( �"A2zo;-z )<;-zoj=398@>.dw)->�H-395@XN3�8 :qn 5 ��Mx(�)-H���� � z�( �"A4zg;-z )�;Uzgj=398
>�dP)->"HU3�5+XN3�8 . n 5 ��]UDQ3pXU8D>a`�A2H-3E,D0-3J(�/�,�;V(�7=XV(�8D(�z 3�,�398!`.(�72;-395!A4)&,�0-3p8K3�7439`.(�)�,?5D39/9,DA2>C)-59]

����� � � � 	������#� � ��� � ���
� ����> � A�� �������

DQ3Z39`.(�74;V(.,�39H )->C)-H-3�,�398Dz�A2)-A45K,�A4/! <;-3�8KA23�5qj�F 5K,D;-HUF�A2)-T�0->aO ,D0-3� <;-398KF 8D;U) ,DA2z�3 (�)-H
,�0-3 8D3�5K;-74,o5D3�,I5DA���3�HU3�XN3�)-H-5o>C)Q,�0U3&HV(.,�(�jV(�5K3�5DA���3.Mw,�0-3 5D39723�/�,�A4>C)uX-8K>CjV(�j-A472AG,[FCM (�)-HQ,D0-3
/�>Cz�X-723 �"A4,[FL>�dB,�0-3# <;-398KFC] DQ36;U5D36,[O!> H-A 	�398D39)<,  �;U3�8DA43�59] �?0-3 �V8K5K,k72>�>(F<5odW>C8oTC8D>C;UX-5
>�dB0->C5l,�5o,D0V(.,o,D>CTC3�,�0-398g0V( `C3
(rT�A4`C39)b(�z�>C;-)�,g>.dBz 39z >C8lFC] �?0-3&5D39/�>C)UH*74>"> F�5JdW>C8Y,[O!>
H-A28K3�/9,D74F�/�>C)-)U3�/9,D3�HS0->C5K,D5'8K;-)-)-A4)-TI,�0-3J5D(�z 3�>�X=398�(.,DA2)-TI5lF"5l,�39zS]

��
������������������ ��! . �����#"�����$%" &	���
�('*)+���#"��-,.�/"0)�1�".2�3415�6" � "0�5"01�28793:79���0;+<

�?0-A25/ <;-398KF\>�;-8p8D;U)-)-A2)UT63��U(�z�X-723odW8K>Cz e"3�/�,�A2>�) �-] y ] y M�TC3�)-398�(�74A �93�H\,�> �-)-H . H-A 	=3�8K3�)�,
0->C5K,D5�] 5 >�,�3:,�0V(.,wOB0-A2743+5D;-/10  <;-398DA2395 / (�)kjN3�/9>Cz 39 �;UA4,�3!/�>Cz�X-723 �I(.5w,�0-3?)<;-zoj=398 >�dN0->C5l,�5
TC8D>aOB5�M-,D0-39F
/�(�)qj=3J(�;",�>Cz (.,�A4/ (�7474F�TC39)-3�8D(.,�39Hq`�3�8KF
3�(�5DA474F�]

�@5DA4)-Tq,D0-3�z 39z >C8lF$5DA���3kH-A45K,�8KA2j-;",�A2>�)iMiO!3 TC3�)U3�8�(�,�3�HLTC8DA4H-5J>�d � t M tCtCt M � tCt M tCt�t MP(�)-H
�"M t�tCt M tCtCt 0->C5K,D5:OBAG,�06m�8DA4HxmI] � >�8 3�(�/10&TC8KA2HiM�O:3p39`.(�74;V(.,D3�H y M �UM �UM"(�)-H s �R0U>C5K,:`C3�8K5DA4>C)-5
� ;-5KA2)-T y M �-M��UMv(�)-H s � � O!( F*2K>CA4)-5 �J>�dB,�0-3  �;U3�8KF�M `�(.8KF�A2)-Tr5D3�743�/�,�A2>�)bX-8D>Cj-(�j-A274A4,DA23�59] DL3
8�(�)�3 (�/10  �;U3�8KF	�-`�3@,DA2z�3�59M�z�3 (.5D;-8KA2)-TJ,�0-3  <;-398KF�8D;-)U)-A2)-TJ,�A4z 3@(�)UH�,D0-3')<;-zoj=398:>�d�8D>aOB5
8D39,D;-8D)U3�H j�FQ,�0U3  <;-3�8lFC] DQ368K3�XN>C8K,R,�0-36z�3 (�)�M z A4)-A2zo;-zSM (�)-Hbz ( �"A2zo;-zf>�d?,�0-3 �U`C3
8D;-)-59] � A2TC;U8D3��-] �I5D0->aOB5'(�727�,D0-3JX=398KdW>C8Kz�(.)-/�3�HV(�,1(UMUOB0UA2/10
O!3Y3�72(�j=>�8�(.,D3p>C)qj=3972>aOJ]
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� A2TC;U8D3��-] �[b65P3�8KdW>�8Dz (�)-/�3R>�d )->�)-H-39,D3�8Kz A4)-A25l,�A2// <;-398DA43�5'OBAG,�0SH-A 	=3�8K3�)�,E5KA �93�5E>.d TC8DA4HiMVH-AGd �
dW3�8D39)�,')<;-zoj=398D5@>�dw0U>C5K,D5�Mx(�)-HqH-A 	�398D3�)�,@5D397239/9,�A4>C)
X-8D>�jV(�j-A472A4,DA2395�]
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� A2TC;-8K3��-]��Ub ,p;-3�8lF&,�A4z 3�(.)-HS)<;-zoj=398@>.dw5K3�7239/9,D3�Hr8K>aOB5B`�3�8K5D;-5'5D3�743�/�,�A2>�)qXU8D>CjV(.j-A274A4,[FC]

C[)&(�H-H-AG,�A2>�)k,D>R,D0-3E)->�)-H-39,D3�8Kz A4)-A25l,�A2/  <;-398DA43�5�M�O!3E(�725K>R3�`.(�72;V(�,�3�H�,�0-3'X=398KdW>C8Kz�(.)-/�3B>�d
H-39,D3�8Dz�A2)UA25K,DA2/�(�)-HL72A4z AG,�3�H H-3�,�398Dz�A2)-A45K,�A4/g`C398D5DA4>C)-5g>.d+,�0-3�5DA4z XU723�5l,  <;-398KF � y O+( F 2K>CA2)��
>C)c,�0-3$5Kz�(�7472395K,&)<;-zoj=3986>�do0U>C5K,D5 � � t	� ��M!HV(.,�(u,�0V(.,&>"/9/�;-X-A43�56,�0U3 �V8D5l,6,[O!>*8D>aOB56>�d
� A2TC;U8D3��-] �U] 5 >�,DA2/93Y,D0V(.,@,�0-3RX-;-8D3974F
H-3�,�398Dz�A2)-A45K,�A4/  �;U3�8KF�M=OB0-A4/10rOBA2747 39`�3�)�,�;V(.7274F
8K39,D;-8D)
(�727-XN>C5K5DA2jU723B8D395D;-7G,�5�M<8K30 <;-A28K3�5 >a`C3�8!(�)�0->C;-8v>�d�8D;-)-)UA2)-T�,�A4z 3.] �p8�(./�723(P 5  <;-398KF�X-7h(.)�z ( F.3�5
dW;-727i;U5D3J>�dP,�0-3Y( `.(�A272(�j-723'A2)-HUA2/�395�]

�?0U3$72A2z�A4,D3�H H-3�,�3�8Kz A4)-A25l,�A4/  <;-398KFCM?OB0-A4/10c8D3�,�;-8K)-5&,�0-3��V8D5l,68D395D;-7G, MB>C8�,�0-3 �-8D5K, sat
8D3�5K;-74,D5�M �V)-A45D0-39H*`�3�8KF  <;-A4/ F<74F � t ] s � 5 ��M j-;U,�(�7GO+( F�5k8D3�,�;-8K)-3�H*,�0-3
5�(.z 368K3�5D;U74,�59] �?0-3
)->C)-H-3�,�398Dz�A2)-A45K,�A4/?`C3�8K5DA4>C)6>�di,D0-3E5D(�z 3  <;-3�8lF�3 �U39/�;U,D3�5?z�>C8D3@5D74>aOB74FCM<,1(�F�A4)-Tg(.j=>C;",!,[OBA2/93
(�5?72>C)UTg39`�3�)
OBA4,�0
(o`�3�8lF&72>aO 5D397239/9,�A4>C)6X-8K>CjV(�j-A472AG,[FC] �@>aO!3�`C3�89MVdW>C7274>^OBA4)-TR,D0-3�H-A45D/�;U5D5DA4>C)
>�dPe"39/9,�A4>C) �-] y ] y M<O:3E)->aO TC3�,+(JH-A 	=3�8K3�)�,+5K39,:>�d 8K3�5D;U74,�5 3 (./10�,�A4z 3?O:3E8D;U) ,�0U3  <;-3�8lFCMU(�)-H
,�0-37 <;-398KFYOBA2747�HU>�( � �"3�H�(�z�>C;-)�, >�dVO:>C8GFY3 (�/10g,DA2z�3:AG, A45 8K;-)i] C ,wA25w5K72>aO:3�8 jN3�/�(�;-5D3:,�0-398D3
(�8D3�,[O!>$(.H-H-A4,DA2>C)-(�7 30 <;-A 2K>CA2)U5YOBAG,�0L,D0-3�A4)-5D398K,DA2H-5J,1(�jU723�Mw(�5o/�(�)ujN3 5K3�39)bA2) � A2TC;-8K3 �-] y ]
�?0-A25?>a`C398D0-3�(�HqA25+,�0U3�/�>C5l,?dW>C8?A2z�X-7239z 39)�,�A2)UTo8�(.)-H->Cz 5�(�z�X-72A4)-Tg(.j=>a`C3�,D0-3�HV(.,�(�jV(�5K3�]vn
HV(.,1(.jV(�5D3J39)-TCA2)U3p,�0V(.,@5K;-X-XN>C8K,D5@8D(�)-H->�z 5�(�z�X-74A2)-ToOBA4727i)U>�,BXV( F&,�0UA25BX=39)V(�7G,[FC]

�P>rjN39,K,�398oA27472;-5l,�8D(.,�3g>�;-8R8K3�5K;-74,D5YdW>C8Y)->C)UH-39,D3�8Dz�A2)UA25K,DA2/1 <;-398DA2395�MwO:3�5D0->aO ,[O!>S5D74A2/�395
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� A2TC;-8K3��-]��[b ,p;-3�8lF&,�A4z 3�(.)-HS)<;-zoj=398@>.dw5K3�7239/9,D3�Hr8K>aOB5B`�3�8K5D;-5')�;Uzgj=398B>�dw0U>C5K,D5�]

,�0-8K>C;-TC0 ,D0-3r,1(.j-723.] DQ3\;U5D3\,�0U3 � tCt M tCtCt 0->C5K,&TC8DA4Hi] � A2T�;-8D3 �-] �Z5D0->aOB56,�0-3\(a`�3�8D(�TC3
)�;Uzgj=398v>�di8K3�5D;U74,�5 (�)UH�,D0-3@(a`�3�8D(�TC3  �;U3�8KFI,DA2z�3!dW>C8 ,�0U3B,[O:>Y0->C5K, `C398D5KA2>C)�>�dN,�0-3  <;-3�8lF�(�5
(kdW;-)U/9,�A4>C)
>�dw,D0-3J5D39723�/�,�A4>C)SXU8D>CjV(.j-A274A4,[FC]��?0-3R7439d�,B0V(.)-HS5K/ (�743J/�>C8K8D3�5KX=>�)-H-5',D>I,�0-33 <;-3�8lF
,�A2z�3�MCOB0UA2723B,�0U3'8KA2TC0�, 0V(�)-H�5D/ (.723@5D0->aOB5:,D0-3E)<;-zoj=398:>�di8D3�5K;-74,D5�] 5 >�,�3@,�0V(�,!(.727V5D/�(�72395+(�8K3
72>CT�(.8DA4,D0-z�A2/�] �?0-395D3J8D395D;-7G,�5?5K0->aO ,D0V(.,BA4,!A25+XN>C5K5DA2jU723',D>Iz 3�(�)-A4)-T�dW;-7474FI,�8D(�H-3p>�	\jN39,[O:3�3�)
 �;U3�8KF�X-8K>"/93�5K5DA2)UTR,�A4z 3B(.)-H�8K3�5D;U74,:5D39,:5DA���3.] �?0-3'XN>CA4)<, 0-398D3'A25 ,�0V(�,:AG, A25vX=>�5D5DA4j-723?,D>R`.(�8KF
,�0-3  <;-398KFg,DA2z�3?(�)-HI,�0U3?8D3�5K;-74, 5D39, 5KA ��3?>a`�3�8v5D3�`C3�8D(�7V>C8KH-3�8K5 >.d=z (�TC)UA4,�;UH-3!j�FIz�>"HU;-7h(.,DA2)-T
,�0-3J5D397239/9,�A4>C)
X-8D>�jV(�j-A472A4,[F�]

� A2TC;-8K3��-]��k5D0U>^OB5E( 5K3�/�>�)-H\5D74A2/93J,D0-8D>�;-TC0q>C;-8@HV(.,1("] �p)-/�3R(�T�(.A2)iM-O:3o0V( `�3o;-5K3�Hr,D0-3
� tCt M tCtCt 0->C5K,JT�8DA2Hr(�)-H$5K0->aO ,D0-3I( `C398�(�TC31 <;-398KFS,�A2z�3R(�)-H$8D395D;-7G,�5D3�,�5DA���3.Mij-;U,�0U3�8D3gO:3
`�(.8KF$,�0U3 /9>Cz XU723��"AG,[F$>�d  <;-398KF � ,D0-3 )<;-zoj=398R>�d+0->C5K,D5o(.5GF�39HudW>C8 ��(�)UHQ/10->�>C5D3�5D397239/9,�A4>C)
X-8D>Cj-(�j-A274A4,DA23�5 ,D>o,�8lF ,D>;F�393�X6,�0-3  �;U3�8KF ,�A4z 3E(�5!/9>C)-5K,�(�)�,@(�5+XN>C5D5KA2j-743�] �?0U3pX=>�A2)�,+0-398D3pA45
,�0V(.,JAG,�A25�XN>C5K5DA2jU723o,D>q;U5D3I,�0-3k5K3�7239/9,DA2>C) X-8K>CjV(�j-A472AG,[Fq,D>
/�>C)�,�8K>C7w,D0-3  �;U3�8KF$,DA2z�3o72(�8DTC3974F
A2)-H-39X=39)-H-39)<,'>�d  <;-3�8lF
/�>Cz�X-723 �"A4,[FC]
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� A2TC;U8D3 �-] �[b 5 (�8�(.z 3�,�3�8K5vXV(�5D5K3�H�,D>RmJ8KA2Hxm ,D>JTC3�)-398�(.,D3'T�8DA2HU5vdW>�8 )->C)-H-3�,�398Dz�A2)-A45K,�A4/  <;-3�8lF
39`.(�72;-(.,�A4>C)i]
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������ ��15��� ����!-������3:$%"�2 ; 1 " "015$ )�3:� & � �
�(' )����#"���,.�/"�) 1 " 2/3415�#" " ��" 152 793:79���0;

� <

R!3�/�(�;-5D3 B?m�Cleq(�745D>�5K,D>C8D395'A4)UdW>C8Dz (.,DA2>C)6(.j=>C;",@,D0-3Y)-39,[O:>C8GF6,D>CX=>�72>CT�F�>�d (kTC8KA2HiMUO:3o/�(�)
A2)-/972;-H-3+,D>CXN>C72>CT.FoA4) >C;U8� �;U3�8DA43�59] � >�8 3��U(�z�X-723.MCO!3@/ (�)	�V)-Hk,�0U3'5K0->C8K,D3�5l,!XV(�,�0-5vjN39,[O:3�3�)
(*XV(.A286>�do0->C5K,D5�MJ>C8q(�747pXV(�A48D5
5D0->�8K,�395K,SXV(.,D0-5�M�>C8q( TC8D>�;-X >�dR0->C5l,�5q,�0V(.,S(�8K3$,�A2T�0<,D74F
/�>C)-)U3�/9,D3�Hi]

�p;-8  <;-3�8lFJ0-3�8K3 ,D8DA43�5 ,�> �V)-Ho(�727CX-(�A28K5P>.d-0->C5l,�5 ,�0V(�,w(.8D3vH-A28K3�/�,�74F�(.,D,�(�/10-3�H � (.,P72(aF�3�8 � ��]
�?0-3Rz (�/10-A4)-3�5Bzg;U5K,@0V( `C3Y,�0-3Y5�(�z�3�>CXN3�8D(.,�A4)-Tk5KF�5K,D3�z (�)-HSzg;-5K,@0V( `�3o(I,�>�,�(�7 z�3�z�>C8KF
>�d?(.,Y743 (�5l, s mSRE] DQ3�TC39)-3�8D(.,�39HuH-A 	=3�8K3�)�,Y)-39,[O:>C8 F�59M 8�(.)-TCA2)UTqdW8K>Cz sat M tCtCt ,D> sat�t M t�tCt
0->C5K,D5�dW>�8k,D0-A25  <;-398KFC] �?0-3S)U39,[O:>C8GF XV(�8D(�z�39,�398D5kTCAG`C3�)*,�>QmJ8KA2Hxm (�8D3
5K;-z z (�8KA ��39H�A4)
� A2TC;U8D3��-] �U]

� A2TC;-8K3 �U] sat 5D0->aOB5w,D0-3?( `C398�(�TC39 �;U3�8KFY,�A4z 3v`C398D5K;-5 5D39723�/�,�A4>C)oX-8K>CjV(�jUA272AG,[FpdW>C8 H-A 	=3�8K3�)�,
5DA �93'T�8DA2HU5�] � A4TC;-8K3 �U] sCs 5D0U>^OB5:,�0-3'( `C3�8D(�TC3'8D3�5K;-74,:5D3�,+5KA ��3BdW>C8 ,�0U3E5�(.z 3BXV(�8D(�z�39,�398D59] � >�8
,�0-A45 8�(�)-T�3@>.d�5K3�7239/9,DA2>C)kX-8K>CjV(�j-A472AG,�A2395�M  �;U3�8KFI,DA2z�3+A2)U/�8D3�(�5D395!(.X-X-8D> �"A2z (.,D3�74FR72A4)-3 (.8D74FJOBAG,�0
5D3�743�/�,�A2>�)rX-8K>CjV(�j-A472AG,[FCMUOB0-A4723J,�0-3Y8D395D;-7G,E5K39,E5DA �93RA4)-/�8K3 (�5K3�5p5K72A4TC0�,�74F d
(�5K,D3�89]��?0U3�5D3o8D3�5K;-74,D5
X-8D>a`�A2H-3Sz >�8D3r3�`�A2H-39)-/�3r,D0V(.,�A4, A25�XN>C5K5DA2jU723
,�>u;-5K3\5D397239/9,�A4>C)_XU8D>CjV(.j-A274A4,[Fu,D>Q,�8D(�H-3r>�	
j=3�,[O!393�)�8D3�5K;-74, 5D39, 5DA �93?(�)-H1 <;-398KFg,DA2z�3 dW>�8� <;-3�8KA23�5 (�j=>�;U, TC8KA2H-5POBA4,�0g,[F�X-A4/ (�7�,�>CXN>C74>CTCA2/�(�7
(�)-Hqz 39z >C8lF�5KA �93YHUA25K,D8DA4j-;U,�A4>C)-59]
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�'>�5K,�5 � & 5 D 5 : 5 . e�D e[: e .
�UM�� tCt �"] � s � � y ] � � s � � � t � t y�tCt
s tUs M y�tCt �"] � s � � y ] � � s y � yCy � t � t y�tCt
� � t M tCtCt �"] � s � � y ] � � s � t � t � t � t y�tCt

� A2TC;U8D3 �U] s^y b 5 (�8�(�z�39,D3�8K5IXV(�5D5K3�H ,�>Zm�8DA4Hxm dW>C8gTC39)-3�8D(.,�A4)-T$TC8DA4H-5R,D>$39`.(�74;V(.,�3�5D/�>�X=39HiM
(�X-X-8K> �"A4z�(.,D3�MV(.)-H
5D/�>�X=39H\(�X-XU8D> �"A2z (.,�3�)-3�,[O!>�8GF# <;-3�8KA2395�]
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DQ3@39`.(�74;V(.,�39H�0->aO ,D0-3@X=398KdW>C8Kz�(�)U/�3@>�di5K/�>CXN3�HiMU(�X-X-8K> �UA4z�(�,�3�M<(.)-H�5K/�>CXN3�H6(.X-X-8D> �"A2z (.,D3
 �;U3�8DA43�5:>C) B+m ClekH-3�XN3�)-HU5!>C)�,�0-3@HV(.,�(�jV(�5K3'5KA ��3.MU(.)-H ,D0-3'/9>Cz�X-723 �UAG,[FI>�d=,�0-3  �;U3�8KF�] �?0-3
 �;U3�8DA43�5�O:3I;-5D3�(�8K3I)-3 (�8K74FSA2H-39)�,�A2/�(�7 ,D>6,�0->C5K3I>�dv,�0-3kX-8K39`�A2>�;-5�5D39/9,�A4>C)i] �?0-3 �V8D5l,Y72>�>(F<5
dW>C8E5K39,�5E>�dv0->C5l,�5E,D0V(.,pz�3�3�,�( ,D>�,1(.7 z�3�z�>C8KF
8K30 <;-A48D3�z�3�)�,J(.)-Hr,�>.,1(�7PH-A25 F
8D30 <;-A48D39z 39)<,�M
,�0-3&72(.,D,D3�8R8D30 <;-A48D39z 39)<,gj=39A2)-Tr,D0-3&H-A 	�398D39)-/�3&dW8K>Cz ,�0-3&XU8D39`�A4>C;-5I5D39/9,DA2>C)i]��?0U365D3�/9>C)-H
72>�>(F<5EdW>C8�TC8K>C;-X-5�>�d 0->�5K,�5�,D0V(.,Y(�H-HUA4,�A4>C)V(�7474Fq(�8K3g,�A4TC0�,�74Fq/9>C;-X-743�H >C)$,�0-3k)-3�,[O!>�8GF � A�] 3�]GM
/�72;U5K,�398D59] � �@3�8D3.M ,D0-3 /9>C;-X-74A2)-T
A45Y)U>�,oHUA28D39/9,R(.,K,1(�/10-z�3�)�,�M j-;",o5K0V(�8DA4)-TS(q/9>Cz z�>C)��V8K5K,
0->CXq8D>C;U,D3�89]

