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//POS Object IDL example�
module POS {�
typedef string Barcode;��
interface InputMedia {�

typedef string OperatorCmd;�
void barcode_input(in Barcode item);�
void keypad_input(in OperatorCmd cmd);�

};�
};���
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long
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−231 . . . 231 − 1

mJ~�z
unsigned long
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struct Person {
string name;
short age;

};

union Result switch(long) {
case 1 : ResultDataType r;
default : ErrorDataType e;

};

enum Color { red, green, blue };

typedef sequence<Person> People;

�µõQ÷+ò{ø��ú�ó{ò�ö ó=ú�õ®þEò���õ�ò�ú=÷3÷¨ø3ÿ��Eù!÷¨ò�ö��AùEõ�û%ÿ���ò��Qú��Qú ÿ�õQ÷¨ò{ø���ú£ó{ò�ö��¹ý��Eù!÷÷���ò�ö+ò�ú�ø,ò���ùEö3÷�ö���ô±ø�÷��¢úJõ�þ��Aô±ø�ñ¢ú�ÿ%ø¼ö¥ô�����ò¹÷ ��ô³þ}þEò���õ�ÿ¦÷¨ÿ4ôõEö!	
attribute long value;

→

long _get_value();
void _set_value(in long v);
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k�lnmbo�prq�stvuwxo�t yfz�{Rz�o�prq�stvuwxo�t
module package

interface interface | o�}~zJs�s���s
constant public static final
boolean boolean

char � wchar char
octet byte

string � wstring java.lang.String
short short

unsigned short short
long long

unsigned long long
float float
double double

enum � struct � union class
sequence � array array

exception class
readonly attribute � �=z����z�o�o���s.s pru�����t��xp��

attribute � �=z�� ��� u4��t ���z�o�o���s�s pru�����t��xp���s
operation � ��t��xp��
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out

zJqx�
inout � z�uvzJ����t ��u4sL�

t��x��s �\o�p�qRt�z���qbz �N��}��¡z ��� u4p � u4�*z=t �¢t p�t��x�nt:£ � �\p��Pt �x�
� z�u z��¤��tv��u
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checkPermission(

new RuntimePermission(
"loadLibrary."+lib));

ä 1 � ����þ2�5ý3��þ � �4 ����� checkPermission �
	 � 	 ��� �[ÿ��+/ � ÿ4ý��5 �
	mÿ��)��6 � �
	Uþ � ��6�	7�Eÿ � ��ý&�(ÿ �98 ÿ  ;:<��� ��6�	=	 � �(ÿ>��ý3�(ÿ �98 ÿ��*�
� �?�
ý � ÿ9�4��� �  �-� ����/8ý3�@�)� � getSecurityContext �A��B� ��� ���_þ
ÿ ��� � � �
 � ý3� �?��� � ��$ ý $ �A�-ý@ÿ ��� 	C��ý3�(ÿ �98 ÿ

ä D � 	 � ��þ;þ���ý&��þC�*�
� �E�F� 	��A�(ÿ � ,���G� 5 ý � ��� �  �IH ���Eÿ���ý&� HJ�)� � 5 �#þ;þ � 
ÿ4ý2ÿ ���LK
M ü ý3�6ÿ ��� ��ý �N� �A�� � ��� ��O �Eÿ �
-Djava.security.policy=

HJ��� �(� �P�
grant {
permission java.net.SocketPermission

"*:1024-65535", "connect,accept";
};

http://java.sun.com/products/javase/6/docs/
technotes/guides/security/guide/security/
index.html
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int socket(int domain, int type, int protocol);

¨ �-��©]��ª��>£«¤*¬�®¬��
�>-���>¯&°�°W°
PF_UNIX, PF_LOCAL Local communication unix(7)
PF_INET IPv4 Internet protocols ip(7)
PF_INET6 IPv6 Internet protocols
PF_IPX IPX - Novell protocols
PF_NETLINK Kernel user interface device netlink(7)
PF_X25 ITU-T X.25 / ISO-8208 protocol x25(7)
PF_AX25 Amateur radio AX.25 protocol
PF_ATMPVC Access to raw ATM PVCs
PF_APPLETALK Appletalk ddp(7)
PF_PACKET Low level packet interface packet(7)
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SOCK_STREAM
Provides sequenced, reliable, two-way, connection
based byte streams. An out-of-band data
transmission mechanism may be supported.