�?0U3o)-3�,[O!>C8 F
XV(�8�(.z 3�,�3�8K5B>�dw,D0-3R5lF�)<,D0-39,DA2/YTC8DA4H-5B;-5D39H\A2)6,D0-A25B5D39/9,DA2>C)r(�8D3JH-395D/�8KA2jN3�H
A2) � A2T�;-8D3 �U] s^y ] �?0-3Rz�3�z�>C8lF�H-A45K,D8DA2jU;U,�A4>C)-5B(�8K3J(�5Bj=3�dW>C8D3.]
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�'3�8K3�O:3�39`.(�72;-(.,�39HZ,D0-3 XN3�8ldW>C8Dz (�)-/93k>�d+>C8KA2TCA4)V(�7w(�)-HZ5D/�>�X=39Hb(�X-X-8K> �UA4z�(�,�3g`C398D5KA2>C)-5Y>�d
(  <;-398KF$,�0-(.,Y5D3 (.8D/10-5YdW>C8 . 0U>C5K,D5YOBAG,�0L(
,D>�,1(�7 z�3�z�>C8lF�� � say . : R (�)UHZ,D>�,1(�7 HUA25GF
� � t .L] � A2TC;U8D3 �U] s �&5K0->aOB5�,�0-3k( `C398�(�T�3I8D3�5KX=>�)-5D3I,�A4z 3R>�d j=>.,�0\`C398D5KA2>C)-5J>�dv,D0-31 <;-3�8lF
dW>C8�,�0U3Z72(�8DT�3�5K,&TC8DA4H 5DA���3�] C[) (.727',D0-3$H-A 	�398D3�)�,
5KA ��39H TC8DA4H-5�MBO!3 5K3�3$,�0V(�,6,�0-3$5K/�>CXN3�H
(�X-X-8K> �"A4z�(.,D39 <;-398KFo,DA2z�3:A45wA4)-H-3�XN3�)UH-3�)�,v>�dV,D0-3+)<;-zgjN3�8 >.dx0->C5K,D5 A2)R,�0-3+T�8D>C;-X�M�OB0-A2743:,D0-3
H-39,D3�8Dz�A2)UA25K,DA2/� <;-398KFJ,�A4z 3 T�8D>aOB5 `C3�8lFJd
(�5K, OBA4,D0Y,D0-3v)<;-zgjN3�8P>�dU0U>C5K,D5�] C[)R(�727�/ (�5K3�5�M�8D3�5K;-74,D5
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� A2TC;U8D3 �-] s �[b �@>C5K,!TC8D>C;UX  <;-3�8lF�8K3�5DXN>C)-5K3E,�A4z 3B`�5�] )<;-zgjN3�8:>�d 0->C5l,�5 OBA4,�0 � � t M tCtCt 0->C5l,�5
� 5D/9>CXN3�H\(.X-X-8D> �"A2z (.,D3  <;-3�8lF ��]

O!398D3I8D3�,�;-8K)-3�H�] N!743 (�8K74F�M�0<;-z (�)! <;-3�8lF\/�8K3 (.,DA2>C) � ,�0U3k(�X-X-8K> �"A4z�(.,D3YdW>�8Dz >�d ,�0-31 <;-398KF �
/�>CzgjUA2)-39H&OBA4,�0
(.;U,�>Cz (.,D3�H�,D8�(�)-5ldW>C8Dz (.,DA2>C) � 5D/9>CX-A4)-T �:/�(�)68D395D;-7G,?A2)# <;-398KF&XN3�8ldW>C8Dz (�)-/93
,�0V(.,B5K/ (�743�5?`C398KF6O:3�747iOBA4,�0
X-8K>Cj-743�z 5KA ��3.]

��
������ ����������� ��! . �����#"�����$%" &	���
�(' )����#"�� ,.� "�) 2�� � ����15���+,.���+"�)�� 15��� "0�5"0152

793:79����; � 1�" " 15$ )+3:��"0�91 $ ��7 79���������("034��� <

�?0-A25  <;-3�8lF
5D3 (.8D/10-395EdW>C8@(�) . 0->�5K, . A4)<; �
/�74;-5K,D3�8BOBA4,D0S74A2)`F jV(�)-HUOBA4HU,�0U5 � satCt :Sj-X-59M
(�)-Hk,�>�,�(�7Vz 39z >�8KF � � s^y .L] �'3�8K3�M�O:3'z�3 (�5K;-8D39H ,D0-3B8D3�5KX=>�)-5D3@,�A2z�3?>�d=>C8DA4TCA2)-(�7�M.5D/�>�X=39HiM
(�X-X-8K> �"A4z�(.,D3�M:(�)-H�5D/�>�X=39H (�X-XU8D> �"A2z (.,�3&`�3�8D5KA2>C)U5�>�d',�0-A45 �l/�72;U5K,�398 �V)-H-398 �  <;-398KF�(�5�(
dW;-)-/9,DA2>C)r>�d HV(.,�(�jV(�5K3g5DA���3o(�)-H! <;-3�8lFr/9>Cz�X-723 �UAG,[F � )<;-zgjN3�8'>�dv0->C5l,�5 ��] R!39/ (�;-5K3I>�d ,DA2z�3
72A2z�A4,�(.,�A4>C)-59M�>�;-8BHV(.,1(k/�>�z XV(.8D3�5'(�747�`C398D5DA4>C)-5@>C)
,�0-3Y5Dz (�727�TC8DA4H � �UM�� tCt 0->C5K,D5 ��MNjU;U,@>C)-74F
,�0-3J>C8KA2TCA4)V(�7 � 5D74>aO!395K, �B(�)-H
5K/�>CXN3�Hr(�X-X-8K> �"A4z�(.,D3 � d
(�5l,�395K, �!`�3�8D5KA2>C)U5@>�)q,D0-3J7h(�8KTC3�8+T�8DA2HU5�]

� A2TC;-8K3 �U] s ��5D0->aOB5�( ,�(�j-743R>�d ,D0-3g( `�3�8�(.TC3g8D395DXN>C)-5K3o,�A4z 395'dW>C8@3 (�/10$>.d ,�0-3oH-A 	=3�8K3�)�,
`C3�8K5DA4>C)-5p>�d ,D0-3  <;-398KFr8D;-)\>�)r,�0-3R5Dz (�727 TC8KA2Hi] D 0-39)$TC>CA2)UT dW8D>�z >C8DA4TCA2)V(.7Pe-,/.  <;-398DA43�5
,�>b5D/9>CX-A4)-T-M?,�0-3rH-3�/98D3 (.5D3 A2)c8K3�5DXN>C)-5K3\,�A4z 3SA25�5Kz�(.727@H-;-3\,�>L,�0-3$X-8K3�5K3�)-/93Z>.d . � O!( F
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N!72;-5l,�398 �p8DA4TCA2)V(.7 e"/�>�X=39H nEX-XU8D> � e"/�>CXN3�H ,
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y y"s ] � � y ] y � �"] � y s ] s �
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� A2TC;U8D3 �-] s �`b�N!74;-5K,D3�8 �V)-H-398  <;-398KFk,�A4z 395vA2)�5D3�/9>C)-H-5 dW>C8 ,�0-3BdW>C;-8  <;-3�8lFk,�3�/10U)-A" <;-395:dW>C8 (
HV(.,1(.jV(�5D3YXN>CX-;-72(.,�39HqOBAG,�0 �UM�� tCt 0U>C5K,D5�]6C[)q,�0-3 �VTC;-8K3�M(����� 8K3�X-8K3�5D39)�,�5E,D0->C5D3J,�395K,D5',�0-(.,
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� A2TC;U8D3 �-] s �Ub N!72;-5l,�398 �V)-HU3�8  <;-398KFZ,�A2z�3k`"59]r/972;-5l,�3�8o5DA �93 OBAG,�0 � � t M t�tCt 0U>C5K,D5 � 5K/�>CXN3�H
(�X-X-8K> �"A4z�(.,D3/ <;-3�8lF ��]

2K>CA2)-5!A2)63 (./10i] :S>a`"A4)-Tg,�>k(.X-X-8D> �"A2z (.,D3  <;-3�8KA23�5?8K3�5K;-74,D5?A2)6zg;-/10
jN39,K,�3�8?5K/ (�74A2)-TROBA4,�0 .Z]
��)U74FL(.d�,�398R,D0-3 . � � y H->�3�5o,D0-3&8K3�5DXN>C)-5K3&,�A4z 3�j=39/�>Cz�3�;U)-8D3�(�5D>C)-(�j-723.]��?0-3&5K/�>CXN3�H
(�X-X-8K> �"A4z�(.,D3  �;U3�8DA43�5g0-(a`�3�H-8D(�z (.,�A4/ (�7474F\74>aO!398R8K3�5DXN>C)-5K3�,�A4z 395�M (�)-Hu5K/ (�743 )UA2/�3974F$OBAG,�0
A2)-/98D3 (.5DA2)UT�/972;-5l,�398@5KA �93�5�]

� A2TC;-8K3 �-] s �SXU8D>a`�A2H-395gz >�8D3�HU39,1(.A27 dW>C8R,D0-3&5K/�>CXN3�H*(�X-XU8D> �"A2z (.,�3+ <;-3�8lFu8D;U)-)-A2)UT\>C)
,�0-3\72(�8DT�3�5K,�TC8DA4H � � � t M tCtCt 0U>C5K,D5 ��] �@3�8K3\O!3\;U5D3$8�(.)-H->Cz�A �93�H 5K/�>CX-A4)-T-MB8D39X=3�(.,�A4)-TQ,D0-3
 �;U3�8KFQOBA4,�0u(\H-A 	=3�8K3�)�,k8�(�)UH->Cz 8D>C;U,D3�8g;U)<,DA27!(\z�(.,D/10bA25odW>�;-)-Hi] R!3�/�(�;-5K3&,�0-365K/�>CXN3�H
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(�X-X-8K> �"A4z�(.,D3  <;-398DA43�5&(.74O!(aF�5&XN3�8ldW>C8Dz (Z,�0-8K3�3 ��O+( F!2K>CA2)�M!8D39T�(�8KH-72395D5�>.d .LM+,�0U3r7h(.8DTC398
,�0V(.,�. A45�Mw,D0-3�z�>C8D3 j=39)-3 �U,g,�0-3�FQXU8D>a`�A2H-3.]rnE5R,�0-3 TC8DA4HQTC8K>^OB5oA2)Q5KA �93�M ,�0U3�3��"XN3�/�,�3�H
)�;Uzgj=398p>�d . n 5 5E,D0V(.,pzo;-5K,�jN3o5K3 (�8K/10-3�HZH-39/�8D3�(�5D395�]�C[) (�HUH-A4,DA2>C)iMV,D0-3I( `C398�(�TC3o8D30 <;-395K,
,�A2z�3?XN3�8 . n 5 5D/ (.723�5v8K3�7h(�,�A4`�3�7GFg72A4)-3 (.8D74Fg(�5 ,�0-3@/�74;-5K,D3�8v5DA���3@A2)-/98D3�(�5D395�]_C[)k,�0-3BO!>�8D5K,:/ (.5D3
O!3:5K,�;UH-A239H � ���')->�H-3!/972;-5l,�3�89M � � t M t�tCt 0U>C5K,D5 � ,D0-3+( `�3�8�(.TC3:,DA2z�3 >.d-,�0-3:8D3  �;U3�5K, A25P723�5K5 ,D0V(�)
� t 5D39/�>C)-HU5�M OB0-A2/10 A45E8D39z�(.8GF�(�j-7GFqd
(.5K,�398p,�0V(.)\,�0-3 I I y�tCt�t 5D39/�>C)-H$,DA2z�3�5p5K3�3�) j�F\,D0-3
>C8DA4TCA2)V(.7� <;-3�8lFC]rn'T�(�A4)iMw(.;U,�>Cz (.,D3�H  <;-398KFZ,�8D(�)-5KdW>�8Dz (.,�A4>C)-5J/ (�)QH-8�(�z (.,DA2/ (.7274FSA2z�X-8K>^`�3
X=398KdW>C8Kz�(�)U/�3�M"OBA4,�0
0<;-z (�)qA2)�,�398K`C39)�,�A2>�)SX-8K>a`"A4H-A2)UTI39`C39)\z�>C8D3�T�(.A2)-59]
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m CleJ5KF�5K,D3�z�5wzg;-5l, 5K/ (�743:A4)Y,D0-3:XU8D3�5K3�)-/93?>�d-zo;-74,DA2X-743 /�>C)-/9;-8D8K3�)�, ;U5D3�8K5 (�)-HR;-)-H-398w;-XNHV(.,D3
72>�(�H ' s � t )�] �P>o5l,�;-HUF8B?m�Cle P 5:XN3�8ldW>C8Dz (�)-/93'A4)�,D0-A25v8K3�5DXN3�/�, M�O!3';-5D39H�,�0-3@5D/9>CXN3�H6(�XUX-8D> � �
A2z (.,�3  <;-398DA2395!H-395D/98DA2jN3�H�A2)�e"3�/�,�A2>�) �-] �U] �R8K;-)-)-A4)-TR>�) ,�0U3'5Kz�(�747-TC8KA2H � �UM�� tCt 0->C5l,�5 ��] �?0-3
;-X=H-(.,�3k72>C(�H /�>C)-5KA25l,�3�HL>�d?(
X-8K>"/93�5D5Y/�>�)<,DA2)<;->C;U5D74F\H->CA2)UTq,D8�(�)-5D(�/9,DA2>C)-(�7 ;-XNHV(.,D3�5Y>�d!,D0-3
H-A25 F&5DA���3J>�d 8�(�)-HU>Cz 7GF�5K3�743�/9,D3�HS0->C5K,D5�]

C[) � A2TC;U8D3 �-] s �UM=zo;-74,DA2X-743�;-5D398D5�(�8K3oAG,�3�8D(.,�AG`C3974F
A25K5D;-A4)-T�5K/�>CXN3�H\(�X-X-8K> �"A4z�(.,D3  <;-398DA43�5
,�0V(.,�(�8D3R3 (�/10 5D3�(�8D/10UA2)-T&dW>C8 . A2)<; �r/�72;U5K,�398D5pOBAG,�0�����)->"HU3�5�M 74A2)`F6j-(�)-HUOBA4HU,�0-5�>.d � s tCt
:Sj-X-59Mi(�)-Hr(�,D>�,1(�7 z�3�z�>C8lF6>�d � say�� ��� : RE]^DL3oX-74>�,B,�0-39A28@( `C3�8D(�TC3g8K3�5KX=>C)U5D3R,DA2z�3Y(�5
(RdW;-)-/�,�A2>�)&>�d ,�0U3p)<;-zgjN3�8+>�d /9>C)-/9;-8D8K3�)�,B;-5D398D59] � A2TC;-8K3 �-] s �RA45!A4H-3�)�,�A4/ (�7x3 �U/93�XU,@0-398D3EO:3
8D;-)Q,D0-3�0->C5K,oTC8D>�;-X  <;-398KFZ,�8KF�A4)-TS,D> �V)-H . 0->C5l,�5YOBA4,�0Q(q,D>�,1(�7vz�3�z�>C8KF�� ��� � � s^y
: RE]4DL3�>�j-5D398K`C3&,D0V(.,R,�0-3&;UX=HV(�,�A2)UTrX-8K>"/93�5D5o/ (�)u5K72>aO H->aOB)u,�0-3 A2)UdW>�8Dz (.,�A4>C) 5D3�8l`C398�M
j-;U,�,D0-3q3 	=3�/9,&A25�5Dz (�727B(�)UH_)->ZO!>C8K5D3r,D0V(�) sat�� A2)*z >�5K, /�A28K/�;-z�5K,�(�)-/93�5�] �'>aO O:3�747
zg;-74,DA2X-743  <;-3�8KA23�5:5D/�(�723'H-3�XN3�)-HU5!`C398KF zg;-/10&>C) ,�0-39A28 )V(.,�;U8D3�]�B?m Cle�3 	=3�/9,DA4`�3�74F�7439`C398�(�T�3�5
,�0-3J3��"A45K,�A4)-Tkz 39/10V(�)-A45Dz�5?A2)6,�0U3 B � R :\e&,�>k0V(.)-H-723J(Iz�A �"3�H* <;-398KF �.;-XNHV(.,D3YO:>C8GF<74>�(�Hi]
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�?0-3?39`.(�74;V(.,�A4>C)o>.dV,�0-3+XU8D39`�A4>C;-5 5K3�/9,DA2>C)I5K0->aO!39H�,D0V(.,w>C;-8� <;-398KFo,D3�/10-)UA" <;-3�5 /�(�)g,�8D(�H-3+>�	
j=3�,[O!393�)�,D0-3B8D;-)-)UA2)-T�,�A4z 3!>�d=,D0-3  <;-3�8lF�(�)-Hk,�0-3B)<;-zgjN3�8v>�d�8D3�5K;-74,D5v8D39,D;-8D)U3�H�>^`�3�8 z�(.)<F
>C8DH-398D5?>�dPz (�TC)-AG,�;-HU3�]�C[)
XV(.8K,�A4/�;-72(�8�M�)->C)UH-39,D3�8Dz�A2)UA25Dz X-8K>a`"A4H-3�5+`�3�8lF �V)-3�TC8D(�A2)�/�>C)�,�8K>C7�M
,�0-3g5K3�743�/9,DA2>C)rX-8D>Cj-(�j-A274A4,[F�] �@>aO!3�`C3�89M (�5pH-395D/98DA2jN3�H$A4)$e"39/9,DA2>C) �U] y M  <;-3�8KA23�5EA2) B?m�Cler(�8K3
(�725K>k,DA2z�3 � j=>C;U)-H-3�H�] B?m�Cle
A4z X-743�z�3�)�,�5:,�0-395D3YH-3 (�HU72A2)U3�5?;-5KA2)-TI,�0U8D3�3�,D3�/10-)-A  <;-3�59]

�?0U3 �-8D5K,v,D3�/10-)-A  <;-3'A45���$'"K#��[��	 &I	���	���%�]��?0-3  <;-3�8lFIz�(.)V(�TC398 �.8K39OB8DAG,�398 5K,�(�8K,D5v,D0-3  <;-3�8lF
(�5Y(
/10UA272H X-8K>"/93�5K5Y>�8J,D0-8D3�(�Hi] �?0-3�/10-A472H$A25�,D0-3�)L(�7274>aO!39H\,�>q8D;-) ;-)�,�A47 ,�0-3kH-3�(�H-74A2)-3gA45
3��"/�393�H-39Hi] C d'AG,I/�>�z X-7439,D3�5IjN39dW>C8K3&,�0V(.,o,�A2z�3�M AG,I8D3�,�;-8K)-5g,�0U3q8K3�5K;-74,I5K39,k,�>\,D0-36XV(�8K3�)�,
OB0-A2/10 8D3�,�;-8K)-5g,�0U3�zf,�>\,�0U3&/ (�7472398�] C d@A4,o8D;-)-5I>�;U,I>�d?,DA2z�3�M AG,gA25 F�A472743�Hu(.)-Hb)->$8D395D;-7G,
5D39,kA45g8D3�,�;-8K)-3�H�] �'(�8DH � 72A4z AG,�A2)UT6/ (�) jN3&;-5D39HbOBA4,�0b3�`C398KF� <;-398KFbA4)u>C;-8g5lF�5K,�39zS] 5 >�) �
H-39,D3�8Dz�A2)UA25K,DA2/3 <;-3�8KA23�5J(.)-H$8�(�)UH->Cz�74F
5D/9>CXN3�H  <;-3�8KA23�5J(.8D3g8K3�XN3 (.,D3�H$H-;-8KA2)-T&,D0-3I(�7472>�,K,�39H
,�A2z�3�]

�?0U3&5D39/�>C)-Hb,D3�/10-)-A  <;-3&A25
����	 &���	���%�MPOB0UA2/10bA25R72A4z AG,�3�H$,D>r)->C)UH-39,D3�8Dz�A2)UA25K,DA2/+ <;-3�8KA23�59]
�'3�8K3�M-O:3JA2)-AG,�Ah(.7274Fg8D;-)
,�0-3/ <;-398KF6OBAG,�0q(g`C3�8lF65Dz (�747�5D397239/9,�A4>C)
X-8D>�jV(�j-A472A4,[F�]�C d )->�8D3�5K;-74,D5
(�8D3k8D3�,�;-8K)-3�H�M ,�0U3 X-8K>CjV(�jUA272AG,[FrA45JH->C;-j-743�HL(�)-HZ,�0-3  <;-3�8lFZA25J8D;-)L(�T�(.A2)i]	�?0-A45R0V(.X-X=39)-5
A4,�398�(.,DA4`�3�74Fq;-)�,DA27 39A4,�0U3�8E,D0-3IH-3 (.H-72A4)-3gA25E3��"/�393�H-39HQ>C8�(&)U>C) �[)<;-747 8D395D;-7G,�5D3�,JA25�( `.(�A47h(�j-743�]

5 >�,DA2/�3@,�0V(�,!jN3�/�(�;-5D3�/972A4zgj-A2)UTR(.74O!(aF�5:A25D5K;-3�5+(�)->�,D0-3�87 <;-398KF A4di,D0-3�8K3EA45:,�A4z 3B7439d�, M�A4,:z (aF
>^`�3�8K5D0->�>�,@,�0-3JH-3�(�H-72A4)-3�]

�?0U3v,D0-A28KHp,�39/10-)-A" <;-3vA45�(+*���	 & $��
	����VMaOB0-A2/10JA45 (�725K>?72A4z AG,�3�H@,�>?)->�)-H-39,D3�8Kz A4)-A25l,�A2/  <;-3�8KA23�59]
� 5l,�A4z�(.,DA2>C) A45Y5KA2z�A272(�8',D>r/�74A2zgjUA2)-T63 �U/93�XU,R,�0V(�,RO:3�X-8K3�H-A4/9,Y,�0-3�)-3 �",  <;-3�8lFZ,DA2z�3gdW8D>Cz
,�0-3SX-8D3�`"A4>C;-5+ <;-3�8lF�,DA2z�3�5�(�)-H*,�0-39) >C)-7GF A25D5K;-3
,�0-3S)-3���,  <;-398KF*A4d',�0-398D3SA25�5D;���/�A43�)�,
,�A2z�3I8D39z�(.A2)-A4)-T-] �@3�)-/93�MPA4,JA25�d
(�8�743�5K5Y74A�F.3�74FS,�>q>a`C3�8K5D0->�>�,J,�0U3 H-3�(�H-74A2)-3.]�e";-8DXU8DA25KA2)-T�74FCM
X-8D39H-A2/�,�A2)UT  <;-398KFq,�A2z�3pdW8D>�z X-8D3�`"A4>C;-5'A2)-5l,1(�)-/93�5'>�d (�)->C)-H-3�,�398Dz�A2)-A45K,�A4/  �;U3�8KFq8K;-)SOBAG,�0
72>aO!398B5D3�743�/�,�A2>�)qXU8D>CjV(.j-A274A4,�A43�5!(�X-XN3 (�8K5B,D>kj=3J5K,D8�(�A4TC0�,DdW>C8lO+(.8DHi]
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DL3!5l,�;-HUA23�HR5D3�`C3�8D(�7"dW;U)-/9,DA2>C)-5 � 74A2)-3�(�8�M^XN>aO!398�MCXN>C74F�)->�z A2(�7�M 3 �"X=>C)U3�)�,�A2(�7 ��dW>C8 z (�X-X-A4)-T
dW8D>Cz 5K3�743�/9,DA2>C)
X-8K>CjV(�jUA272AG,[F ,D> 8K;-)-)-A4)-TI,�A4z 3.] �p39TC8D393�,[O!>�X=>�74F�)->Cz�Ah(�745:O:>C8GF.3�H\jN3�5l,BdW>C8
,�0-3  <;-3�8KA23�5 H-3�5K/�8KA2jN3�HgA4)Y,D0-3:XU8D39`�A4>C;-5P5D3�/�,�A4>C)i]�C[)R>C;-8PA2z�X-7239z 39)�,1(.,DA2>C)iM9O!3:z >C)UA4,�>�8 3 (�/10
 �;U3�8KF�P 5',DA2z�3J(�)-Hr5K3�743�/9,DA2>C)qX-8K>CjV(�j-A472AG,[FC] n'd�,D3�8B,�0-3 �V8K5K,  <;-3�8lFCMxO!3Y3�5l,�A2z (.,D3J,D0-3Y5D3�/9>C)-H
 �;U3�8KF$,DA2z�3g,�>
jN3�,D0-3k5�(�z�3�(�5�,�0-3 �V8K5K, ]�n'd�,D3�8�,�0U3	�-8D5K,Y,[O:>  <;-398DA2395�MPO!3�H->q(qHU3�TC8K3�3
>C)-3 .P(.TC8�(�)UTC36A2)�,�398DXN>C7h(�,�A2>�)u,�>Z3�5K,DA2z (.,�36,D0-36,�0-A48DH� �;U3�8KF ,DA2z�3�] � >C8I,�0-3
dW>C;-8l,�0�(�)-H
dW;-8K,D0-3�8  <;-398DA2395�M-O:3J3�5K,DA2z (.,�3',�0-3�)-3 ��,  �;U3�8KF�,�A2z�3pj�F6(.X-X-74F�A4)-Tk(gH-3�T�8D3�3�,[O:>+.P(.TC8�(�)UTC3
A2)�,�398DXN>C7h(.,DA2>C)LX=>�74F�)->Cz�Ah(�7 ,D>\,�0-36X-8K39`�A2>�;-5g,�0-8K3�3* <;-3�8lFu,�A4z 395�] �'39)-/�3.M!(.d�,D3�8o,D0-3 �V8K5K,
 �;U3�8KF�MNO:3Y0V( `C3o5K>Cz�3Yz�>�H-3�7i,D0V(.,@z�(.X-5?dW8D>Cz 5K3�743�/9,DA2>C)qX-8K>CjV(�j-A472AG,[F ,D>  <;-398KF
,�A4z 3.]$DL3
,�0-39)\;-5D3R,�0V(.,'z�>"H-397 ,�>�XU8D3�HUA2/9,EA4d O!3g5l,�A4727 0V( `C3o3�)->C;UTC0r,�A4z 3�,D>�H->�,D0-3o)U3���,  <;-398KFS>C8
zg;-5K,B,D3�8Dz�A2)-(.,�3.]

R:3�/ (.;-5D3q5D39723�/�,�A4>C)�XU8D>CjV(.j-A274A4,[FZTC8D>aOB5�3��"XN>C)-3�)�,DAh(�7474FCMv/972A2zoj-A2)-T\(�)-H 3�5l,�A2z (.,DA2>C) (�8K3
7h(�8KTC3�7GF�A4)-5D39)-5DAG,�A4`�3�,�>I,�0-3JA4)-A4,DAh(�7N5D39723�/�,�A4>C)
X-8D>Cj-(�j-A274A4,[F (�)-H
O:3R5K39,@A4,?`�3�8KF
74>aOJ]

� A2TC;-8K3��-] s �IA27274;-5K,D8�(.,D3�5 ,�0-3JXN3�8KdW>�8Dz (�)-/�3�>.d ,D0-3�5K3RH-A 	�398D39)<,?,D3�/10-)UA" <;-3�5@dW>C8B(I5�(�z�X-743
)->C)-H-3�,�398Dz�A2)-A45K,�A4/  <;-3�8lFC] �?0-3  �;U3�8KF
74>"> F�5?dW>C8+,[O:>�0->C5K,D5@OBAG,�0q(k/�>CzgjUA2)-39H
,D>�,1(.7i>�d � tCt
m R >�dBz (�A4)uz 39z >�8KFZA2)b( � t M t�tCt 0->C5l,kHV(.,�(�jV(�5K3�]Le";-/10�(\/�>Czoj-A2)V(�,�A2>�)QA25Y`C398KFb8D(�8D3.M
j-;U,BXN>C5D5KA2j-743�MU0U3�)-/93Y,D0-3�8D;-)U)-A2)-Tg,DA2z�3'O:>C;-74HqjN3/ <;-A4,D3�0-A2T�0&dW>C8?(gH-3�,�3�8Kz A4)-A25l,�A4/'`C398D5KA2>C)
>�d ,�0-3  <;-3�8lFC] �?0-3o>C)-74FqH-A 	�398D39)-/�3gjN39,[O:3�39) � ( ��M � j���M�(�)-H � / �'A45@,D0-3gH-3�(�H-72A4)-3�M s ] y M s ] ��M
(�)-H�� t 5D39/�>C)-HU5�Mx8D395DXN3�/9,DA4`�3�74F�] � (./10  <;-398KF
A25!8D;-) �-`C3�,DA2z�3�5�] �?0U3 �-TC;-8D3�A47274;-5K,D8�(.,D3�5!,D0-3
(a`�3�8D(�TC3�MPz�A2)-A4zg;-zqMi(�)-HZz ( �"A2zg;-z 8D;U)-)-A2)UTq,DA2z�3�] N!743 (�8K74FCM AG,�A25JXN>C5D5KA2j-743g,�>cF�393�XQ,D0-3
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CDF of Correlation Coefficients between Flow Size and Flow Rate

The Simple Program
GridFTP+SCP
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CDF of Overhead for the Simple TCP Program and (GridFTP+SCP) 

The Simple Program
GridFTP+SCP
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CDF of R2 for a Simple Program and (SCP+GridFTP)

The Simple Program
SCP+GridFTP
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CDF of R2 for Different Distributions

normal
uniform
pareto
lognormal
exponential

4 B0S D#E " � ] � � ��e+� 4 9'; � 1 ;�9 E %L[ " N 9��<�v9iG M BPOQ@ E B0V D @RBP9iGLO ;�9 E * e+�z@ ! E 9 D S ! = D @ N ! < E < N �
@ " E B��.<A@RBP9iGt9iGZO " S�� " G�@ ".M @ E < N " O ];* !L" O\B�� " 9';d@ !L" %?K " B0O;� �0/ �dYU@ " O ] � @ !#" E I 9 H OQB�� " O
O ! 9 H OQB2�vB0Kj< E�E " O D KP@RO ]

! ] 3 9�@R9vOQ@ " =)-v<'G M E " = " <A@�<AV�9g[ " = E 9 N ".M DLE " T D G�@RBPK
<AK0K M <(@2<u=59iBPGf@\O{B0G�@ !L"�M <A@R<'O " @RO
< E "s"1� <��uBPG ".M^]

� " O " S�� " Gf@ ".M <'G M �v9 ML" K � %L@Q@ ".Mz" < N ! =?<(@ ! � I 9 H O\B�� " @ E < N " B0G ��B0O�@ E BPV D @\B09iG  " @

D O\BPGLS�@ ! BPO7<'KPSi9 E B,@ ! � ] � " @ !L" G N 9iGLOQB ML" E "kM @ !L" �
1 M B0O�@ E B0V D @\B09iG�;�9 E " < N ! 9'; I 9 H OQB�� " <'G M
<'G?<'K,YU@\B N <'K M B0O�@ E B0V D @\B09iG ]�* !#" e+� 4 O�9A;L@ !L" ['<AK D " O
9'; � 1 ;�9 E " < N !�I 9 H O\B�� " <'G M <'GL<'KPYf@RB N <'K
M B0O�@ E BPV D @\B09iG�< E " O ! 9 H GXB0G 4 B0S DLE " � ] � � ] � @yB0O N K " < E @ ! <A@�;�9 E @ !L" %L[ "uM B0O�@ E B0V D @\B09iG#O H�"

N 9��v=?< E ".M T�@ !L" GL9 E �u<'K M BPOQ@ E B0V D @RBP9iG�V " OQ@<%L@RO�@ !L" * e+� @ ! E 9 D S ! = D @ M <A@2< ] � 9 H�" [ " E T

@ ! E 9 D S ! = D @sB0O 3 5 3 � 0 $ 0 ) 5 35$ 3 � T5O\9�<uSiBP[ " G>GL9 E �u<'K M B0OQ@ E BPV D @RBP9iG ! 9iK M O�;�9 E 9iGLKPY:< = " E B09 M
9'; @RB2� " V " ;�9 E " B,@ N ! <'GLS " O @R9�<'G#9'@ !L" E 9iG "A]�* ! B0O�G#9iGLOQ@R<A@RBP9iG?< E Y V ".! <g[UBP9 E B0O E " �u< E 7 <AVLKPY
O\B2�vB0K0< E @R9`@ !L" ( " =�9 N ! <'K?V ".! <a[UB09 E =`=?<A@Q@ " E Gu9A;qK09i< M 9iG ! 9iOQ@\O7@ ! <A@ H�" 9'VLO " E [ "kM BPG " < E KPB " E
H 9 E 7 D ! � H ]



���������
	���
�������	����������������������
��������������� � � �G#

����� ����� ��� ������� ������� 
 � � �)� � ��
	� �

��<'O "kM 9iGx9 DLE O�@ D M Yx<AG M = E " [UBP9 D O E " O " < E\N ! T H�":! <g[ ":M#" [ " K09i= ".M <'G Mx" [A<'K D <A@ "kM � D �
<'K �
<A@ROkT`<�= E 9'@R9'@lYU= " E " <'Ks@\B2� ">* e+� @ ! E 9 D S ! = D @ = E "kM B N @RBP9iGoO " E [CB N " ;�9 E M B0O�@ E BPV D @ ".M

<'=L=LKPB N <(@RB09'GLO ] � D <'K2��<A@\Om< N @\BP[ " KPY�O " G M O�9 D @ M D <'K �
< N 7'" @RO�@R9�V " G N ! �u< E 7 <�=?<A@ !^]D� @
< D @R9�� <A@\B N <'K0K,Yv< M � D O�@RO{BP@\O E <A@ " @\9 N <'=#@ DLE " @ !L"  5 � 9iGm@ !#" =L<A@ ! <'G M @ !L" E " ;�9 E " @R9��vB0G �
B2�vB�� " B0G�@ E\D OQBP[ " G " OQO H BP@ ! 9 D @�K09iOQB0GLSuOR<��v=LK0BPGLSu< N.NkDLE < N Y ] * !L" V " G N ! � < E 7 B0GLS1@ " N ! G#B @ D "
B0O ML" O N.E B0V ".M B0G  " N @RBP9iG � ] - ]

� D <'K �
<A@RO�BPO M B � " E " Gf@s; E 9�� <'K0K @ !#" = E " [CBP9 D Os<a[A<'BPKj<'VLK " VL<'G M#H B M @ !t" OQ@RB�� <(@RB09'G:@R9U9iKPO
O DLN ! <'O���<(@ !?| 9�< M D9� ��� H ]!4 B E OQ@.T7B0GLO�@ " < M 9A; " OQ@\B2�u<A@RBPGLS NkDLE\E " G�@u<g[A<'BPKj<'V#K " V?<'G M#H B M @ ! T
� D <'K �
<A@RO�= E ".M B N @\O * e+� @ ! E 9 D S ! = D @ B0Gn@ !L" G "�� @:O ! 9 E @>= " E B09 M 9';�@RB�� "A]  " N 9'G M KPY'T
� D <'K �
<A@RO �u9'GLBP@\9 E Od@ !L" =?<(@ ! O <AG M @ ! D O N <AG E " @ DLE G�<W= E ".M B N @\B09iGmB�� � ".M Bj<A@ " KPY ]�� @ @2< 7A" O
� D <'K �
<A@RO7K " OQO�@ ! <'G0� �uO7@R9`SiB,[ " <s= E "kM B N @RBP9iG�9iGv< � " G�@RB D � � � � �u< N ! BPG " T H{! BPK " B,@7@2< 7A" O
��<A@ !?| 9�< M @ " G#O
9';CO " N 9iG M O
@\9 M 9�9iG "�" OQ@RB�� <(@RB09'G�;�9 E <�=L<A@ !q] � D <'K2��<A@\O M 9iGqb @�O " G M = E 9iV " O

D =�9'G%<m= E ".M B N @RBP9iG E " @ D " O�@aT�BPGLOQ@ " < M B,@ �u9iG#BP@R9 E O�@ !L" =?<A@ ! <'G M O " G M O�9 D @ M D <'K �
< N 7'" @RO
< N.N 9 E M BPGLS @R9 @ !#"�M YCGL<��uB N OR<��v=LKPB0GLS E <A@ " < M � D OQ@ � " Gf@�<'KPSi9 E BP@ ! � <AO M#" O NkE BPV "kM V " K09 H`]

�� ��  $# 	 � �$�>(+- � ��� &��
� ( � ���
� (
� D <'K �
<A@RO N 9iGLOQB0OQ@\O{9';
@ H 9 N 9��v=�9'G " G�@ROkT < G " @ H 9 E 7 O " GLOQ9 E <'G M < * e+��@ ! E 9 D S ! = D @�= E " �
M B N @R9 E ]

4 B0S DLE " � ] � - B0KPK D O�@ E <(@ " O5@ !L" @ H 9 N 9��v=�9iG " G�@RO <'G M @ !L" B EqE " Kj<A@\B09iGLO ! B0= H BP@ ! <'=#=LK0B N <A@\B09iGLO
<'G M @ !L" D G M#" E K,YUB0GLS�9i= " E <A@RBPGLS OQYUOQ@ " � ]�* !L"�H{! 9iK " O�YCO�@ " � H 9 E 7 O�<A@�<'=#=LK0B N <A@\B09iG1K " [ " K ]

* !#" G " @ H 9 E 7 O " GLO\9 E O " G M O�9 D @ M D <AK ��< N 7'" @\O�<A@W< O " KP; ��< M � D OQ@\B0GLS E <(@ " <AO ML" O N.E B0V ".M
B0G= " N @\B09iG=� ] � ] � ] � @ E " N 9 E M O�@ !L" O\B�� " O`<'G M @ E <'GLO�; " E @\B2� " O�9A; " < N ! = E 9iV " B0G " < N !ZM D <'K �
��< N 7A" @ ] �n!#" G"�v9iGLB,@R9 E B0GLS�
 M B � " E " Gf@ * e+� N 9'GLG " N @RBP9iGLO.T�
 O " E B " Oy9';�= E 9'V " E " N 9 E M O

< E " �u<'B0G�@2<AB0G "kMq]



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


* !#"'* e+�p@ ! E 9 D S ! = D @�= E ".M B N @\9 E B0G�@ " E ;8< N " O H B,@ ! V�9'@ ! @ !L" G " @ H 9 E 7 O " G#O\9 E <'G M <'=��
=LK0B N <A@\B09iGLO ]$�n!L" G " [ " E <'G <'=L=LKPB N <A@RBP9iGuG ".".M O <W= E ".M B N @RBP9iGqTfBP@�O " G M O < @ D " E Yv@R9�@ !L" * e+�
@ ! E 9 D S ! = D @�= E "kM B N @R9 E T?<'G M @ !L" = E ".M B N @\9 E "��C" NkD @ " O�@ !L" ;�9iK0KP9 H BPGLS5�

� ] ��< E O " @ !#"<@ D " E Y>; E 9�� @ !L" <'=L=LKPB N <A@RBP9iGt<'G M S " @`=?< E <�� " @ " E OsB0G N K D M B0GLS1@ !L" ML" OQ@RB �
G?<A@\B09iG�<'G M %?K " O\B�� "']

� ] 4?" @ N ! @ !#" M D <'K2��< N 7A" @ M <A@2<mO " E B " Os;�9 E @ !L" ML" O�@RBPG?<A@RBP9iGt; E 9�� D G ML" E K,YCBPGLSmG " @ H 9 E 7
O " GLO\9 E ] � ;
GL9vO " E B " O "�� B0O�@RO.T < = E 9iVLBPGLS�= E 9 N " O\O{;�9 E @ !L"`ML" OQ@\B0G?<A@\B09iG�BPO OQ@2< E @ "kMq]

- ] 
 =L=#KPYZ<m= E ".M B N @RBP9iG=�u9 ML" K TqO DLN ! <'O �v9g[CBPGLS�<a[ " E <'S " 9 E � � / 
 Tq@\9:= E ".M B N @`@ !L"

N.DLEQE " Gf@�@ E <'GLO�; " E @RB�� " O�;�9 E " < N ! 9';�@ !L" @ H 9u= E 9iV " O{B0Gm@ !L"`M D <'K2��< N 7A" @ ]

F ] 4 BP@d<`K0BPG " < E7N.DLE [ " <'O ML" O NkE B0V ".M B0G ��@ D <(@RB09'G�� ] ��<'G M N <'K NkD Kj<(@ " @ !L" * e+�%@ ! E 9 D S ! �
= D @
;�9 E @ !L" SiB,[ " G %?K " O\B�� " D O\B0G#S � @ D <A@RBP9iG;� ] � ] � � =#@RBP9iG?<'KPKPY'T N 9��v= D @ " < N 9'G % ML" G N "
B0G�@ " E [A<'K D O\B0G#SvG#9 E �u<'K0B,@lY1<AO\O D �u=#@\B09iG#O ��]

� ]
��" @ DLE Gv@ !L"�" OQ@\B2�u<A@ "kM * e+�%@ ! E 9 D S ! = D @�;�9 E @ !L" @ E <AGLOQ; " E @\B2� " @R9`@ !L" <'=L=#K0B N <A@RBP9iG ]

� " @ " OQ@ "kM O " [ " E <AKd= E ".M B N @\B09iG)�v9 ML" KPO�;�9 E OQ@ " =!-#T�B0G N K D M B0GLS B0G�@ " E [A<'K �l< H < E " �v9 [UBPGLS
<g[ " E <'S " � � 
 / 
 � T "1� =�9iG " G�@RB0<'K H�" B0S ! @ ".M �u9g[UB0GLS�<a[ " E <AS " � � � / 
 � <'G M OQB2�v=LKPY D O\BPGLS
@ !L" K0<'OQ@u[A<'K D "A] 
 G � 
 / 
 B0OuO\B��uBPKj< E @\9�<"�u9g[UB0G#S�<a[ " E <'S ">"1� N " =C@�@ ! <A@u@ !L" � 
 / 


N 9��v= D @ " O�BP@RO�<a[ " E <'S " 9g[ " E 9iGLK,Ys= E " [UB09 D O
= E 9iV " [A<'K D " O H BP@ ! @ !L" O\<�� " O\<��u=#K0B0G#S B0G�@ " E [A<'K ]
� 
 / 
�H BP@ !�H BPG M 9 H O\B�� " ��� H 9 E 7 O
V " O�@�9'GW<a[ " E <'S " B0G`9 D#E "1� = " E B2� " G�@\O ]$� " V " K0B " [ " @ ! <A@
@ ! BPO�B0O�O\9 V " N < D O "�M DLE BPGLS " < N !  5 � TU@ !L"�" G M � @\9?� " G M�* e+��@ ! E 9 D S ! = D @ B0O�V " OQ@	�v9 M#" K "kM
H BP@ ! < GL9 E � <AK M BPOQ@ E B0V D @RB09'G ] 4 9 E < GL9 E � <AK M BPOQ@ E B0V D @RB09'G H BP@ ! GL9�O " E B0<'K N 9 E\E " Kj<(@RB09'GqTC@ !L"
� " <'G�B0O�@ !#" V " O�@�= E "kM B N @R9 E =59iO\OQB0VLK " T?<'G M0� 
 / 
 " OQ@\B2�u<A@ " O�@ ! BPO ]