SOCK_DGRAM
Supports datagrams (connectionless, unreliable
messages of a fixed maximum length).

SOCK_SEQPACKET
Provides a sequenced, reliable, two-way
connection-based data transmission path for
datagrams of fixed maximum length; a consumer
is required to read an entire packet with each
read system call.

SOCK_RAW
Provides raw network protocol access.

SOCK_RDM
Provides a reliable datagram layer that does
not guarantee ordering.

SOCK_PACKET
Obsolete and should not be used in new programs.
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import java.net.*;

public class Send {
public static void main (String args[]) {

try {
DatagramSocket s = new DatagramSocket ();
byte[] b = new byte[1024];
int i;

for (i = 0; i < args.length - 2; i ++)
b[i] = Byte.parseByte (args[2 + i]);

DatagramPacket p = new DatagramPacket (
b, i,
InetAddress.getByName (args[0]),
Integer.parseInt (args[1]));

s.send(p);

} catch (Exception e) {
System.out.println("Caught " + e);

}
}

}
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import java.net.*;

public class Recv {
public static void main (String args[]) {

try {
DatagramSocket s = new DatagramSocket ();
byte[] b = new byte[1024];
DatagramPacket p =

new DatagramPacket (b, 1024);

System.out.println("Port: " +
s.getLocalPort());

s.receive(p);

for (int i = 0; i < p.getLength (); i ++)
System.out.print ("" + b[i] + " ");

System.out.println ("\nFrom: " +
p.getAddress () + ":" + p.getPort ());

} catch (Exception e) {
System.out.println("Caught " + e);

}
}

}
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import java.net.*;
import java.io.*;

public class TCPSend {
public static void main (String args[]) {

try {
Socket s = new Socket (

InetAddress.getByName (args[0]),
Integer.parseInt (args[1]));

OutputStream os = s.getOutputStream ();

while (true) {
int i = System.in.read();
os.write(i);

}

} catch (Exception e) {
System.out.println("Caught " + e);

}
}

}
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import java.net.*;
import java.io.*;

public class TCPRecv {
public static void main (String args[]) {

try {
ServerSocket serv = new ServerSocket (0);
System.out.println ("Port: " +

serv.getLocalPort ());
Socket s = serv.accept ();
System.out.println ("Remote addr: " +

s.getInetAddress());
System.out.println ("Remote port: " +

s.getPort());
InputStream is = s.getInputStream ();
while (true) {

int i = is.read ();
if (i == -1) break;
System.out.write (i);

}
} catch (Exception e) {
System.out.println("Caught " + e);

}
}

}
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®Ï¿�¶«À9É$³�·9·�¿Ð³`¸"°ÇÅR¹Ñ°ÇÅ�Ò�¼�Â«·EÆÓÈÔ°e°²±)¶Ô°ÇÉºÄ�°ÇÆÕÄ"¼Öµ×³�¾ ³1Ø¦°¨µ/Â«·�Ä"ÀÃ¶«·9°
ÉÇ·EÀE°�¾»Ä�¸

ÙÚ¼-ÀÃ¾'Ø#¸"¼Û°ÝÜ#ÉÇÀ9°�¾ÑÄ"·�¿�É$³�¾�ÈË°½³Þ¶«Å%¼-È«·E°�µ À�Ê¤Ä"¯«°ÇÅ%°`³0Å%°e·9¼�Ä�¸Ì¼�ÊCÉÇ·EÀ9°�¾ÑÄ�¸ Î
ä ß ¼�Â«·9ÆÁ¯ ³º¹»°½¼�¾«°¢Ä"¯«Å%°$³0Æ�¶Ë°ÇÅ�ÉÇ·EÀ9°�¾ÑÄ Î

4 ß ³�¾à°²±5¶«·9¼-À�ÄÚµ/Â«·�Ä�ÀâáO¶«Å%¼ãÉÇ°�¸�¸"¼-Å�¯ ³�Å�Æ�Ò�³0Å%°
8 ä ³1¾Ñ¿à³�ÉºÄ"À�¹Ñ°åÉÇ·EÀE°�¾»Ä�¸