���������
	���
�������	����������������������
��������������� � ��-��

NICOS kernel

Network Sensor

TCP throughput predictor

Applications
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struct
 ParallelTCPChar
 {

int
 num_flows
 ;

double 
max_nondisruptive_thru
 ;

double 
 cross_traffic_impact
 ; 


};

ParallelTCPChar
 *

TameParallelTCP(Address
 dest
, 


double  
maximpact
 );
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/ ���#JiE:A�C83�-�,.E+*TC8-%,[JiB%6:A�N�E � *�BK3bV!-DC[C8-%,D1 ��E�`#-hU+-D,%Y�C835- / ���rJOCK67C.&;JOC8&;BDJi67,.-�>@E:,0C.3�-
6:(+(+,[-%(H67C.-kC.,867�zB�BD,.E+J[J.&;A5(�6m&;AHC8-D,[> 6:BD-�E+A�C835-�,.E+*TC8-%,�`�3�&;9)-i&)C�&;J=`#-D9;9 � 7]A�E�`�A�C83M67CA*=< �
3M6:J�6=V�& 6:J'6:(H6:&)A�J[C
9;E:A�(�,[E+*�A�N�C.,.&;S0C8& � -?B%E+A5A�-%BhC8&;E:A�J �9��|�- � � C835-�6:S�S5,.EH6:BK3R&)J
C.32*5J�9;& � &\C8-%N
C8ERC83�E:J.-ISM67C.3�J4`�3�-%,[-IC.3�-IVZE7C.C89)-%A�-DB 7m,.E:*5C8-D,=&)J�*�J[&;A�(zG�� � 1 � C�&)J�6:9;J[ERA�-%BD-%J[J86:,OW�&)AmC83�&)J
6:A�NyJ[& � &;9;6:,�6:S�S5,.EH6:BK35-%JlC.EkN5-DC8-D, � &;A�-�C835-�V!E:C.C.9;-DA�-%B 7R,[E+*5C8-D,lE:A�C835-�-DA�N � C.E � -DA�NyS�67C83 � 6
N�&)�zB%*59)C�S�,[E+V�9;- � �46:A5N�3M6XU:-  � /
� 6:B%BD-%J[J�C8Ez&)C � ,86:,[-%9)Wm6XU:67&;9 67V�9;-�C.ETN�6�W � 1���U+-DA�&)>�C83�&)J
&;J�S!E+J.J[&;V�9)-:Y+`�&\C83^B%*�,[,.-DA]C � ETN5-%9;J�>@E+,�SM6:,.6:9;9)-%9�*=< � `l-�`lE+*�9)N^3M6XU+-4C8E 7]A�E�`dC.3�-49;E+J[J�,867C.-
�	� q �ht�67N�N�&;A5(0&)A � SM67,86:9)9;-%9 *=< �b} E�`�J%1���E�`l-DU:-%,%YT-DU:-%Ay`�&\C83^C83�-4C8E2E+9)J�9;&277-4`#-DV � ��� � � � 
 � Y
`#-0BX6:A5A�E:C�E+V5C86:&;A�C.3�&;J4,.67C8-IVHW�J.& � S59)W � -%6:J.*�,[&;A�(RC.3�-IA�-DC `lE+, 7_1
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� ��-�S�,.-DN�&;BhClC.3�,.E:*�(+3�S�*TC#>@E+,�
huQq@s0BDE+A�(+-DJ[C.-%N�6:A5Nm*�A�BDE+A�(+-DJ[C8-DN�SM67C.3�J�6:J#60>@*�A5BDC8&)E+A
E:>�C83�-I9;-hU+-D9�E:>'S�6:,86:9)9;-D9;&;J � 1

� ��-�-%JOC8& � 67C.-zC.3�-y& � SM67BDCkE:>4SM6:,.6:9;9)-%9 *=< � E+AbBD,.E+J[JiC8,.67�zBm6:Ji6�>@*�A�BhC8&;E:A�E:>4C.3�-
9;-hU+-%9�E7>'SM67,86:9)9;-%9)&;J � 1

� ��-IN�E^J[E�*�J[&;A�(^E+A59)W�6^J � 6:9)9�A]* � V!-%,�E:>
S�,.E:VZ-DJ�67A�N�A5E�67N�N�&)C.&;E+A�6:9ZC.ETE+9)J%1

� C�&;J#`�&)N�-%9\W�V!-%9)&;-hU+-%NmC.3M67C%Y5*�A�N5-%,4B%E:A�(+-%JOC8-DNjJ[&)C.*M67C8&)E+A�JDY5SM6:,.6:9;9)-%9 *=< �e} E�`�J�67BK3�&;-hU+-
VZ-hC.C8-D,iS!-%,O>@E+, � 6:A�BD-�VHWf- � -%BhC8&)U:-%9\W V!-%3�6�U2&)A�(�*�A5> 67&;,.9\W+Y"J[C.-X6:9)&;A�(jVM6:A5N5`�&;N5C.3�>@,.E � B%,.E:J.J
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Bottleneck Link
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4'&;(+*5,.-�/T1 � �  & � *�9;67C8&)E+A *�E+SZE:9;E+(:W:1 <#,.E:J.J�C8,.67�zBf(:ET-DJm>@,.E � A5ETN�- � � C.E � � Y=`�3�&;9)-
SM6:,8679;9;-D9 *=< � } E�`�Ji(+Ej>@,.E � A�E2N�- � � C8E � � 1j<#,.E:J.JkC.,867�zBy6:A�N�S�6:,86:9)9;-D9 *=< � J�J.3M67,.-
C83�-�J86 � -�V!E:C.C.9;-DA�-%B 7^9;&)A57 ����1 ��6:BK3mJ[& � *�9;67C8&)E+A^9 6:JOC8J � ��� J.-%BDE+A�N�Jl`�&)C83y&;A�N�&\U2&;N�*M679 *=< �
B%,.E:J.J#C.,867�zB } E�`�J�J[C86:,[C.&;A�(k,86:A�N5E � 9\WRN�*�,[&;A�(0C83�- % ,.JOC | J.-%BDE+A�N�JDYM6:A�Nm6:9;9MSM67,86:9)9;-%9 *=< � J
J[CK67,[C8&)A�(^J.& � *�9)C86:A�-DE+*�J.9\Wm6QC4C8& � - � � J[-%B:1

C8,86Q��B71 *43�&)Jm3M6:J�S�,.E � S5C.-%N�J[E � -P,.-%J[-X6:,[BK3�-%,[JmC8EbS5,.E+S!E+J.- � E2N�&)> W2&)A�(!*=< � &;AdE+,.N�-D,
C8E � 6�77-�&)C�V!-DC.C.-%,�J.*5&)C8-DN�>@E:,jS�6:,86:9)9;-D9�C8,.6:A�JO>@-%,.JjVHW B%E:A�J.&)N�-%,[&;A�(eVZE7C83~-D�zB%&)-%A�BhWg6:A�N
> 6:&;,[A�-%J[J �9� ��
 Y ��� � � 1 � - V!-%9)&;-DU:- &\C�`�&;9;9�VZ-fN�&)�zBD*�9)C�C8EeS!-%,.J[*M6:N�- SZ-DE+S�9)-�C.E � ETN5&)> W
C83�-D&;, *=< � & � S59;- � -%AHC867C8&)E+A�J � *5J[C�C8E *5J.-�SM6:,.6:9;9)-%9 *=< � � E:,.-�> 6:&),.9)W:1 �lW�,[-%9)W2&)A�( E+A

E+*�,=S�,.-DN�&;BhC8&;E:A�C8E2E+9)J%Y!6�*�J[-%,�E:,�6:N � &)A�&;JOC8,86QC8E+,4J[3�E+*�9)N�VZ-k6:V�9)-0C.EyC8,.6:N�-0E � 6zC8,.6:A�JO>@-%, � J
C83�,[E+*�(+3�S5*5Ck6:A�N�&)C.J�N�-%(+,[-%-zE:>l& � SM6:BDC�E+A BD,.E+J[J�C8,86Q��B7Y�6:BK3�&;-hU2&;A�(�`�3M67CI`l-�,[-D>@-D,IC.Ej6:J
C83�- �������	�Rv � ��u
�!{����ht v�x!q���
���q s2t8uQv+wQs�x!v2q ��� �yn��Q1E
�9)9�C83�-DJ.-L67,.-�67Cm67S�S�9;&)BX67C.&;E+A 9)-DU+-D9
`�&)C835E+*5C�,.- @]*�&;,[&;A�( � ETN�& % BX6QC8&;E:A�JlC.EzS5,.- � -��T&;JOC8&)A�(�*=< � & � S�9;- � -DA]C867C8&)E+A�JD1
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� A�C.3�&;J4J[-%BhC8&;E:AFY5`l-0*5J.-IJ.&���*�9 6QC8&;E:AyC8ER*�A5N�-%,[J[CK67A�N�C.3�-�VZ-D3M6XU2&;E+,4E:>
SM6:,.6:9;9)-%9��=<��d*�A�N5-%,
N�&��Z-%,[-%AHC�J.BD-%AM6:,[&;E+JD1��ME+,�6:9)9�E+*�,�J[&���*59 67C.&;E+A�� VM6:J[-%NdJOC8*�N5&;-%J�`l- �y6"!7-L*�J.-�E:>0C835-fA5J$#
A�-DC `lE+,%!�J[&���*59 67C.E+, �'& � 1
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� A 6LJ[&���*�9;67C8&)E+A�JOC8*�NTW E+Ae6:(+(+,[-%(H6QC8- �=<�� C.3�,.E+*5(+3�S�*5C^E:A 6LV!E:C.C.9;-DA�-%B$! 9;&;A !!Y� �&;* -hC
6:9 1 �!��|#"�� N5-DU+-D9;E+S!-%N�6�J.&���S59;-�W+-hC�,.-%6:9;&)J[C.&;B�C8E:SZE+9)E+(:W ��E2N�-%9�>@E+,4`�&)N�- � 6:,.-%6
� AHC8-D,.A�-hC�B%E:A��
A�-%BhC8&;E:A�J�VM6:J[-%N�E+AyC.3�- � AHC8-D,.A�-hC�3�&;-D,86:,[BK3�&;B%6:9�,[E+*5C.&;A�(kJ[C8,[*�BDC.*�,.-%$ �'&;(:*�,.-�/T1 #'&h1�( -�6:N�E:S5C
C83�&)JkJ.6"��-^C8E:SZE+9)E+(:W�>@E:,kE+*5,kJ[&���*�9;67C8&)E+A�JD1 ��6:BK3bJ.&���*�9;67C8&)E+A�&;J �*)#) J.-%BDE+A�N�Ji9;E+A�(5Y�`�&\C83
B%,.E:J.J�C.,867�zBi,.6:A�N�E"��9\W�J[C86:,[C.&;A�(�N�*�,.&)A�(�C.3�-,+�,.J[C | J[-%B%E:A�N�JI6:A�N�SM6:,.6:9;9)-%9 �=<�� } E�`�J�6:9;9
J[CK67,[C8&)A�(�67C �-) J.-%BDE+A�N�J0&;AHC.EmC83�-RJ[&���*�9;67C8&)E+AF10<#,[E+J.J�C.,867�zBR(+E2-%J�>@,[E � � � C8E � & YF`�3�&;9)-
SM6:,8679;9;-D9 �=<�� } E�`�J�(+Em>@,.E"� � #�C8E � � 1 �43�-RV!E:C[C89;-DA�-%B$!�9;&)A !�&;J�. " 1�( -R- �zS�9;E�W �=<��
G=-DA�E � | / � >@E+,kV!E:C.3bB%,[E+J.JiC.,867�zBy6:A�NbSM67,86:9)9;-%9��=<�� } E�`�J%Y�67JkC835&;Ji&)JkC.3�- �zE+J[C0`�&;N5-%9)W
N�-%S�9)E�W+-%N �=<��LBDE+A�(+-DJ[C8&)E+A�BDE+AHC8,.E:956:9)(+E+,[&)C83 ��1 � A�6:N�N�&\C8&;E:AFY7BDE �zSM6:,867V�9;-�,.-DJ.*�9\C8J�`#-D,.-�E+V �
CK6:&)A�-%N�*5J.&;A5( �=<�� �
6:3�E2-:1 �#E:C.30/�,.E:S �'67&;9
6:A�N�G=6:A�N�E � ��6:,[9)W1/�-DC8-DBDC.&;E+A2$ G �3/4& �65 # �
7 *5-%*�- ��6:AM6:(:- �z-%AHC�S!E+9;&)B%&)-%J=6:,.-iJ[C8*5N�&;-DN�6:J�C.3�-DW�6:,.-0C83�- �zE+JOC�B%E"�
�zE+A�9\W�*�J.-DN 7 *5-%*�-
�y6:A�6:(+- �z-%AHC�SZE:9;&;BD&;-DJ�E+A�C83�- � A]C.-%,[A�-DC%14/�,.E+S �
6:&)9
67A�NLG��8/ 3�6�U:-�J.&���&)9 6:,4S!-%,O>@E+,%��6:A�BD-
&;A ��E:J[C=E+*�,�J.&���*�9;67C8&)E+A�J%1��435-k-:95BD-%S5C.&;E+A�&;J�&;A<;TBD-%AM67,.&;E � 1�=�-D,.-:YM`�3�-DAPC835-%,.-06:,[- �zE+,[-
C83M6:A �-) B%,[E+J.J�C.,867�zB } E�`�JDY�C83�-�B%,.E:J.J#C.,867�zB�N�E"��&)AM67C8-DJlC.3�- 7 *�-%*5-I6:A�N�J[C86:,[U:-%J�C.3�-�SM6:, �
6:9;9)-%9 �=<�� } E�`�J�*5A�N�-%,=C83�-,/�,.E:S �'67&;9�S!E+9;&)BDW+1�>�A59;-%J[J�E:C.3�-%,O`�&;J[-kA�E7C8-%N�Y!`l-iJ[3�E�` ,.-%J[*�9)C.J
>@E+,�C83�-?/�,[E+S �
6:&;9ZSZE+9)&;BhW+1

( -�*�J.- �=<�� } E�`�Jz6:J^BD,.E+J[J^C.,867�zB�V!-%B%6:*�J.-�E:> �=<�� � JzN�E �z&;A�6:A�B%-y&;AbC835-jBD*�,.,[-%AHC
� A]C.-%,[A�-DC%Y_6:J�,.-%S!E+,OC8-%N�&)AmC83�-�C.3�-�`#E:,%!mVHW@;��z&)C.3�-DC=6:9 1 � # )#" � Y�&)Am`�3�&;BK3 �=<�� 6:BDB%E+*5A]C.-%N
>@E+, 5#) � 5A�CB E7>TC.3�-�SM6:B$!:-hC8J'6:A�Nk6:VZE:*5C 5#) � 5#��B E7>TC.3�-�V]W]C.-%J"C8,867A�J[>@-D,.,.-DNi&)AIC.,86:BD-%J"B%E:9;9;-DBDC.-%N
&;A �*5#5#5 � # )#)') >@,.E � 6z-DN�*�B%67C8&)E+AM6:9F&)A�J[C.&)C.*5C8&)E+AD$E>���<�&46:A�N�6R,.-DJ.-X67,.BK3�9;6:VF$ �
.HG ��G
&h1

( -k6:AM6:9\W �D-��
6:,8679;9;-D9 �=<���C83�,[E+*�(+35S�*5C=*�A�N�-D,�6RU76:,.&)-DC W�E:>',.-DS�,.-DJ.-%AHC867C8&\U+-�J[B%-%A�6:,.&)E+J
&;A�BD9;*�N�&)A�(�6�C W2S�&;B%6:9#J[9;E�` B%E+A5A�-%BhC8&;E:AbJ.*�BK3e6:JkBX6:V59;-yE:,I/4;A.J$�;2B%-%A�6:,.&)E � & Y�6PB%E+6:J[C � C8E �
B%EH6:JOC�3�&)(+3�� J.S!-%-%N � AHC8-%,[A�-DC�B%E+A�A5-%BDC.&;E+AK$�;TBD-%AM6:,[&;E ##&�67A�NR6�BD*�,.,[-%AHC�$E;TB%-DAM6:,.&)E " &"6:A�NiA�-L92C
(+-%A�-D,867C.&;E+AL(:9;E+VM679 � J[BX6:9)- � A]C.-%,[A�-DC0B%E:A�A�-%BhC8&)E+A�J%$�;2B%-%A�6:,.&)E $ &h1 ��`#Ej6:N5N�&)C.&;E+AM679
J[B%-%A�6:,.&)E+J
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�'&;(+*5,.-�/T1 "NM ��67A�N5`�&;NTC83m67A�Ny9;67C8-DA�BDWRBDE+AA+M(:*�,867C.&;E+A^>@E+,?N�&��Z-%,[-%AHC?J.BD-%AM6:,[&;E+JD1��43�-�9;67C8-DA�BDW
>@E+,�O � 67A�NPO � &)J +A9T-%N�67C $ �z&;9;9)&;J[-%B%E:A�N�J%YH`�3�&)9;-�C.3�-�9 6QC8-%A5BDWy>@E:,�O � 6:A5NPO ! &;J�+A9T-%N�67C &
��&)9;9;&)J.-DB%E+A�N5J%1 �43�-�V�* �Z-%,#J.&��D-�E+Ay-X6:BK3�A�E2N�-�&;J3+A9T-%N�67C # & SM6:B$!7-DC.J%1 �#E:C.3K/�,.E+S �'6:&)9!6:A�N
G �3/ 7 *5-%*�- �y67AM6:(+- ��-DA]C�S!E+9)&;B%&)-%J467,.-�J.&���*�9;67C8-DNF1

$�;TBD-%AM6:,[&;E+J & 6:A�N � &�6:,[-i*�J[-%NLC8Em,[-%S�,[-%J[-%AHCIBX6:J[-%J�`�3�-D,.-iC.3�- �=<��~V�* �Z-%,�3�6:J�A�E:C�VZ-D-%A
6:S�S�,[E+S�,.&;67C8-D9)W�C8*�A�-DN � # � / � 1 �'&)(+*�,.-0/21 " J.* ����6:,.&��%-%J�C.3�-IN�&��Z-%,[-%AHC=J.&���*�9 6QC8&;E:AmJ.BD-%AM6:,[&;E+JD1
�_E:,#-X67BK3�J.B%-DAM6:,[&;E�Y2`#-�J[&���*59 67C.-=>@,[E � � C8E "A� SM6:,.6:9;9)-%9 �=<�� } E�`�J#`�&\C83 & Y �*) Y � & Y # ) Y # &
6:A�N "#) ,86:A�N5E � �=<���BD,.E+J[J=C.,867�zB } E�`�J%1
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 �! ����	"� ��$  � ������#�����%�4 $ � �/��	 ! &���	
��	"������4 $ ��	��  �! ����	"� ! ��#�* ��$ �
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�g	 � 1 � � -C. � # M 7 � � ��� 	9����� � � 2*	 �;� 	�� � � �<� � � ; �)�Z� 	 &(� 	 � & 
J� � � �������9� � � � 4 � �@� � � 1 � ��� 1 � .
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�g	 � 1 � � -�. �=�NM 7 � � ��� 	9��� � � �;2�	 �6� 	9� � � �5� � � 
J� � � �������9� � � � 4 � � � � � 1 � �*� 1 �"��&"� 
 1 ���6� 	9� � ��

� 1 � # � � ��
g� �������9� � � � 4 � cT� !M& .

W 1 � � � �;2�	 �6� � � 	 &B� � ����� 	%��� �%$ 	 ��& � ��& 	 � 	9��� � � � ���W� ���5� 	 � 1 �����,� �;��� � ��
F� ���<����� � � 	 & � 
J� �
� ��� � � � # � & . �g	 � 1 � � -�. �*" & ��� !M&Y� ��� �U� ���H� � ����� 	%���F� �5� � � 
J� � � 1 � � � � 2�	 �;� � � 1 & 	 �*� $ �	� Q�& S
$ � �-�-) & ��� 2F$ � � � & &d� �������9� � � � � � # � & . (G� � ����& �;� � � �Z�N! �"� #*�)� 	 �B& 	��,	 ����� �3� � 
J� � � ����� ��	 �
����� �=��& � & . Wb
 � � 1 �5& � S 	 � 	 & 	��U��� �5�������"� � �"� � 1 & ��� ���<����� � � 	 & � � �;��� ��&�� � ��� ��� � � ��� �;� � & �
� � � � � ��� � $ & 1 � � ��& $ � � #'& & S ��&�& 1 � �D� � � # � &���� �U��� �5$G& � ��& 	 � 	9��� � � & � ����� c 1 �;� 1 ��� 	9� ��& 	 �
� ��� � � �>! � � !�� �:� �*� �:9C	 &5� 	 �����;� � &5&Y�<�����,� .

G & 	 �N�=����# � & � � � 
 � � � �g	 � 1 � � -C. � � S�� ��� �,� ���B� � ����� 	%���X� �<� � � 
J� �N�L� 	%��� ��� 1 � # � � ��

� ��������� � � � 4 �_c�� !M& 	 &�� � �F� � � �Z� � 2 � � � ��� � 1 � # � � ��
�� ���<����� � � � 4 �icT� !M& . �@�*� + � 1 � � S
�^&5�=���5� � � � � � � ��
 � ��� �,� ���P� � � �Z� 	9����� �5� � � $ ��� � � &<&F����� �A� � ��� � & &X��� �<& 1 & � ��� � 1 � # � � ��

� ��������� � � � 4 �RcT� !M& S�& ��� !M&�� � �;� � ���M�<� � � 2 . �@��� � � �5� � ����� 	9� �^� ��� �,� 	9� ��� � # � �>! �;� �W� ���
�U� ���^� � ����� 	%���"� � � 2�	 �;� 	�� � � �5� � �M��� 2 � ��� � 1 � # � � ��
 � ��������� � � � 4 � c�� !M& 	 &�� )�� ��.

W 1 � �L9C��� � 	��,� ���)��� � � & 1 �9��& � � ��� & ��� !M� �*� !FS 1 & 	 ���^� �����U��2�� � 2�� � 	9���;28	 �j� �*	 &F& � � �
� 	�� �eS � � � � ��� � �0� �;� 	%��� �9$ � � �;2�	 �6�b� ��� � � � � 1 � ��� 1 � ��
 � �������9� � � � 4 � 
J� �X�,! 	92�� �<����� � ��

� ��������� � � 	 & � � � �9$ 	 ��� � �*�9$ � �B�>! � ���;� 	9����� � � # � &@��� 2*	��3� � � ���:� �6��� ��& ��
 � �������9� � � 	 & � . � � � ���

J� ��� � ! 	 ���@! � ���($ � �b� &5� 	�� �Z� � � ����� �3� �;� ��
T� ���<����� � � � 4 �j	 � � �����L9C	 &(� 	 ���b�;� � &5& ���<���,� 
J� � �
� 	9��� ��� �6��� � ��
�� ��������� � � 	 & � S=� ��� ����&5��� ��	�� � �	� � � � � &<&<���5$f� ��� � !�� � ����

����������������������
��������
�=���9� �3� &<& 	 #�� � .
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�@��� � � ��� � �f� 1 � # � � ��
 � � ��& 	�2�� ����#*� � � � ���9� � ��� � &:! �*� �^���5$ 	 ���f� ��� &(� 	�� ��� � � ���F� �0� �;� � �
� � � &<&M�������U��! 	 � � ��� � ��� 	 � � &($�&5� � � � 1 ��� 	 ��� � ��� �*� � � 2'����	 �
�<& M

��. �@��� � � � 	 � ��#�� � #T��� 2 ! 	92 � �H� �^� ��� # � �<�<� � � � � ! � 	 � ! $ & &N	 & 1 � ! � � !M� .

# . �@��� � 1 � # � � ��
 � � � &<&F���<���,� cT� !M&���� 2 � �*� 	 �F� � &<&F���Z� � & ��� 2 #T��� 2 ! 	�2 � � & � �a� ���
# � �<��� � � � � ! � 	 � ! $ & &�$ � �*� � �0� � � 2 � � � 2 & ��� � 1 � ! � � !M� .

"*. V � !
	 �*� 1 & �:��
 ���L� 2�2�	 � 	�� �T����� � �>! � � !��,� ��& 1 � � �U� ���g� ��� � $ & 1 � � ��& � ��� � � � � 2�� � # # � &
� ��2*� � � � �,	 � � � ��� � 1 �5� � ��� � � � 2L� �L� ���N� ��� �L	 & � � � #�� � � ��� 	 ��& 	 ��� �:	 � �=�����)� !�� �b� � ���
� 	��U� � � � � � ��� �<� � . � ��� 2*2�	 � 	�� �eS=� ��� �U� ��& 1 � � �,� ���g��� � 1 �����;$F�=����� � �l# � � 1 �������
� � �;2 .
W � � ! � 1 � 2 � 	�!�� � � � ����	92 ����$�� 2*2�	 � 	�� �T��� �+��� � �*� � 2 # � $ � � 2 � ��� � � 7 1 	 � �;2 �>! � ���6� 	9���
� � � # � &Y� � � � &<&<���5$^� ��� � � 2�	 �;�M� �*� � � � � 1 � ��� 1 � ��
g� �������9� � � � 4 � cT� !M& .

� �P! � �Z� 
J� ��� � !M&;S3! � � � !�� & 	��U� � 	9
 $ 	 ��� ��&5& 1 �,� � 	�� ��&���# � 1 ��� �*� � � � &<&����<���,� � & �C	9� !
��
 � ��� & � ��� � 2 � 	 � ! & � ��� �*�Y� ��� �,	 � � � 2*� � � �F� � � ��	92�� ��� � &5� 	�� �Z� �@��
0	��,� ���;� � �,� ��� � � � &<&
�������U� 
 � � � � �*� &�� �,� �>! ��� � � # � & 
 � � � ! ��	 � � ! ��2�� � 	%��� 2 � ��� � � � � 1 � ��� 1 �@� 1 � ���F	 �B� ���
� � �6�C	9� 1 &M& � �;� 	�� � .

����
��
	 � �����=S � �����
(G� ��&<& 1 �,� � � ��������� � 4 � � � ��� � �;� 	�� ��&;S 	 ��� � 1 2�	 ��� � 1 � � ���<����� � � � 4 �8cT� !M&���� 2 � ��� � � � &<&
�������U��S
& � ��� � � ��� &�� �U� � � &<& �<��� �M� �,�"# � �<��� � � � � ! � 	 � ! . �@��	 & ��&<& 1 �,� � 	9� � 	 & � ��� 	92 ��& � � ���
��& � � �F��
 � ��� �>! �,
J� �9� � ! 	 �*��� � � 2�	 � 	�� ��&N�=���H# � &<��� 	 & +T�;2 M

��. �@��� � � � &<&��<�����,� � ��&F���j7 � � & 	��U	 � ���@� ��� 1 � � �������9� � � � 4 � cT� !M& . � �W� � ���"� ��& � S
�����g� � ��� � �;� 	�� �*&L��� �f��� �($\� 	�!�� �%$W� �H� � ��� � ���;	 �F� � ��� � &(� 	9� �\! 	 � 2�� ! &($C�*� � � � � 	
� �;2 S
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��� 2 � � 1 & & � ��� � � ��� &�� �,� � � &5& �<��� � . �@��	 & 
 ���;� � ��& # �;� � 	 � 2��;�3� � 2�� ���<�9$ ��� � 	 +T� 2
#�$ � � �*� �M� � & � ���<� � ��� � 1 � & � # )A� S � Q " S � Q � �/.

# . �@��� � � 1 � � � � ��� ��� # � �<��� � � � � ! � 	 � !L	 & 1 & 	 �*�L7Y��� 2��"� �d���<�9$ /�� � � �;� 	�� � $ 7
� /4& � 5 # �
��& 	 ��&87 1 � 1 � � ������� � �,� ��� �3� � 	 �6$�S
& �"�U� � ��	 ��� � � ��� 	 &�# � � � �,	 ��� 	 ���;� � ��& 	 �����9$�� � � �
�U� � . 7 � & � ���<� �L� ��& 2�� �,� ��&(�����Z� � 2 � � ���A! 	 � � 7
� / S 2�	 �0� � � ��� cT� !M&l� � 1 � � �9$ �L9C��� � 	 �
� ��� � � ��� &<� �U� � � &5& ����� �?$ � ��� 7 � / ���Z� � S�! �*	 � ��2�� ��� � 2 & � �f� ��� 7 1 � 1 �M� �;� 1 � �����;$ &
1 � 2�� �M&5� � � 2 $^&(�)��� ��� 5 # S � Q � �/.

W 1 ��� ��� � � ��� � � �B2�� � � � �,	 � 	 ����� ���L� �3� �;� ��
 � ���<����� � � � 4 �i� �'� � � &<&b�<�����,� 	 &b#T��& � 2
� � � 1 �L���9� � � 	 � � � � �V� &(� 	�� ��� � � ���B� �������9� � � � 4 � � � � � 1 � ��� 1 � $E;C� �6� 	�� � -C. � & . �@�*� !�� $
	�2�� � 	 &F� �'� &5� 	�� ��� � .�$ � ���
� �$ ��&�� 
 1 ���;� 	�� � ��
 � ��� � 1 � # � � ��
M� ��������� � � � 4 � c�� !M& .
� ��& �;2^� � � ��� ��&<& 1 �U� � 	�� �B� � �Z�@� � � &<&:�<�����,��& � ��� � &:� ��� &<� �,� � � &5&N�<��� � ��& � ���<����� � � � 4 �
cT� !M& SC! � � ���U� ��� � 1 & � � ��� & 	��U� � � � 4 � � � � � 1 � �*� 1 � �U��2�� � $ �37 1 �Z� 	�� � -C. � & � � � &(� 	�� ��� �
� ��� � � � ��� 	9��� � � ����� � � � � ��� � � � &<&@���<���,�F� � � � 1 � ��� 1 � .

7 � � ����� 	 � ;C� �6� 	9� � -C. � � � ���d! � �,��2�� � .�$ �����
� �$ ! 	 � � � � ���(� 	 ��� � � 2�� � # ��� �%$C� � �U	 ���

 1 ���;� 	�� � 
 � # � ) 0?$ �37 1 �Z� 	�� � -C. � & . GX
 � � � � #*�)� 	 � 	 �*�F� ��� �>! � � � � � &<&<���5$ �U� ��& 1 � � �,� ����&;S
! � �=�����=���9� 1 ����� � � ����� ��� 1 ����
 
 ��� 2�0 ��� 2 ��� � � � ! ��#�� � � �f� &(� 	�� ��� � � ��� � � &<&N����� � ��&M�

 1 ���;� 	�� � ��
 � �*� � 1 � # � � ��
g� �������9� � � � 4 � cT� !M& .

7 � �%$ 	 ��� � � � 1 �g��&<& 1 �U� � 	�� ��& S�! �@� � ��� ����& ��� #*��� 	 � �;2 � �*� � � &5&g�<��� ����
 � ��� � � � &<& ���<���,�
��&F� 
 1 ���6� 	�� � ��
 � ��� � 1 � # � � ��
d� ��������� � � � 4 � cT� !M& # � 	9��� �W� �*� � � ��� � 0 � � � &<&"���<���,�
cT� !M& $ � � � �����3� � ��� 0 	 &@� � � �Z� 	9��� �%$B&(�)��#�� � ST& � � ;C� �6� 	�� � -�. � & .
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�@� 1 &;S�#T��& � 2�� � �37 1 �Z� 	�� � -C. � S
! � � ��� � � ! � &5� 	�� �Z� � � ��� � � ����� 	%��� � � ����� ��� � � ��� � ��

� ���F	 � 2�	9��	�2 1 ��� � 4 � � � � � 1 � ��� 1 ��&@! 	 � ��� 1 � ! � � ! 	 �*� 0 1 & 	 ���f� ���"
J� �9� � ! 	 ��� � 7 1 ��� 	�� � M

�)��� � $ � ��������	�	� � � ��
 , � � � � ��������	�	� � � ��
 , � �
� ��������	�	� � � ��
 , � � $ -�. � & &

$ � �

 .�$ �.�$ � $ -�. �*� &

$ � �

 � # � � ) 0

 � # � � ) 0 $ -�. � - &

=X� � � S �)��� � 	 &N� ��� � � ����� 	%��� � � � � 1 � ��� 1 �M� � ����� �b
J� � � ��� ��cT� ! . �37 1 �Z� 	�� � -C. �-� & ��� !M&:� � ���
������� �*��cT� !M& & � ��� � � ��� &�� �,� � � � �Z� 	9��� � � � � 1 � ��� 1 � � � ���*� � . %'&(& ��� 2 �i��� � � � ��&(�)������& ��&
2�� &5� � 	 # �;2 	 � ;C� �6� 	�� � -�. � SZ��� 2 ������$@	 &A&(�)��#*� � ��&A!N��& & ��� !M�L#�$ = ��� !�� � S � �l��� � �*) Q �[. ) , � �, � �
�=��� # ��� &5� 	�� �Z� � 2 1 & 	 ��� � 7 1 ��� 	�� � -�. �*. �N� � � 
 ��� 2�0 �=����# �b� #C�)� 	 � � 2 ! 	 � � �>! ��� � � # � &
��& ! �,2�	 &5� 1 &5& � 2D	 � ;�� �;� 	�� � -C. ��. 3Y� � � � � ��� # � ��� 2 # � �=���G# � ����$ � �������9� � � 	 & � � �;��� ��& .
� � � �����;� 	 � � S ��� ! �6��� � S ! � ��� �
�U� &5� 	 ��� � � � &(� �;2D	 � � &5� 	�� ��� 	 ���H� ��� � � ����� 	%��� � � � � 1 � ��� 1 �
� � ����� � � 
 � � �M� 2*2�	 ��� 	 � # � � ���<����� � � � 4 � cT� !M& 	 ��� �"�U� ��� 	 & � � ! 	 � � � 2�2�	 ��� 	 � � �*�9$ � � �
� 4 � cT� !FS�� ��� � �;
J� � � # � � 7 1 ���9& � 	 � � ��	 &Y� ��& � .
� � � �����;� 	 � � S�! � � 2*2 ��� � � ��� ��� � ��&(���<� 	 ���,� � � ��� 
���� ������������������
������ �G
 1 ���6� 	9� �D� �

� ����	�2 � ��� ��� � � ��� 	 ��� � 2*	��,	 � 	 & ��	 ���V� � � 1 �<��& �P� � � #�� � � ! ��� � � �,� � �U� ���<����� � � � 4 � cT� !M&
#�� 	 ��� � ���9$ � ���5� 	 �T���g# � � �L+ ��& . ( 	 � � � �*� 
���������������� ������
������ �'
 1 �*�;� 	9� �eSA! � �=��� � &(� 	 �
� ��� � � ��� ������� � ����� � � � � � 1 � ��� 1 � ��� ���
$ � �������9� � � 	 & � � �6��� � . (a� � ��� �L� ��� � ! � ��� ��& 1 � � � � ���
� ��� �3� � 
J� � � ���*� � ��� 	 � 	 & �+��� �b���P� 2 �U	 � 	 &(�����Z� � � �>2�� � � � �U	 � � 2 � � � � & ��� � 2 � 
 � � �X� 2�2�	 ��� 	 �
���j� 2�2�	 � 	9� �T��� � 4 � cT� ! . �?
 � ������� � 
J� � � ����� � ��� 	 � 	 &X# � � � ! � ��� � � � � & ��� � 2 S0! ��2�� � � �
� 2�2 �,� � �YcT� !M& �;��� �H! �*� ��� ���"	��U� ���;� � ��� � � &<&:�<�����,� 	 &N! 	 � ��	 �,� ��� 1 & � � � &@� 	��,	 � . �@��	 &
	 & 	��U��� �5��������# � � � 1 & � ! � �=���k� ����	�2 � ��� &($�&5� � � �+��� � ��� � 2 ��� 2 � � �>! � � !8�+��� � �*� � 2 #�$
� ����	�2*	 ��� 1 �*� � � � &<&<���5$ � 4 � cT� !M& .
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�g	 � 1 � � -�. � &*M �l� � 
J� � � ����� �P��
F� ��������� � � � 4 � � � � �*)#) V # .HG�3 ! ��� � � � ��� 7 � � 	 &
��� �($W& � ���9� $ ��# � 1 � )C. # )*. � � & & . W � � � 4 �]cT� ! 	 &b� ������� � 	�� ��� 	 �V� ��	 &��=��& � . W 1 �b� �C� �
��� � 1 ����� � �%$ � &(� 	�� ��� � 2^	 � .

����
��RQ � � �3�
� ��� ��� �

(G�U� � ��� 2�� � � �^� ��� � � 1 � � ��& # � #T��& � 2D�6� ��� 1 ��� 	�� � ��
:� 1 �L�;� � &5& �<�����,� � &5� 	�� ��� � � . �@���
& 	�� 1 � ��� � �d����� � !M& 1 &d� � ���T���9$ �;�b� 1 � � &(� 	�� ��� � ��#�$U� � ���<� � �9� 	 �*� & � �5� 	 �*��& 	 ��� � 1 2�	 �*� # � �<�<� � �
� � � ! #T��� 2 ! 	�2 � � ��� 2 � � � &<&@���<���,� � � �������6� � � 	 &(� 	 � & .

W 1 � & 	�� 1 � �Z� 	�� �"� � � + � 1 ���Z� 	�� � !N��& 	 �
�<� ��2 1 � � 2�	 � ;C� �;� 	9� � -�. "*. (G� � � ��& 	92�� �l� ��� &�� �,�
& � � ��
 � ��� &<� � �T��� 	�� & � � � & � ��� �;2 � ��� � � . G & 	 � ;C� �;� 	9� � -C. " S0! �,� �U� � � $  �	 1 � � ��� � & � � Q " �
& 	�� 1 � ��� 	�� �U� ����� � � ��$ $ �g	 � 1 � � -�. ##& .
� 	 � 1 � � -�. �*� & ��� !M&:�>! �f�L9 � �,� � � & S 
J� � ; � � �T��� 	9� & � ��� 2 � S ��
 � ���b��� � 
J� � � ����� �b��
A� 1 �

� &5� 	�� ��� � � . � �W� ��� & � �=��& � &"! � �=���\���;� 1 �<��� � �9$ � � �;2�	 �6��� ���L	��,� ���;� � �P�;� � &5&��������U����&"�

 1 ���;� 	�� � ��
 � ���,� ��������� � � 	 & � � �;��� � 1 & 	 ��� � ���9$'�>! �V� � � # � &;S � ��� &<� �U��� � � # � & ! � 1 & � � �
� � �;2�	 �6�Y� ��� � � � � 1 � �*� 1 � ��
 � ���F� ���<����� � � cT� !M&b��&X� 
 1 �*�;� 	9� � ��
 � ��������� � � 	 & � � �6��� � .

(a� & 1 �
� ��� 	 � ��� 1 � � � � 2�	 �;� 	9� ��� � & 1 �%��&M��&:�U4 /��8��
 � ��� � � � ��� 	9����� �5� � � 	 � � � �;2�	 �6� 	 ���
� ����	��U� ���;� � � �;� � &5&N���<���,�"���;� � &5&@����� ��
e� 1 �N&5� � �T��� 	9� & 	 � �g	 � 1 � � -C. � -C. (a� � ��� & �;� � � ���
5#)�B ��
b� � �;2�	 �6� 	9� ��& � � ��� � � � ��� 	9����� � � 2*	 �;� 	�� � � �5� � ��� � &<&f� � ��� )C. # &�. �@�*� � � � &<&����<���,�
� &5� 	�� ��� � � 	 &M&<� 	 � � ���%$ # 	 ��& �;2 . � �b� � ��& � � � ��� 	9��� �9$ � � � 2�	 �;�<&b�,��� � ��� � � 	��U� ���;� � �V� ��� � � � &<&
�������U� � �H� ��� ����� � .
�l�P
 1 �5� ��� � �6� ��� 1 ��� � � 1 �f�;� � &5&f�������U� � &5� 	�� ��� 	9� �D���9� � � 	 � � � S ! �^2�� & 	 ��� � 2 � �,� � �

� � �,� � �:9 � ���3� � � ��$U! 	 � � �>! � ��� � 1 � & ��
 � � � &<&M���<���,� . �@��� � ����� � � ��$ ��� 2 � ��� & 	�� 1 � ��� 	�� �
� � � + � 1 ���Z� 	�� � 	 & & ��� !M� 	 � �g	 � 1 � � -C. � Q . � ��� � & 	�� 1 � �Z� 	�� � 	 & �*)') & � � � � 2 &N� � ����! 	 � � � � � &<&
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$ # &�; � � ����� 	9� � ! 	 � � � & � � � &<&@���<���,�
�g	 � 1 � � -C. �*�NM 4N� � &<&M���<���,� � &5� 	�� ��� 	9� � �:9 � �U� � � & .
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�g	 � 1 � � -C. �+- M 4 1 � 1 � ��� 	9���U2�	 &(��� 	 # 1 � 	�� � 
 1 ���6� 	9� � ��
 � � ����� 	%���,� � �;2�	 �6� 	�� � � �5� � � 
J� � � � � &<&
�������U� � &5� 	�� �Z� 	�� � 
J� �M���9�0� ��� & 	�� 1 ����� 	9� ��&d! 	 � � � &<� � �T��� 	�� &X��& 2*� &<�;� 	 # �;2'	 � � 	 � 1 � � -C. "*.

�������U�^&(�)���(� 	 �*�P����� 2*� � �%$G# � �>! � � � ) ��� 2 Q & � � � � 2 &U��� 2 ���9��� �*�H� �������9� � � � 4 � cT� !M&
&5�)���5� 	 ���\��� �*) & � � � � 2 & . . � ��� 2 . � � � ��� � ��� � ���6$ " � &;S . # ��� 2 . & � � ��� � ��� � ���6$ �
� &;S . � ��� 2@. - � � ��� � ��� � ���6$ �*) � & . . " � ��&@����� � ���;$ &') � &Y��� 2 # � �<�<� � � � � ! #T��� 2 ! 	�2 � �
�*)#)#) V # 	 ����& . 3 " 	 & 1 & 	 �*� � �*� 7
� / 7 1 � 1 � � ���T��� � �,� ��� �3� � 	 �6$ . � ��������� � � � 4 �kc�� !M&�� �

 � � � 3 # � �'3 �*. 4N� � &<&@���<���,����� � 1 � � � ��� & 
 � � � 3 - � �'3XQ . 4N� � &5&:���<���,�"��� � 1 � # � �C� &

 � � � 3 � � �'3 &C. (a� � ��� � 	�� 2�� 1 � � &(� 	�� ��� 	�� � ����� � � 	 � � � � � � ��� & � &5� � �T��� 	9� & S*� � & 1 �9� 	 ��� 	 �
�g	 � 1 � � -C. �*5*.

(a� ����& � � � &(� �;2 � �*� �;� � &5&l�<�����,� � &(� 	�� ��� � � 
J� � &5� � ����� 	9� & 	 �"! ��	 � � 2�	 �0� � � ��� � 4 �'cT� !M&
� � ���@2�	 �0� � � ��� 7 � � & S
��� 2 ! ��� � � 7 � /R	 & � � � 1 & � 2�� �L� ��� � � 1 � � �<& . W 1 � � &(� 	�� ��� � � & ��� !M&
� ��� � 	 � � �Y��� � � 2W��
 � ��� �;� � &5&b���<���,� � � � � 1 � ��� 1 �b� � ����� � SA���%� ��� 1 � � ��� � 1 ����� ��� � �;2�	 �6� 	9� �
�=����� � � # � � 1 ��������� � � 2 ��& cT� !M&F! 	 � � � � ��� � �F7 � � � � � 2 � �^� � ���,��	 � ��� �"� � &<&"�<��� � � � ���
� ��������� � � � 4 �acT� !M& ��� 2���	 � �N��� �<&<� . � � � &5& � �*� � S 	 �L& 	 � 1 ��� 	�� ��& 	 ��! ��	 � � � � � &<& �<�����,�@7 � �
��� 2 � � &5&@����� � 	 & 1 � ! � � !M�eS � 1 � � &5� 	�� ��� � � 	 &@� � &<&Y��� � 1 ���Z� � .
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�g	 � 1 � � -C. � Q M VV� � � � � �,� � �:9 � ���3� � � ��$ 
J� � 
 1 �(� ��� � �;� ��� 1 ��� 	9� � ��
 � � � &<& ���<���,� � &5� 	�� ��� 	9� � .
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�g	 � 1 � � -C. �-5NM � &5� 	�� ��� 	9� �H� � & 1 �9�<&X! 	 � � � � � 4 �`cT� !M& 	 �V� � � &<&X�<�����,� ��� � 1 � � $ � � & ��� 2
�=� � 4 � cT� !M& 	 ��� � � &<&M�������U�F��� � 1 � # $ � #'& .
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(G�,� � ��� 2*� �,� ��&5�<����� � 2 � ���,
J� ��& 	 # 	 � 	 �>$ ��
@� � � 2*	 �;� 	 ���^� �*�B	��,� ���6� � �G�;� � &5& �<�����,� ��
 �
� ��������� � � � 4 � �<������& 
J� �l��&l� 
 1 ���;� 	�� � ��
 � �*�d2*� ��� � �d��
*� �������9� � � 	 & � . > � 2�� �A� ��� ��&<& 1 �,� � 	9� �
� � ���@����� cT� !M&M& � ��� � � ��� &<� �,� � � &5&:���Z� � SC! � � ���H��� � 1 ����� � �%$ � � � 2�	 �;�:� ��� � � � ��� 	9���X	��,� ���6�
1 & 	 ���Y� ��� &�� �,� �>! � �U� ��& 1 � � �,� ��� � � � # � & 1 & �;2 � �M� � � 2�	 �;� � ��� � � � � 1 � ��� 1 � ��
 � ���d� ���<����� � �
� 4 � ��������& 
J� �X��&M� 
 1 �*�;� 	9� � ��
 � ���F2�� ��� �;� ��
 � ���<����� � � 	 & � .

4 �"� # 	 � 	 ���M� ��� & � �>! �"� � � 2�	 �;� 	9� ��&;S�! � �=��� 	��,� � � �U� ���l� ����
��������
��������������
���� � ��G � �
�=���9� M

��. � 9*� � 1 � � �>! �B� � � # � &Y��� 2�	 �0� � � �
� � �������9� � � 	 & � � �;��� ��& .

# . > & 	 ���H� ���,� � � # � � � & 1 �9�<& S � &5� 	�� ��� � � ���B� �������9� � � � 4 � � � � � 1 � ��� 1 �L��&L� 
 1 �*�;� 	9� �
��
 � ��� � 1 � # � � ��
�� �������9� � � � 4 ��cT� !M& # 1 & 	 ���j� ��� � � � � � 	 7 1 � & ��
 � �*�H� � �;��	9� 1 &
& � �;� 	9� � .

"*. > & 	 ����� ����� � � # � � � & 1 �9�<& S � &5� 	�� �Z� � � ��� � � � ��� 	9���b	��,� ���6� � ���;� � &5&:���<���,�F��&@� 
 1 ��� �
� 	9� � ��

# 1 & 	 �*��� ��� � � � � � 	 7 1 � & ��
 � �*	 &@& � �;� 	�� � .

��. 4 � � 2 1 �;�f�^# 	 �T���5$W& � ���<� �8� �\� ��� � � � &<&F���<���,� 	��U� ���;� 
 1 �*�;� 	9� �eSl� ��� !
	 ��� 
J� � � ���
2�� ��� � �b��
A� ���<����� � � 	 & � S �>S
� � ��� � ��&d� ��� �����<� � &5� 	��,� ���6�d� � &5&�� � ���B� � ��� ��� � �U	 �<� � 2B	 �
� ���4G � � �=���9� .

&C. 7 � � 1 �5� �>S ��� 2 � ���F	��,� ���6�Y��� 2 � � � � 1 � �*� 1 � � � �;2�	 �6� 	9� ��&M��� � �������9� � � 	 & � � .

�@��� � � &5� ��
 � �*	 & 	��,� � � �,� ���)��� 	�� � 	 & 2��"�U	 �T��� �;2 #
$ �L9C� � 1 � 	 ���,� ��� �>! �U� � � # � & .

����� � � ����������	 � ��� � ��� � �
	���� ��� �2��

(G�@� � ��� & ��� !M� �*� ! � �"� � � 2*	 �;� # � � ��� ��������� � � � 4 � � � � � 1 � �*� 1 �d��� 2�	 ��& 	��U� ���;� � �f� � � &<&
�������U�U��&L� 
 1 ���6� 	9� � ��
 � ���U2�� ��� � �U��
:� �������9� � � 	 & � 1 & 	 ��� � ���%$W�>! �'� � � # � &L��� 2�	��3� � � ���
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� ��������� � � 	 & � � �;��� �9& . �N� � �_� � � 2*	 �;� 	�� �*&V��� � �U� � � � � � 	 �=�����9$ � � ����� 	 �*� ! 	 � �_� �������9� � � 	 & �
� �;��� �9& . =Y� ��� � S3� ��� 

����������������������
�������� 
 1 ���;� 	�� �H�=���V# � 	��,� � � �,� ��� �;2 1 & 	 �*� ��& 	��,� � �
# 	 �T���5$ & � ���<� � . �l� � ��� # � &(� ��
 � 1 � ! � � !M� �;2 � � S � 1 � ! � � ! 	 &B� ���0+ �<&(��� �D� � �+�C	92�� �
� �����6� 	 �=��� � �������9� � � � 4 � � � � � 1 � ��� 1 � � � � 2�	 �;� 	9� ��� ��� ����� 2 � � � &5� 	�� ��� � � ���Y	��,� ���6� � �U� ���
� � � &<&M�������U� .

(a�f� � ��� � � 2�� � 
J� ! & 	��,� � 	9
 $ 	 ���U��&5& 1 �,� � 	9� ��&"��# � 1 ��� ��� �;� � &5&����<���,� 	 � � � 2�� �X� �
� � �;2�	 �6� 	��U� ���;� � � 	 � ! ��	 � � � � �C	 ���b� � ! � � !M� �;2 � �d��
 � �*� ���6� 1 �����;� � &5& �<�����,� . ( ��	 � � � ��� & �
��&<& 1 �U� � 	�� ��& ��� � � � ��& � �T��#�� �:	 � � ���
$ �=��& � &;S�! � ��� � � � ! ! � � !�	 ��� � � ��� ! � � � � � � 9 � �*� � .
G � 	��,� � � �U� ���)��� 	�� � ��
 � ��� �5& 	9� � ��
�� 1 � 
���� ������������������
������ � 
 1 ���;� 	�� � 	 & � � � 	 � ��#�� � 
 � � �
? ��� 8������ 8*� � ' 4 � 2�4 ��
:	@�@? <�� 2 ����	�� 4 ��; )��:#&� �:��	��:
 � �:����� � " � 0 � 4 ? � 0 � 4

G �9� ��� 1 � � � ��� � ��� � �<� � � � ��� � & & ��� ! &5�)�Z� 	 &(� 	 �=����&(�)��# 	 � 	 �>$�S+� ��� ���<����& 	�� ���g&5�)��# 	 � 	 �>$b! � � � �
��� � 2U�+��� ��� ��� � � ���F� � � � . � 	 � �*� � ��� � 	���2�	 �M� � &�� �U� � 	 ���L��& 	 � 3�( ;��'# "#) � � �d� ����2 $��T� �U	 �
&�� �,� � 	 ���"���Z� � � 2 h 1 &(� �,� ���:����� � � 	 � � � 
 � � ��� 1 � � � ��� � ! � � ! � � & � � � ���,# � � ��� � 	��;2,
J� � � ���
� � ����� � � � �U� � 	 � � � 	 ��� .

(a�P� � ��� & ��� !M� � � ��� � �������9� � � � 4 � cT� !M&H� ���`# � 1 & �;2]	 � �8� � ���<� � �9� � 2 � ���*� � �;S
� � � ����� 	 ��� � � 2�� � � �>� � 2 � � � � 1 � ��� 1 �,! 	 � ��� 1 �B& 	 ��� 	 + � ����� 	 � c 1 � ��� �H� � � ��� #T��� ! ��� � 1 � 2
�������U�;& . �@�*� � �6
J� � � S � 1 � �,��2�� � 	 ����� � � � � 	 7 1 � � ���V# � 1 & �;2W	 �^� ��� ���Z� � � 2 � � � 	�� � 
J� �@� ���
2 ���)� � � ��� ������� 	9� �^� �,� ����� �*� 7 � �
; & � � ��� �<& .
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� ����
 ����� � ������� � � ������� ����� �

! " �$#&%'�����

�@��� 4 � ��� � ��� /�	 &(��� 	 # 1 � 	�� � 3X� �>! � � ! $ 4 /�3 &g��
 7 � �
;L	 & #T��& � 2�� �f� �*�@� 1 #�� 	 & � ��& 1 #*&<� � 	 # �
�U��2�� �Y��& 2�� &5� � 	 # � 2R	 �`4 � � � � � � # . � � �U# � �5� � �U&<� ��� ��# 	 � 	 �>$�S ! � � � �;2 � �8� � � ���*� � � ���
� 1 �5� � ��� � � � � � �>$ ��� � � ��� � � � 	9� & � � 1 � 	 �=��&5� � �F2�� � 	9��� � 1 ��2 ��� � & � � & 1 #�&<�;� 	 # � �5& . 4:��� � ��� 	 ���*S
� �F��� � &Z� � & ��� ! �;2 � � ��� 1 � 2�� � � ����$V� 	 �<� 1 � &(�)����� � & � 1 #�� 	 & � �Z& 1 #�&5� � 	 # � &5$�&5� � � &F�=���P# �
# 1 	 �%�:! 	 � �^� � 2�� &5$�&5� � � � 1 �%� 	 �=��&(�:� � � � � 	 7 1 � & 
J� �@# � �<� � �M&<�=��� ��# 	 � 	 �>$ ��� 2H� �,� 	�� ���;$ .
�@�*	 &�� � � � � � � 2�� &5� � 	 # � & ��� ! � �P� � � ����� � � ��� 4 /�3 ��
 7 � �
; 1 & 	 ��� � ��� 3Y� �,� � ��� � S

�\� �+��� � 
 ��� � ��� �;� #T��& �;2R� � 2�� &($C&(� � � � 1 �9� 	 �=��&5� � � � � � � � � 2*� & 	 ��� �;2 #�$ �N	 �5� � � � � ��� . ���
3X� �(� � ! � &5� � �<� > � 	%��� �5& 	 �>$ . � � � ����� 	 # 1 � � 2 � � � ���F2�� & 	 ��� ��
 � ��� � ��� 3Y� �,�,� � � � � � � � .

( �*) + � 	 ��������� 	 	 �2�
G &"!:��& 2�� &<�;� 	 # � 2a	 �a4 � � � � � � # Sl7 � �
; & � � ��� �5& 2�� � � �F����� !V2�	 � � �;�<�9$V! 	 � �\� ��� �G� � ��� �;S
# 1 � 	 � 2�	 � � �;���%$ ��	 �\�j� � ��� � ��� 2�� � 	%��� �($k� � �>! � � ! $ 4 /�3 & S ! ��	 � � 	 &�#T��& � 2R� �k� �*�V� 1 # �
� 	 & � ��& 1 #�&<�;� 	 # � �,�C2�� �
��� 2 	 & 1 & � 2 & � � � �9$b� �X� � ��� ������� � 1 ��2 ��� � &l� �M
 � 	�� � 2 �%$"7 � �
; & � � ��� �5& .

� - #
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� �,� ��� � 1 �5� � ��� 	��,� � � �U� ���)��� 	�� �eSZ� ��� 4 /�3 1 & � & 1 � 	 � ��&5� � � & � � 2 1 ��2 ��� � & � � & 1 #*&<� � 	 # � �5& .
�@��	 &@! � � ! & + � � ! 	 � � �f& � ���9� � � �,� 2�	 1 � & 	
�;� 7 � �
; &5$�&(� � � ST# 1 � � �=$ � � ��� &<� ��� ��# 	 � 	 �>$
	 &<& 1 � & .

4:��� � ��� 	 ���CS � � ��� � &�� � & ��� ! �;2 � � ��� � 1 #�� 	 & � ��& 1 #�&5� � 	 # � &5$�&(� � � &g� ���L# � # 1 	 �%�A! 	 � �L� � 2��
&5$�&5� � � � 1 �9� 	 � ��&5� � � � � � 	 7 1 � & 
J� � # � �5� � ��&<� ��� ��# 	 � 	 �>$f��� 2B� �,� 	�� �*�;$ . V 1 �9� 	 �=��&(� 2�� � � 1 � � � &
� ��� & 	 � ����
 � ��� � � � � 	%��� ��& � � 
 � � � � ��� � �U� 1 �
� ��
 &(�)��� � !�� � �B�Z�,����$D& 	 ����� � � �C2*� ��� 2
�3� � � ��� 	 �����%$U� ����	�2 &Y� � 2 1 � 2 �����X� � ��� 1 � 	 �=��� 	�� � 	 ��� ��� � � �>! � � ! .
�@�*�
� ��� 3X� �U��� � � � � � � � �=���\# � � 2���� � � 2j
J� �b� ����� 1 #�� 	 & � ��& 1 #*&<� � 	 # � �U��2�� �g! ��� �a�

��� � 1 �V��
 
 � 	9� � 2 �%$�7 � �
; & � � ��� �<&�& 1 #�&<�;� 	 # � � �,� ��� �V� � �*� � � & 1 �32 ��� � & . � �V& 1 � � &<� � �T��� 	�� &;S
� ��� � 7 � �
; & � � ��� � � ���5� 	 � 	�� ��� � & 	 ��� � � ���U2�	 &(��� 	 # 1 � � 2 7 � �
; &5$�&5� � � ��� 2G� � ��� ������� �,	 �<&
1 �32 ��� � & 1 & 	 ��� � ���X� � 2�� &5$�&5� � � � 1 �%� 	 � ��&5� �,� � � ��� 	 & � . �@��� � 2*� ��������� �Y��
 � �*	 &�� ��� � � ��� �
	 &B# � �5� � �B&<� ��� ��# 	 � 	 �>$ . �@��	 &B� � � � � � � + �<&(� 2�� &<� � 	 # � &B� ����� ��� 3X� �,�\� � � � � � � �X��� 2 � ��� �
2�	 &5� 1 &5& ��� ! 	 �M�=���H# � 1 & �;2 � �,� � � ���*� � � ��� &<� ��� ��# 	 � 	 �>$ ��
 � ��� 4 /�3 	 �H7 � �
; .
�@�*� � � 2 � &5$�&(� � � � 1 �%� 	 � ��&5� � ��� S � # � S 5�- S � -'� S & Q S "#) S &�- S � Q - S # ��� S �+-') S # � Q � !N��&

2��;��� � ���3�;2 ��& ��� � �0� �;� 	9��� ���9� � �5�T��� 	%��� � � � � � 1 �%� 	 � ��&5� Se! ��	 � �G	 &F� � �F! 	�2*� �9$ 2*� � � � $ � 2
� �'� �*� � 1 �<� � ��� � ��� � �5� � � � -') S - 5 �[. � �P��� � � 2 � &5$�&(� � � � 1 �%� 	 � ��&5�X� �*� � � ��� �P� ���5� 	 � 	�� ��� 	 ���
�3�;� �<& � �5����� 	 � � � �*� � & � � ��� & 	 �
� � ��� �+��� �<���=$P� ����� � � ��$ 
J� � 2 ���)� 2�� � 	9��� �($ . �d��� �G� 2 � �U	 �
� ��	 &�� ����� � � ��$8� � �<� � & ��� � 2 &,� � � 1 � 	 � ��&5� � ��� � # � �>! � � �R�>! �a� � 2�� &5$�&5� � � & � � ��� � �<& 	 �
� ��� 1 � 2�� �5�9$ 	 ��� � ��� � �<� � � . G ��� � 1 �9� 	 �=��&(� � � � ����� �;2a
 1 �*�;� 	9� �T��� 	 �>$ 	 & 	��U� � � �,� ��� � 2 ���f� ���
�3�;� �<& 	 ��&(� � � 2B��
 ���N� � 1 � � �<&;S���� 2 � �*� � � ��� ��
 � �*� � 1 �%� 	 �=��&(� � � � � � � � � 	 & � � � � ��&(��� 1 �;�:��� 2
� � 	 ���)� 	 ����� � �,� 	9� ��� � ��� �5� �=$ 
J� � 2 �Z�)�f��������& �,	 &5& 	�� � .

G �U� ���8� ���'� � 2�� &5$�&5� � � � 1 �9� 	 �=��&5� � � � � � � � ��& � � ����� & � 2 SM��� � � � #T��& � 2 &5$�&5� � � & � � ���
� � �+��� �\� � # �f��	 � � �9$^&<� ��� ��#�� � ��� 2P� �,� 	9� ��� 	 �V� � � � & ��
d��� $C& 	 � ��� � 	 � ! &5�<� � &5& SA&(�)��� � ��� 2
� � ����� � � �+��� � ��� � 2 S���� 2^� � 2�� � � �>� � 2 � ��� � ���6$ . =Y� ! �;��� �;S�� � � � ���3�<� �;� &(��� 1 �;� 1 � � & � � ��� �>! �
	 � ��� � � �
� � � � #�� � � & .

������������������� � �@��� $R��� �'�*	 � � �%$ 2�� ��� � 2�� ��� � � � ��� � � � 	 ��# 	 � 	 �>$ ��
 � � � � � � � 
 � �C2*� & . 7 � �
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& 	 � 	�� ��� �b	 & � ���(� 	 � 1 � ���<�9$,� � � �6� �����Y� � � ��� � ��� � 	 � ��� 	9� � � � �=$ � �:� ��� � � ��� � S ��&@��� �;� & ��� � �
��� � � � �,�3� & � 2j��
 � 1 � � � � �U� 1 & S 1 � � � �;2�	 �6�)��#*� ��� � 2 &5$�&5� � � & . �@�*�,�*	 � �W2*� ��� � �f��

���<����& 	9� ���6$ ��
 � ���Y��� &5�<& � � ��&d# �;� � ����	 �
� � 2U� 1 ����& � � �Y��
 � ��� � � 	 �,� � ����� � ��� � & 
J� �
� ��� & � ���<� �*	 � � �;� 1 � � & � "�- �/.
7 � �
;D	 & 2�� & 	 ��� � 2k
J� ����� 	�2 &;S ! ��	 � � � � �*& 	 &(� ��
 � ���5� � &5�=��� � S 2 $��T� �,	 � � � �U� 1 � 	 ���
� � & � 1 �5� � & . (a� � ��� � �;
J� � � & ��� � 1 � �Z� � � � ���b7 � �
; & � � ��� �<&b! 	 ��� & �*� ! & � �,�L2�� ��� �;�L��

���<����& 	9� ���6$�S ��� 2V	 � 	 & 	��U��� �5�������:� ��2�� & 	 ���'� ��	 � � �%$ � � & 	 � 	�� ��� � � � � � � � � .

��� ����� �����
	������ �
����� �
� ��� � �@��� $j��� � � 	�!�� �9$^� � # � #T��� 2 ! 	�2 � � � � �*&5���<� 	 � � 2 � ��&"#T��� 2��
! 	�2 � � � � � 	 � ��# 	 � 	 �>$ �,� � � � � � 	 �=���9�9$ 2�� �;� � ��& � & ��& � � ��2�� &<� � � 2 & 	 ��� � � ��� �<� �;� . �@���
#T��� 2 ! 	�2 � � � 	��,	 ����� 	9� ��& ��
 � � � � �����<� � � &(��� 1 �;� 1 � � & 	 & � ���(� 	 � 1 �����<�%$ � � � #*� � � ��� 	 � 
J� �
� 1 �%� 	 � & � 1 �<� � Se#T��� 2 ! 	�2 � �a	 ��� � �*& 	9��� � ��� � 	 �=�Z� 	�� ��& . �T� ���^& � � ��
 ����� 2*� � �%$ � � ��� � 2
& � 1 �<� � & 	 �'�,�<� � � S ��	 � ��� �X� �;��� � � ��� � & $ � �*� & � � � � & � �Y� � � ��� � ��� � & ! 	 �9�A# � � � �,� � ���
# � �<��� � � � � ! ��� 2 � � � 2 � �D2�� �,	 �T�Z� � � � & �3� �*& � � 	��U� & . W ��� � � ��� & � � 	 � ! &B# � � � �,�
��� � ��	 �%$ � � � 2��;2H� � � ��� �5� � � 2*� 2 S � ��� !�� �<&X! 	 ���0&(�)���(�M� � # � # 1 �0� � � 2V� � 2 � ������� 2 .

7 � �
; 	 & 2*� & 	 ��� �;2_
J� �^� ���5� � &<� ��� � ��� 	�2 &5$�&5� � � &V� � ���H�=��� �3� � � ��� 	 ���9�9$R&5�=��� � � �
� ��� & 	 � �H��
 � ��� � ��� � �<� � � . � � & 1 � � � � 1 � �'2*	 &5�<� 	 # 1 � �;2 &($�&5� � � &U� ��� � � � � 1 � 2 # �
� ��� 1 &���� 2 & ��
 7 � �
; & � � ��� �5& S"��� 2 ! � & ��� � 1 � ��� � � � �Z��� ��� 1 ��2 ��� � &�& � ���V� �U� ���
� ��� � ! � 1 � 2 � � 7 1 	 � � & 	 ��� 	 + � ������#T��� 2 ! 	92 � � . W 1 ����&<& 1 �U� � 	�� � 	 &f& 1 ����� �(� � 2 #�$
;��,	 � � � # )�� � S�! ��� 2�	 &<� �+��� � �;2 � � ��� � �*� � ��� ����� � ! � � ! � � � 2,� �f� �*� 	 � � � �����<��� 	 � �;2 � �
;
	 & Q . Q ����� ���Z� 	�� ��& ��� ��& � � � � 2 S���� 2 � �*� � � h � � 	 �>$ ��
 � �*������� ���Z� 	�� ��&N��� � 1 �32 �Z� � &�� �
� ��� & � � ��� � . �@��	 & 
 ���6�d� � � � � ��� � ! 	 � � � �*�Y��� � � ��� 	 ���*�����<� � &5�=��� �@��
 � ��� 7 � �
; &($�&5� � �
	 � 2*	 �=�Z� � � � ����� ��� 4 /�3�� ��&�� � # � #T��� 2 ! 	�2 � �\� �,� 	�� ��� � � ������� �;
 1 ���9$ � ��� 2 � � � ���
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1 ��2 ��� � & � � ��� ������� 	�� � .

��	 �<� � �X��� 2 � 1 &5��� � ���
� � � � ��� � 2�2 � � &5& �;2 � ��� � � & 	 � 	�� �*� � 	 &<& 1 �L��
 ��� � � � #T��& � 2 &5$�&(� � � &
	 � � � �6��	�� 1 &^! � � ! � ��) � � � � � 1 � � � ���j	 ����� �C2 1 �;� 	�� � ��
�� ��� � 	����'	���� ��� 2 � ��� � � � 	 ����� �P� �
� � �	�
� 	���	�� 
 	 � � � ��� 	 ����
"
 �"� � 	�� � 	��
	�
 � ��$ 3
G 4��"& & . �@��� � ��� 3Y� �,�"� � � � � � � �T� 2*2 � � &<& � &�� ���
#T��� 2 ! 	92 � � � 	��U	 �)��� 	�� �*& ��
 � � � � ���0��� � �F�+��� �<� �=$�& .
� ��� 3X� �U� � &,� ��� � � ��� � �=� �*	 �)��� 	
�;� & � � .A� 	 & � �<& � � � &,& � �U	 �T���:! � � !G� � 
 �Z� � �<� �;� & � �-"�- �/.

� ���<� ��� �<��& 	 ��� .A� 	 & � �5& � �eSb� 
 ��� � ��� � �W	 & � 	�!�� �D� � ���Y��� �;�P	 �R� � ��� 	 ��& #��<����� ��� &^# � � � �,�
� ��	 � !�� �f� ��� � � � & � �f� � � ��� � ��� �=S � � 1 & �+��� �<� � �,	 ���j� ��� �(� ��� ��# � �<��� � � � � !��a��
 �P� � � 1 � ���
��� �;� . �g	 � 1 � �FQ . � & �*� !M&X�f&<� ��� � �Z� 	 � �:9 � �U� � �"��
 �,# 	 �T���($ 
 ��� � ��� � � . � �Z� 3X� �U�f� �<����� 	
� � &
� ���5� 	 � 	�� ����� � � 2�� &5$�&5� � � & 	 �a� �<� � � � � ��� � � � & � �9$W� � & � � #�� � & � .A� 	 & � �5& � � 
 ��� � ��� � � #�$ 2 $ �
�T� �,	 �=�����9$ � � ��� 	 ��� ��	 � �*� � 2*� ��� � � � ��2�� & $ � ��2�� &N! 	 � ����	 � ��� �:#T��� 2 ! 	�2 � � �=� � ��� 	 �>$ & �;� � & �
� � � ��� � �C� �Y��� 2V	 ��� � � ��& 	 ����� ��� � � 1 &5� � �M& 	 � � &Y��& � � � ��&<� � � 2 &M� ��� �<� � � .

( ��� � � � � 	�� � � �2� 

� 1 #�� 	 & � ��& 1 #�&5� � 	 # � � � ��� 1 � 	 �=��� 	�� � 	 &�# � � �"�U	 ��� � ��� �,� 2�	 1 � ��
 � �*��	 � ��
J� �b� �*�,2*� & 	 ���
��� 2j2��;��� � ��� �,� ��� ��
 � �C� & � �%$ � � � 1 � � �;2 Se� � �U��� � � ��� � #���& �;2 S 2*	 &5�<� 	 # 1 � �;2 &5$�&5� � � & . Gb��� � 	 �
�=��� 	�� ��&b������� �L
 � � � � � � �"�
�,� �5� �L
 �<� �U� ! � � ! & $ � . � . S � � G � & (a� # .A� � 	 � & � ����� � � � � � �>��� � �
	 � 
J� � � �Z� 	�� � & � ��� 	 �*�,&($�&5� � � & $ � . � . S � � 1 � � �9� � & � � �U	 � 	 �����5$,� � �
� ��� 2 ��� 2 � � ����� � � $J� . � . S
> ;KGb	 � �T� �5� � � &�� ��	 �
� � ���<�<� � & � ��� � � � 
J� & �*��� � �*& .
� 1 #*� 	 & � ��& 1 #�&<�;� 	 # � � �"�
� 1 � 	 � ��� 	9� � 	 & � � �������;� � � 	 � � 2 #�$�� ��� � � � 	�� ��� � ��� & � � 2�� �<&���� 2

� � � � 	%��� �5&F��� � � � �"� � 7 1 	 � � 2 � � � � ��� � � � 	�� � 	 ! � � !M� � 2 � �f��
 � ��� �j� � ��� � . �@����cT� ! ��
 	 � �

J� � � ��� 	9� � 
 � � � & � � 2�� �5&�� � � � � �;	9��� �<& 	 & 2�� � � � �U	 � � 2 #�$ � ��� & �3� � 	 + � 	 ��� � � � &(��& ��
 � ���
� � � � 	%��� �@�<��� �*� �:� � ����#�$���� �L9C� � 	 � 	 � 2�� &(� 	 ����� 	9� �^� 2�2 � � &5&M��&<& 	 ��� �;2 #
$U� ��� & � � 2*� � . ( 	 � �
� ��	 &Y� � ��� 1 � 	 �=��� 	�� � � �Z�<� � �<�eS � � � �;	9��� �<&X& 1 #*&<� � 	 # � � �U	 � 
J� � � ��� 	�� �B� � ��� 	 & ��
g	 ��� � � � &5�Y� �
� ��� � ! 	 � �*� 1 � � � ����� 2 � � ����$f& �3� � 	 + �X& � 1 �5� � S
! ��	 � � & � � 2�� �<&N& 	��,� �9$ � 1 #�� 	 & �,	 � 
J� � � ��� 	�� �
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F

G

B DE
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Cap. 30 Kbps

Cap. 20 Kbps

Cap. 5 KbpsCap. 5 Kbps Cap. 5 Kbps

Cap. 25 Kbps

Cap. 10 Kbps$ # &�� ��� � � �;�
�g	 � 1 � ��Q . �,M � ! � # 	 �T���($V�<� �;� &�! 	 � � � ��2�� &�� ��� 2 ! ��&�& � 1 �<� � &;S � 1 #�� 	 & ��	 ������� & �"# � &
� ��� � . $ � & & ��� !M& ��� � � � ����# 	 �T���5$F�<� � � ! �*� � � � �C2���� # � � � �,� & � ��� # � �<�<� � � � � ! S�� � & 1 �%� 	 ���
� ��� � � 2 1 � � 2 $J2 ��& � � 	 � �*& � 1 �<� ��	 �*�L&5�<� � � � 7 1 ��� 	 �>$ . 3Y�C2���� � ��&N� � 
J� �5!N��� 2 � ��� &5�<� � � �
� � � � �C2�� ! ��� 2 � ��2���� S ��&@! � ��� ��&X&(��� � � � ! � � � ��2�� � ��� 2 � ��2���� S�� � 1 & 	 �M� �;� 2 &
��� � 1 �<� ��	 �*��#T��� 2 ! 	�2 � � �=� � ��� 	 �>$ ��
 # ) �"# � & . =X� ! �;��� � S 	 � � ��& � ���9$ �*) �"# � &@� � � 	 � ��#�� � S
� � !
	 ��� 	 ���B# � �<�<� � � � � !'	 �'� �*� ��� �;� . $ # & & ��� !M& � 
 ��� � �<� � � ! 	 � �P�*	 � ��� �b� � � ��� 	 �>$V� �C2*� &
� � ��� � 2^��	 � ��� � 	 � � ��� ��� � � .
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! 	 � �*� 1 � � 2�2 � � &5& 	 ��� 	 �"� � ����$P& �3� � 	 + � 2�� &5� 	 �T��� 	�� � . G � 1 #�� 	 & � ��& 1 #*&<� � 	 # � � � ��� 1 � 	 �=� �
� 	�� �\& � � �C	 � �,	 &F� � & ��� ��& 	 #�� ��
J� � 	 ��� � � � � � � 	 ���H& 1 #�&5� � 	�� � 	�� ��& ��� 2a2�� � 	%��� � 	 ����� ��� � � � �;� �����
� 1 #�� 	 �=�Z� 	�� ��&N� � & 1 #�&<�;� 	 # � �<& .
�@�*� � � ��� � � 1 �,� � � 1 &V! � � ! ��� 2 � � �
�,� �5� 	 ��� � � �C2 1 �;��& � �i� ���\� 1 #�� 	 & � ��& 1 #*&<� � 	 # �

�U��2�� � � &�� S Q � S �
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&5$�&5� � � & � ��� S � # � S 5�- S � - � S & Q S "#) S &�- S � Q - S # ��� S �+-') S # � Q �/. W � ����
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J� �M� � � &<&Y���<���,��S�� ��� ! � � 
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 	�2�� ��&

 � � � 3Y	 � � & 1 � � ��& 	 ��& ��	9� �<���<� ��	 �=���g� � ����� � � � ����� � � ��$ . � �Z� 3X� �U�^	 �
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G ��� � � � � ���9� �3� �<& � �T��� 	 � �;2 � � �
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 ����� � � � � ���9� �3� �<& � �T��� 	 � �;2 � � ��� 1 � 	 �=��� 	�� � .
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:	 �
� � � � � ��2�� � � ��� 1 � 	 �=�Z� 	�� �
�3� � 
J� � � ���*� � ! 	 � � � 1 �9� 	�� � �b��� � � ��� 	 ���e& � 1 �<� � & .
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 � � ����� � ��� � &N& 1 � � ��& � ��� 2 � 	 ���
� ���U��	 � � � �6��� � ��
 ��������& 	9� ���6$ ��
N� � 2 � &5$�&(� � � �3��� 1 � �Z� 	�� ��& ��� 2 � 2�2 � � &<& 	 ���'� ��� 	 � 2*� ��� � �
��
 ��� � � � � � � � � 	 �>$ . G &(���<� 	 � � � 
J� �5!N��� 2 !N�=$ ��
 � �*� � �-9C	�� ��� 	 ����� 
 ��� � ��� �;�"	 & � ����� 	 ����� ��� & �
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	 � ��� � � � �4�	��� � Q )

processor

channels

external interface

node
switch

�g	 � 1 � �FQ . # M .A�;	 & � �<& � � � & � �5����� 	 � ��� 	�� � ��
 � 
 ��� � �<� � �"	 �H�,& 1 �3� �<� � �U� 1 � � � � �*"�- �[.

� �C2*� &"! 	 � �\�*	 � ��� �"#T��� 2 ! 	�2 � � � � � ��� 	 �>$�� � � � & � �"� � � ��� � ��� � . ;C	 �*� ��	 ��� � � 	9� ��� ��2�� & ��� �
	 � ��� � ���;2H	 � �,� &5� 	 ��� � � � � �C2�� � � ��� 1 � 	 �=��� 	�� � � ��� � &:� �*� $ &(��� � �����%$ 	 � c 1 � ��� � � ���"�+��� �����9�
� � 2�� � � �?� � 2a2�� ���=$\��� 2 � ���G& �C� �G# � � �"�U� # � �<��� � � � � ! &���& � � �,	 ���;� � ��& � & � �*� � 1 � # � � ��

& � 1 �5� � & . � 	 � 1 � �BQ . � & ��� !M&��V&5� ��� � ��� 	 � �:9 � �U� � �,��
 # � � � �H� � � 1 � ��� # 	 �T���($P��� �;� ! 	 � �
�>! � & �F# � &N& � 1 �<� � & $ �]��� 2�! & ��� 2 �F# � �<�<� � � � � ! � ��2��,$ �I& 1 �T��#�� � � � !��;� � 1 � ! 	 � � � ���
� 1 #�� 	 & �*	 ���f�<��� �F��
 � ��� � ��2�� & 2*� !M�*&5��� � � � .

GY� � 	 ����#�� � #���� 2 ! 	92 � � � ��� 2�	 �0� �X& 	 ��� 	 + � �������9$ 
 � � � #T��� 2 ! 	�2 � � �=� � ��� 	 �>$ � ��� �Y� 	��,� S
2 1 � �>$ ��	 �=���9�9$ � � � � �U��� � 	 �������<���,��S3��� 2 ����$'����� � � 	 � � � � � ���b���<� � �,� ��&Y� �,� � 1 ����� �F
 ��� �
��� �;� & 	 �V��� �+��� �<���+$^� � � 2 &X� � �)� !�� ��� � � 1 ��� ��
 & 1 � �P2 $��T� �U	 & � . G �9& � S ��� � �>� �Z� � � � ������� �
� � � 	 &(� 	 �;& � 1 &(�X# � �)� !�� � 	 ��� � � � ��& 	92�� �<��� 	9� � . ;C	 ��� �F� � 2�� � � �>� � 2 ����� � ���;$ 	 &M��� 	��,�3� �5�)���
�

 ���;� � � 	 �H� ���L��� � 
J� � � ����� � ��
 	 ��� � �����6� 	%��� � ��� � 	 �=��� 	�� �*& S*� ��� ����� � ���;$ ��
g� ��� � � 	 � ! 	 �V� ���
� ��� �5� �=$�SN� ���H� � � � � &<& 	 ���a� 	��,� ��� � ��� � � ��2�� S@��� 2 � ��� � 1 � # � � ��
�	 ��� � � �,� 2*	 ��� � � �C2*� &
& ��� 1 � 2 # � � � ��& 	92�� � � 2 �=��� �;
 1 �9�9$ . ( ��� �U& � � � �;� 	 ��� � �,� ��� ��� &<& 	 #�� �@� ��� � ����&;SC�"�;� � & � � � ��2��
� �=$,# � �L# � �<� � �:� ��� 2�	92 ��� � S 	%
A	 � 	 &N��#�� � � � & 1 �*�3� �(�:� �*� � � � 2 S
� � ��� �������%� � �5�T��� 	9��� � ��2��
�"�0� � 	 ��� �*	 � ��� �d� � � 	 � ��#*� � #T��� 2 ! 	�2 � � . �g	 �T���9�9$�S�� ��� �U� ����� 	��,� � �F
 � 	 � 1 � �@��
e� � 2�� &($C&(� � � &

� 56,7��'D
�����'��7' �	����I	�����7I9 �
-����=��B�2�%, �%,�

����,�� ���2�7� �B��L&
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	 � ��� � � � �4�	��� � Q �

	 &M& 	 ��� 	 + �=�������%$�� � ! � �@� � ��� 
J� �M� � 1 � � �<&;S ��� &5& 	 #*�9$�� � & 1 �9� 	 ��� 	 �H� � ��� 	 �
� � �5� 1 � � 	�� �*&M� � � ���
2 ���)�f&(��� � � � ��&@� ���"
 � 	 � 1 � ��	 & 2�	 &5� �+��� � �;2 ��� 2 � �*� 2*	 &5�<� 	 # 1 � 	9� � ��� � � � �;� � 	 � � 2 .

G �9� ��� 1 � �B� ��� �5� �=$ 
 �Z� � �<� �;� &:� ����# � # 1 	 �%�:��# �+��� �U� &(�N�<� � � � #T��& � 2 � 1 �9� 	 �=��&5��&5$�&5� � � & S
� �Z� 3X� �U� !N��& 	��,� � � �U� ��� � 2 1 & 	 ��� 3Y� �,� S � ��	 � � � � � & 	 � 	�� ��� � S*����� � ���;$ �>��� � 	��U	 � � 2��+��� �<���=$
� 1 �9� 	 � ��&5� � � � � � � � ��� � ���d!:��& 2��;��� � ���3�;2 #�$ �N	 �5� � ����� 2 � 1 &(�)� � ����� � � �#) �[. �@���b
J� �9� � ! 	 ���
& � �6� 	9� � � � � ��	92�� & & � �,� #T��� ! ��� � 1 � 2 � ��� � � 	 ��� � � �+��� �5� �=$ � 1 �9� 	 � ��&5� 	 �a� � � � �����N��� 28� �
� ���@����� �<��� 	9� �T��� 2�� �)� 	 ��& ��
 3Y� �,� S�# �;
J� � �:2�� &<� � 	 # 	 ����� �*� � �Z� 3X� �U�b2�� & 	 ��� 	 � ;C� �6� 	�� � Q . &�.

( ��� � �
� 
��2� �������
G ��� ��� � � � � � �>��� � � � �f� �*� � 	 �=��� 	�� � � � �=$ � ��� 1 �9� 	 �=��&5� � � � � � � � ��& � �<����� 	
�;� � �*��� ���5� 	 � 	�� ��� 	 ���
�3�;� �<& 	 �
� � $ � & �D� � �
�<� � �X� ����� � � ��$ 
J� ����� � 1 � � � �L# � �<& �*	�� � � � ��� � 2 �)��& ! & S"��� 2�$ ##& �
2�� � 	9��� �5$^��� � �L
J� � 2 �Z�)� 
J� �(!:��� 2�	 ��� . GX� � 	 � ��#�� �F� � � � � � � ��&Y�=���W# � � ����&<& 	 +T�;2 ��� � � � 2*	 ���,� �
� ��� & � 7 1 � ��� � � 2*��� � �;2,
J� � � ���;	 � � � ��&5�<� 1 �6� 	�� � � # 5 S �'" �[.�� �B����� � � � + �5&5��� ��� � � ��� � � 5�- S � # � S
� -'� � S �3�;� �5& 2*	 � � �;�<�9$V� � ��&(��� 1 �;�F� �*�,2 ���)� 2�� � 	%��� �($'�<� � � #�$P& � � � �;� 	 ����� �*� 	 � � ��� � ����& 
 � � �
�	� � ��� ! � � !M� ��� � �<& . GX2�2�	 � 	�� �T����� 	 � ! &:��� � ����� � �@� 2�2*� 2 � �f2��L+ � � S 	 ��� � ��# 	 ����� 	9� �U! 	 � �
� ���^2 ����� 2�� � 	9��� �5$G��� �;� S � ��� � � ����� � �N� ����� � � ��$ . ( 	 � � �
� � & ��� + �<&5�U� �*� � � ��� �'� �#" S & Q � S
�3�;� �<&U# 1 	 � 2 ��� � � �^2�� ��& � �9$ � � �*� � �6� � 2 ����� ��� $ � � & � &��+��� �U! �*	 � � $ � �;��� �5& �*& & ��� �(� � &5�
� ��� � & � ����� 	 �*�\�<� � � & S:� �C� � � 2 ���U����$ �3�;� �;S:�=��� # � � � ��&5�<� 1 �6� �;2 .
� � � � � � � ��&,� 2���� � 	 ���
��� 	 � � � 	 � 	 �L� ��� � � ��� � � "#) S &�- S � Q - S # ��� S # � Q � � � � ��� ��� ���9$G�W� � �
�<� � ��� ����� � � ��$a�	� � ���
� ���f� ���5� 	 � 	9� ����� ��� � �<& .�� ��� 	 � 2 ���)� 2*� � 	%��� �5$'� ����� � � ��$ 	 & 	 � � � 	 � 	 ���%$ 2�� � � ��� 	 � � 2 #�$W� ���
2�� + � � 2 & � � ��
 � ��� !�� � �[
J� �5!N��� 2�	 ���,� 1 � � & .
� ��� 3X� � � # 1 	 � 2 & � � 3Y� � � � ��� � 1 � ��� � � 
 �Z� � �<� �;� � � � 1 & S 	 � 	 � ��� � 	 �<&:� ��� �����<� � � � & ��	 � �

&<�=��� ��# 	 � 	 �>$k��� 2 � � & 	 � 	9� ��� � .�� �R� ���'
J� �9� � ! 	 ��� � ���<�����<� ��� &;SM! �P� � � ��	92�� �G& 1 ���U��� 	
� �;2
2�� &5� � 	9� � 	9� � ��
 3X� � � � 
J� ��� � � � � � � � � � � �L2�� �)� 	 ��&M! ��2*	 � � �;�X� ��� � � � 2�� �b� � � �*� ! � � ! #�$
�N	 �5� � � � �X��� . � ��) �[.
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	 � ��� � � � �4�	��� � Q #

Leader

Co−leader

Ordinary member

�g	 � 1 � �YQ . "NM 3X� � ��� &�� � � 	 �=��� � �<����� 	
� ��� 	9� � . � ��� & � � �3�X	 �9� 1 &(�����Z� � & � �*�9$f� �*� � � � �M��
 � �3�;� �
! 	 � �*	 �����;� 1 &(� � � M ��� � � 2�� � ��
 ��� � 1 &5� � �@���@��� 	9��� ��� �=$ � �@�=���^���;�M��&:� � � 2�� �;S*� � � � � � 2�� � S � �
��� � � 2�	 �T���($�� � ��# � �M���M� ��� � �L9 � ��	 � ��� �@���+$ � � .

� � � �

3X� � ��� ��) � 
J� ��� � !M&d� ����	 � � � 	 � 	 � � ��� � � ��� � � � # 1 	 � 2�	 ��� ��� �+��� �<� �=$ 
J� � � 1 �9� 	 �=��&5� 	 ��� . � ���
& � � ��
 � � ��� 1 � 	 � ��� 	9� � �3�;� �<&���� � � �<����� 	
�;� 2'	 ��� � �;� 1 &(� � �<&b#���& �;2P� �W� � �>! � � !V� � �-9C	 � 	 �>$�S
! ��� � �\�6��� �5$ ��� � � 	 &�� � � ��# � � ��
 �8� � 1 &5� � �^��� � ��� � � ! � &(�V���=$ � � . 4N� 1 &5� � �5& � ���5$ 	 �
& 	
�;� # � �>! �;� � %B��� 2 " % � � S*! ��� � � % 	 &@�f� � ��&(�)����� ! � � !M�W��&:� ��� �'	 � ��	 	 . � ��� �H��
 � ��� & �
� � 1 &5� � �<& & � � � �;��&d� � 	����'	�� � � �Z� # � � � � � &d� � � ��# � � ��
 � ���@	 ��� �;2�	 �Z� � �%$F& 1 ��� � 	�� � ���=$ � � . � �
� ���5� � � � ����	�2 � ���M2�� ��� � 2*� ���6$ � �U�"& 	 ����� � � ��2�� S �6��� �($�� � 1 &5� � � � � � 2�� � � � �;� 1 	 ��& �F� 1 ��# � �
��
 � � � � � � 2�� �<&M� �U
J� � � �U& 1 ����� �5� 	 ���,� � � ! . � ���L� � � � � &5& 	 &M� � ��� ��� � 2 ��� � ��� � � � ! ���+$ � �;S
! 	 � � ���9� ��� � �5& 	 � �P� �=$ � �,# � 	 ���j��� � 1 �3�;2 	 ��� � � � 1 &5� � �<&;SN�;� � ! � � ��# � �<&�& � � � �;� � 2 SN��� 2
� � � 2�� �5& � � � � � � � 2 � �f� ���5� 	 � 	9� ��� �b	 � � �*� � �L9 � ��	 � �*� �:���+$ � � . =Y� ��� �F�3�;� �<&M� ���^� � � 2 � � � �
� � ��� � � � � � 1 &5� � � 	 �j& 1 � � � &<& 	9��� � �=$ � �<& ��
 � ��	 &F� � � 	 � ��� �*	�� �<���<� � $ . �g	 � 1 � ��Q . " 	 �9� 1 &(�����Z� � &
� ��� � � � 	 � ��� � �<����� 	
� �Z� 	�� � ��
�3Y� � � .

G � � ! �3�;� ��h ��	 �*& � ��� � 1 �%� 	 � ��&5� ��� � 1 � #�$ 7 1 � �($ 	 ��� �k! � �9� � ! � � !M�i& ��� � 	 ��� � � 2��
&5$�&5� � �HSX� �*� � � � 2�� �6��� 1 & ����	 ��� S 
J� �B� ���P	92�� ��� 	 +T� � ��
 � �*� � ��� � � ��2�� . ; �����5� 	 ���a� ��� � �
��� 2G	 �G��� 	 � � �<��� 	%��� �B���*� � �;Sl� ���B	 ��� � � 	 �*� �3�;� �L� � ��� 	 � 1 � & M $ . & � � 7 1 � &5� 	 ���H� ��� � 	 &5� ��

� � ��# � �<&,����� �*� � 1 �<� � ���B���=$ � � 
 � � � � ��� � � 1 &5� � � � &,� � � 2�� �;S $ . . & & � � � �;� 	 ��� 
 � � � �	� � ���
� ��� � ! ��� � � � � ���)���;�F� �:9 �F#���& �;2\� �j� ��� � � & 1 �9� 
 � � �E� � 	9��� �j� � &(� 
 1 ���6� 	�� �eSA��� 2 $ . . . &
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	 � ��� � � � �4�	��� � Q "

� �+��	 ��� 	 ��� � � ��� � �:9 �F���=$ � � . ( ��� �P� �*� � � ! ��� � � + � 2 &�� �*� � � � 2�� �X! 	 � � � 	 � 	 �U���e� � &5�
���@� ��� # � �<� � � ���=$ � �;S 	 �gh ��	 ��&:� �*� ��&<& � � 	 ��� �;2 � � 1 &5� � � .

VH� ��# � � ��� � �<&�� ���D� � � ��� 3X� � �W	 �D�'���<��� �6
 1 � �U����� � � $J� . � .P1 & � � 2�	 &<� � ��� � �6��& &L� �
	 �R��� 1 ��������� �;
 1 � �B����� � � $ 1 �T����� � 1 ��� �;2 S � . � . ! ��� � � ���'� � 2�� &5$�&5� � � �;����& ��� & & . � � �
������� �;
 1 � 2��;� ���(� 1 � � & Sg& 	 �*� � �H� � ��� � �
� � ��# � � � ��& � � � � & ��� ��& 	 # 	 � 	 � 	�� &�� � !:��� 2 & � � ��� �
�3�;� �<&;S 	 �N� ��� & 	 � � �9$f� � � ��� � ��� ��� � 1 � � 
 � � � 	 � 
J� ��� 	 ��� 	 ��&d� � 1 &5� � � � &:� � � 2*� � . W �U� ���X� � ��� �
� ��� 2 Sl��� � � 2�� � � 1 &5� + �<&5� � � � �6�F� �;� � ��� � � � ��� � � � 2�� �5& 
J� �F���9�g� � 1 &5� � �5& 	 � � !M��& # �6
J� � �f	 �
� � � ��� &M� ��� & � &<& 	�� � .
� ��2�� � � �6� 1 ������� � 1 ��� �;2V2��;� ���(� 1 � � & S 3Y� � � � � � 	�� & � � ��� ���(��# � ���<& �L9 � � ���*� � 2 �	� � ���

� ��� �;� 1 &(� � � � & �3�;� �<& . > ��� � ��� �5� � 2 � � ��# � �5&:��� � � 	9��� �^� + 9*�;2 � 	 � �b	 ��� � � � ���3# �;
J� � � # � 	 ���
� � ��& 	�2�� � �;2 2�� � 2 S����f! ��	 � � ����	 �����P� � � � 	 ������� � � 	 � � � 	 & 	 � 	 � 	 ��� � 2 . � 
 � ����
 � 	 � � 2G�3�;� �
� � ����� ��& � � # � �'� � � 2�� � Sg� ��� �<� � �B	 ��& � � 
 � 1 &(�f# � +A9C� 2 S � ��� � � ��# � �5& ��
 � ���B��	 �6� 	 � � &
� � 1 &5� � � � 1 &5� � � � �6�@� ��� � � � ����� � � � �
�Y� � � 2�� � 
 � � � �	� � ���f� ��� �U& � � ��� & .
� �f2�� ���3! 	 � � 2 $��T� � 	 �b� � ���*� � & 	 �U� �*� 1 � 2�� �<�%$ 	 ����� � �>! � � ! S �;��� �5$ �3�;� � ��� � 	���2�	 � �����%$

� ��� � ! & � ��� � � � 2�� �<& ��
 � ��� � �:9 � ��	 � ��� � � �=$ � �<& ��� 2 &5! 	 �<� ��� & �;� 1 &(� � �5& 	9
 ��� � � ��� � � � � 2�� � � ��&
�U� � ! � �Y� � &(� $J	 . � . � � ! � �X����� � ���;$ & � � ���H� ��� � 1 �<� � ��� � � � . Gb2�2*	 � 	9� �T���9�9$�S 	 �'�,� � ��� 	 � 1 � 1 &
� � � � � &<& ��
 � � + � � � � ���=S �6��� �($^� � � 2�� �@� �*� � ! & 	 ��& ��	 � ��� &5� � !M� � 2 � � 1 &5� � � 
J� �@# � �5� � �M& 1 	 � � 2
� � � 2�� �5&X��� 2 ��������& 
J� �<&Y� � � 2�� �5& ��	9�H	%
 & 1 � � � ��� � � �:9C	 &5�<& .

3Y� � � � 2�2 � � &<& � & � ��� � � & 	 � 	�� �*� � 	 &5& 1 �d��
 ��� � � � #T��& � 2 &($�&5� � �U&l� � � � 1 � � � �*�d	 ����� ��2 1 �6� 	9� �
��
 � � � � � � 2�� �<& . 4 � � � � � 2�� �5& 	 � � � �+��� � �*� � � & 	 � 	9� ��� �,��
 � �*� � 1 �9� 	 �=��&(�"��� � 1 � #�$\� ����	�2�	 ���
2�� ��� � 2*� ��� 	�� & � �G& 	 �*��� � � �C2*� &f��� 2D� � �+��	�2�	 ���P���%� � �<�T��� 	9���B� ��� � & 
J� � 2 ����� 
J� �5!N��� 2*	 ��� .
� �W� 2�2*	 � 	9� �eS��;� � ! � � ��# � �<&Y& � ��� � � ��� � � � 2�
 � � � � � &5&���� � 
J� �(!:��� 2�	 ����S�� � 1 & 	 � � � �+��	 �*�
&<�=��� ��# 	 � 	 �>$ .
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	 � ��� � � � �4�	��� � Q �

�g	 � 1 � �YQ . �BM � ��� 3X� � � � & � ����� � � ��$ . � ����+ � 1 � �X	 ��� 1 &5���<��� � & ��� !R� �*� �<� � � � � ��& 
 �Z�<� � � ! ��� �
� �+��	 ����� � !:��� 2 � ��� � ��� � . � �*	 &@��� � �F� ��&Y�f� � 1 &5� � � 2�� ��� � � ��

# .

( ��� � � 	�� � � � � � ��	 �2�
� � # 1 	 � 2 ��� � ��� �5� �=$ 
 ��� � ��� �;� S � �Z� 3X� � � � � � 	9� & � �L� � � � ����� 1 � 	 &(� 	 � & M $ � &l��	 � ��� � #T��� 2 ! 	�2 � �
2�� ��� � � � ��2�� &:& ��� 1 � 2 # ��� ����� �;2���	 � ��� � 1 ��	 �B� ��� �<� � � S $ ##& ���9� ��� � �<& � 1 &5�@& � � ��� ��&:�;� � !
� � ��# � �<& 	 � � � 2�� �f� � �B� 9*	 � 	 � � � � � 2 #T��� ����� 	 ����S ��� 2 $ " & � ��� & 	
� ����
 �;� 1 &(� � �5&�& ��� 1 � 2
	 ���;� � ��& �Y�L9C�3� � � ��� 	 �����%$���& � � � ��&5� � � 2 &N� �*� �<� � � . � ���M
J� ��� � ! 	 ��� � ���<�����<� ��� & � � �+��	�2*� � ���
� � � 	9� ��� 	�� ��&�# �;��	 � 2H� ��� �'��
 � ��� & � ��� 1 � 	 &5� 	 � & .
� �*�"�3� � � � �C2�� #T��� 2 ! 	92 � � � � ��&(����� 	 ��� 	 &N� � 	 � 	 �=��� 
J� �N#���� 2 ! 	92 � ���?2�� �U��� 2*	 ���f� ��� � 	 �=� �

� 	�� ��&@��� 2 � ���V# � &5����� �;2 ��&:� ��� � 1 ��# � � ��
 
 1 �9� � ����� � &5�<� � �	�U&M� ��� � � 	 &M��#�� � � � & 1 ����� �5� S
	 . � . 	 ��& ���'� � �'	 � ��	 	 . � $ � �5����� 	 � 	 �*� �3�;� �5&d#���& �;2B� �f� �*� 	 � � 1 � �?2�� ��� � � & � # # & S �#" � S � ��� 3Y� � �
	 ��� � � 2 & � � � � 2 1 � � � ��� #���� 2 ! 	92 � � � � ��&(���<� 	 ����& ��
 � 	 � ! & ��	 � ��� � 1 � � ��� ��� � � . ;C	 ��� � � ����� � � �
� � &5& ��
e� &(� 	 �B��� 	 ����� � � 	 � ��#*� � #���� 2 ! 	92 � �,	 & � 	 � � � � ��& 1 � 	 ����S ��� � �<& 	 � 	 � 	 �����%$Nh ��	 ��� ��� ��� � �
#T��& �;2j� � � � �*9C	 � 	 �>$ . W ��� �f	 �H� ��� �<� �;� S �6��� �($P� � � 2�� �b� ��� � ! & 	 ��& �*	 � ��� &5� � !M� �;2 � � 1 &5� � �

J� �M# � �<� � �X& 1 	 � � 2 � � � 2�� �5& 	 �H� � ���U& ��
 #T��� 2 ! 	92 � � � � � 	 � ��# 	 � 	 �>$�S���� 2 ���<����& 
J� �<&Y� � � 2�� �<& �*	��
	9
 & 1 � � � ��� � � �:9*	 &5�<& . � ��	 & � � � � � &<&U��&<& 1 � � &,� � ��� ��	 � � � 1 � �?2�� ��� � �^��� � �5&,! 	 ���:����� 2 1 �
�����%$^��&<� � � 2 � �B�*	 � ��� �X���=$ � �5& S�� � 1 &X�<�����*& 
J� ��� 	 ���,� ��� �<� �;� 	 �
� � �,#T��� 2 ! 	92 � �'��� � 	 � 	 � �;2

 ��� � ��� �;� .
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	 � ��� � � � �4�	��� � Q &

� � ����� 2�	 � 	�� �T��� 
 ��� � ��� � � & � �*� � 1 ��# � � ��
 ! 	 � � & 	 ���;� � ��& � & ��& � � � ��&<� � � 2 &g� ��� �<� �;� . 4 � � �
& 	�2*� � 	 ���,��� �+��� �5� �=$ 1 � 	 �=��&(�M� � �*� � �6� 	�� �'��&Y� �(! 	 � �	� SC� ��� � 1 ��# � � ��
 ! 	 � � & 	 � � ��� 3Y� � �
	 ���;� � ��& � &Y� � � � � �*� �X! 	 � � � ��� � � � ! & 	 � � ��& � � � � �+��� &X� � !:��� 2 � ��� � �C� ��� � ��� �B� 9*	 � 1 �
�3� &5& 	 #�� � � 1 ��# � � ��
 ! 	 � � & 	 & � � 1 &���� ��	9�;��� 2 #�$�& � �<� 	 ���"� ��� �;� � !`& 	 � �M� 7 1 ���T� � � ��� � � 1 &5� � �
& 	
�;� . � ��� & 	 � � ��
 �B�;� 1 &(� � �b���X� �=$ � � .N	 � � ��� 3Y� � �,� ��� 	�� &b# � �>! � � � % - ��� 2 # % - ) # S3��� 2
��� � !M& �L9C��� � � ��� 	 ���9�9$ $ % -($ %

- � �
� & ��&F! � � �+��� 1 � � �*� ���+$ � �5& . � ��� ) � � � ���=$ � �F� � ���)� 	 ��&

� ��� � � � 
 � �C2*� &f��� 28� ��&f� 2�� ��� � � % � ��
 " $ &<�	� � ��& 3Y	 � � ��� 2 3X� � � & . � ��� 	 ��� � � ��& � 2
� 1 ��# � � ��
 ! 	 � � & ��� � � &F� ����	�2P��	 � ��� �b� �;��� � � 	 � ! & 
 � � � # � � � � 	 ���B� ��� # � �<�<� � � � � !'��
 � ���
&5$�&5� � �HS ��&f���%� � �5�T��� �B� ��� � &�& � ��� � � ��� � � � 2 ��� 2 � � 2 1 � � � ���U
J� �5!N��� 2 � � & �3� �*& 	 # 	 � 	 �>$ ��

� ��� �H�3�;� � .

��� $ � � 2f	 ���;� � ��& 	 ���b� �*� � 1 ��# � � ��
 ! 	 � � &;S�� ���5� � � � � ! & 	
�;� &g����& �b��� � � � � 2 1 � � � �*�N2��;� � �
��
 �@��� �;��$ ! ��� ��� � � � ��� �;2 ! 	 � �L	 ��& � � ��&5������� � � 1 &5� � � � & 	 � � & � 7 1 	%� ��� � �
� & . G &��B���9� � � 2�� � � � &
� � ����&@��� � ! � �:� � �)���3� 1 ��# � � ��
 � � 2�� &5$�&5� � � ����� & ST��� 2 & ��� 1 � 2 ���<����&5� ��� ��	 ����� � 2 1 �;� 	9� �
� ��� ���F� � 2�� � � �>� � 2V2*� � �=$ .
� 	 � 1 � �FQ . � 	 ��� 1 &5�<����� � & ��� ! � �Z� 3X� � � � � ��&(��� 1 �;��&X� 
 ��� � ��� � � . � �^� �*	 &@& 	 � � � ���:9 � � � � �

% � $ # Sl& � �;� 1 &(� � �5&L&5�=��� � 1 � #�$G� 
 ���;� � � ��
 # ��&<� � � 2�	 ���'� ��� �<� �;� . 3X� � 	 � � � � ��� � ��� & �
� 	 � ! & �Z! 	 � � &F��� �f	 � 2*� � 2 $ % - � � �	� � # % - � � ) #'& � � $ % - � �	� # % - ) ##& � � ����� 	9� ��& Se��& �;��� �5$j�;� � !
� � ��# � � ��
 � ��� � �:9 � �*	 � ��� �"� �=$ � ��! 	 �9� �)��� ! � � � ��� �;� � ! � � ��# � �<& ��
 � ����	 ��� �;2�	 �Z� � �%$
� � ! � �X���=$ � � . � � �Y�;� ��� 	 �>$ 	 �H� ��� ����� ��� S � ��	 &Y& � � ��
 � 	 � ! & 	 &X� � � � � & � ��� � 2P	 �V� ��� ����� ��� #�$
% - � 	 � � & .
� � # � �<� � � 1 � 2*� �<&(�)��� 2 � ���P�3� & 	 � 	9���W���3� �6� ��
 � �Z� 3X� � ��� & �*� 1 � 	 &5� 	 �;& SX! � & �*� ! ���

	 ��&(�)����� 	 ��� 	9� � ��
 � �*� �_! 	 � � � ����� 1 � ��� 	�� � ��
 # ) � )#)#) ��� � �<& 
 � � � � ����� 1 � ��� � � � � 	 � � ���	� � . �

� � # � � 	 �eS�� � � � & � � � � �<��� 	 � � � ��� � � ��� �;� � ��
 ���'� � �'	 � ��	 	 .�� �*�:� 1 � �>2�� ��� �;�@��
 � �3�;� �;S %��	��
?S
	 & � 7 1 	9� ��� � ��� � � � ��� � � �)��� 
J� �5!N��� 2�	 ���'� � & �3� �*& 	 # 	 � 	 �>$ ��
 �'� ��2�� Sg��� 28	 � � ���8# � &(�)��� � 2

� 56,7���2�7'f ��*�cL#���%�%�*��?��	���7���%� ��,7�D
�L#����V���?��	?7�7)B

�%�K�	���;�-8�?�)�
 A	�&�O�^����
���������������������� �d
�� �	�7)K���7���$��L*L#�&�
I0
-'����
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	 � ��� � � � �4�	��� � Q �

� ��#*� ��Q . �,M 4N� 1 &(� � ����� 2 4N� � ! ;C	 � � ��&�� 
 1 �*�;� 	9� � ��
 � ��� � � 1 &5� � � 2�� ��� �;� %TS 
J� �b� # ) S )')#)
�3�;� � ����� 1 � ��� 	�� � . � ��� � ��� 	 ��#�� ���j	 &X� � ����� � ��� � 2�� � 
J� �M� ��� � � 1 &5� � � 	 � 2��L9 &(�)���(� 	 �*�B��� )

J� �:� ��� � � ! � &(�Y� �=$ � � .

� � � � � � � � 4N� 1 &5� � � ;C	 � ��� $�� & 4N� � ! ;C	
�;� � $�� &
3Y	 � � % �	� � " % � � % $ " M " � �	� Q �
3Y� � � % �	� � " % � � % $ " M " � �	� Q "
� ��� 3X� � � %�� � � �	� � # %�� � � ) # % $ " � ��$ �FM 5 � �	� # ) � $�� &

��& � 
 1 ���;� 	�� � ��
 � ��� � 1 ��# � � ��
 � �=$ � �<& O_	 �W! ��	 � � � �*� � �C2���� ���5� 	 � 	9� ��� � & Se� ��� � � 1 &5� � �
& 	
�;��� $�� & ��� 2 � �*� � � � !_& 	
�;� � $�� & ���@���+$ � � � $ � 7 1 ��� 	�� � $ Q . � & & . � ��#�� �"Q . � 	 ��� 1 &5���<��� � &�� ���
� ����� � � � � � � ��� 1 � & 
J� � � ��� 3X� � � ��� 2 �>! � ���9� � �<�T�Z� 	9���"� � � � � � � �9& .

% � � 
 $ 	�
 ��
��
 �

� $�� & � �
� $�� &

$ Q . � &

3Y	 � � ��� 2 3X� � �,� � ��� S 	 � �:9*��� �6�)��� 	�� �0S & � & � �C2*� & �3� �X�;� 1 &(� � �b��� �;��� �5$V� �=$ � � . > & 	 ���
� ��	 & � ��� 1 � ��&N���^� ��� � �-9*	 �B�Z� 	�� � 
J� �d� ��� � � 1 &5� � �N& 	
� � S��L�<��� 2�	 � 	9� �T�����<� � �X
J� ��� ��	 & �3��� 1 � � �
� 	�� �U& 	
� � ! 	 �9�T# � ��# � 1 � - � �=$ � �<& 	 � 2�� � � � . � ��� 3Y� � � S � �B� ���Y� � ��� � � ��� 2 S � ��&:� � ��� 	 ��#�� �
�L9C�3� �;� � 2 � 1 �L# � � ��
 � ��2�� & ��� �@�;� 1 &(� � �;S ��� 2H	 �<& �L9C�3� �;� � 2 �<� � �F2��;� � �H	 & � ���+$ � �5& .

� ��& �;2�� � � ���N�:9C�3� �;� �;2f2�� � � ����
 � ����2�	��3� � � ���l��� �;� & 
J� �A� ��	 & �:9 � � � � ������� 1 � ��� 	�� �eS+� ���
� 1 � �?2�� ��� � � � � 7 1 	 � � � � ���<& � ��� ���;	 � � �C� � � �C2*� & �=����# � �=���9� 1 ����� �;2 . G � � � � 2*	 ���"� � � ��� � � � �
� ����� 	
�;� 2^� 1 � �>2�� ��� �;�F� 7 1 ��� 	�� � 	 ���<� ��2 1 � �;2V	 ��� ���F� � �;��	�� 1 & � ����������� ��� $ �37 1 �Z� 	�� � $ Q . � & & S
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