⇒
ÊAÅ%°Çæ»Â«°�¾ÑÄÌÉÇ¼�¾»Ä"°²±ãÄÚ¸�ÒÚÀ�Ä�É�¯«°�¸

8
®�¯«°åç�è ä é,ê Â'¸�Â ³0·E·�¿ëÄ�¯«°`ìeí'î!µ/Â'¸�Ä�µ×³0ÀÃ¾ÑÄº³�ÀÃ¾à¸�Äº³�Ä"°eÊP¼-ÅÌ³�·9·
ÉÇ·EÀ9°�¾ÑÄ�¸ Í Ò�¯«°ºÄ"¯«°ÇÅÚ³0ÉºÄ"À�¹»°½¼-Å�¾«¼�Ä

ä ß ¼�Â«·9ÆÁ¯ ³º¹»°`³`¸"ÀÃ¾'Øï·E°eÄ�¯«Å%°$³0ÆëÒ�¯«À9É�¯Ó¸"°ÇÅR¹5À9ÉÇ°�¸�°$³0É�¯ÓÉÇ·EÀ9°�¾ÑÄÌÀÃ¾
Ä�Â«Å�¾ Î
4

í�ÀÃµ#¶«·E° Í ³º¹»¼-À9Æ)¸ÌÉÇ¼�¾ÑÄ�°²±ãÄ�¸%Ò�À�Ä"É�¯«ÀE¾'Ø
8 ð ¼�ñòÒ�³�À�Ä�ÊA¼-ÅÌ³1¾Ñ¿�ÀE¾'¶'Â5Ä�¸%Ä"Å�°$³1µàó'¼-¶Ë°ÇÅ"³�Ä�ÀE¼-¾àÀÃ¾Öô�³º¹Ñ³ é ÉÝÊ

select
ÀÃ¾öõ ðÚ÷�ø î Î µ`Â'¸%Ä�¶Ë¼¦·E·&°$³�É�¯ÓÉÇ·9ÀE°�¾ÑÄ�Ò�¯«°ºÄ"¯«°ÇÅ

¾«°Ç°ÇÆ'°ÇÆÁ¼-Å�¾«¼�Ä
ä

®�¯«°
javo.nio

¶ ³�Éúù-³�Ø¦°e¾«¼ûÒ ¸�Â'¶'¶Ë¼-ÅüÄ�¸ý³1¸%¿�¾«É�¯«Å�¼�¾«¼�Â'¸ ÷Rþ ì

ÿ����������	��
������������������������������������ �!����"#��� ��$	�	�%'&)(+*-,
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;=<?> @ A�BDC�EGFIHKJ�FML�L
UDPSender NPO B�H O L�ERQTSULVFIL�EKA�B�ERLPWYX[ZV\^]

_ FMHa`bEcC%LdC�WeFfL _ EKHKBhg'EKSiFMS9S9A�ERL�LjFkQTS _ WlA#C^FmCVA�ERnpoTJ+FMAq>=;IL%EKHKWpQTS
BrQsCaEKA#tsFMJ�L=uv@ A�BDCaEGFfHKWlA�A�ERL _ WwQTS9B�Q9n

UDPReceiver NxO B�H OA�EKHKEKBDtyERLdL%oTH O _ FYHa`lEcC�L^FkQTSzA�EKHKWlA�SULdC O E{B�QsC�EKA#<8FMA�A�BDtsFYJ|C�Br}~Elu
� W N S9W�ERL�C O E _ EKA�X�WpA8}�FkQTHKE{S9Br��EKA�BhX���Bm� ��WYC O _ A�WwnlAaFk}�LVA8o9Q
WwQ�C O E�L?Fk}~E{HKWw} _ o�C�EKAK�|�-B�Bm� ��WYC O A�o9Q�WwQ�HKWw} _ o�C�EKA�L�WwQ�C O E
Z�QTBDtyEKA8L�BDC���QTEcC N WlA8`�WpAq��B�B�Bm� WwQTE{A8o9Q9LPWwQ�C O EfZ�QTBhtsEKA8L�BDC��
QTEcC N WpA�`zFkQTS�FkQTWMC O EKAdWpQ�F O Wp}�E{WlA�HKWpJ�J�ERnbE�@ B+��B�B�QsC�EKA�QTEcC
HKWwQ9QTEKHcC�B�WwQ:u�\PWI�sWpo�L%EKE _ FYHa`lEcC�LdC O FmC^FMA�E{J�WpL8C��TSUo _ J�B�H�F�C�EKS�WlA
A�E?<�WpA�S9EKA�EKS���\�WfC O E _ FYHa`lEcC�L^FMA�A�BDtyE2A�ERnloTJ�FYA�JD��L _ FMHKEKS��

;=<8� @ A�BDC�E�L�Br}~B�J+FMAxHKJ�FML�L�ERL
TCPSender

FkQTS
TCPReceiver

NxO B�H O ERL8CcFk�TJ�B�L O Ff���d] HKWpQ9QTEKHcC�B�WwQiW=tsEKA NxO B�H O L�BrQ9nlJ�E{�s��CaERL
FMA�E�L�ERQsC^FmC�>=;IL%EKHKWpQTSzBrQsCaEKA#tsFMJ�L=u � W N S9W�ERL�C O E _ EKA8X!WpA�}0FMQTHKE
HKWw} _ FMA�E N BDC O C O E�ZV\^] B�} _ J�ER}�ERQsCcFmCaB�WwQ:u� )LPBDCxQTEKHKERL%L?FMA#�¡C�W
H�FMJ�J

flush
WwQ�C O E

OutputStream
F�X¢C�EKAdL%ERQTS9B�Q9n�E�FYH O�s��C�E��

;=<�£ ��WwQ9L�B�S9EKAVF�L�EKA#tyEKA�X�WpAVF�QTWwo9n O C%L8<8FkQTS�<�HKA�WwL%L%ERL¤nyFk}~Eluv� O EjC N W
_ J�F¥�sEKA8L�HKWp}¦}fo9QTB�H�F�C�E N BDC O BDCVWKtyEKAVZV\^]�u§\PERL�HKA�B���EGF _ WwL%L%B��TJ�E
L8CaA8oTHcC%oTA�E�X!WlA¨C O E�L%EKA�tsEKA�©0BrQ�CaEKA8}�L�WYX�C O E�}0F�ª�WlAdS�F�C?F
L8CaA8oTHcC%oTA�ERL=��C O E�C O A�E�FYSULdo9L�EKS|��C O E^X!WlA8}�FmCVWYX�C O E{S�FmC?FMnlAaFk}�L
L%ERQsCjFkQTS¡C O E{HKWwQTHRoTA�A�ERQTHc�y<�HKWwQyC�A�WlJ|C�EKH O QTB�«yoTERLmu

¬��®�¯�°�	±�²�¯�³�´�µ�¶�®�¯�³�·�®�¸�¹�´�º�°�¸�¹�®�¸ »!¯��¼#¹�® µ�½		´%³'¾)¿+À)¾
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ËÐÇ�ÂÒÑ{Ó�Ô�Æ^Õ Ö�Â�Ä�Å§Æ{Ç�Â

ä ×VØjÙ�ÚUÛKÜpÝ9ÝTÞKÛcß�à�ÜpÝTá�ÞRâ%â=ãTä9ÝTå�ÞKá�à�æMçTá�Þ
ä èPédÙ�ÚUÛKÜpÝ9ÝTÞKÛcß�à�ÜpÝ�ê�Üpå�à�ÞRÝsßaÞKë|ã�å�ÞKá�à+ækçTá�Þ

ì ÑPÂ�ÇbÑ{Ó�ÂÒí Ôïî�Å�ð{Ó�Õ Ö�Â�Ä§Å§Æ{Ç�Â

ä ñbæ¥òsæ¦ó�ÞRô~ÜMß�ÞfõzÞcß�öTÜ�ëÐ÷)ÝsòsÜ�Û�æ�ß�à�ÜwÝ ø ó�õi÷#ù

ú�û�ü�ý�þ�û	ÿ���ý������	��ü�ý���
�ü��������þ����ü����!ý�û����ü ���	û����������
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576�8:9<;=5?>A@ BDCFE,GF@ 8IH7JFKL6,9�MONOMP6�6QKRCTSUHVB

ä
>,MONO8XW<MZY�B[J H�B\C	MP]�C	MP6�MP9^H?W_K`HaKcb'MO8:9<;d6/MP9eH3B[f^MOCgH/Y�M*9�MaH�J1BhCjilk
MO8mH/Y�MOC7])KRNVi�8:9<;l8mH38:9^HVBnKoC	CVKaS�6?Bqp�b^SrHVMP6ts�8:9uK
DatagramPacket v BDCgJ,C�8mH�8w9<;l8mH?8:9^HVBlKR9uxzy{H/]<y{HQ|eHVC	M}KR~
s�y<6�8:9<;UK

Socket v
ä

576/M�K�C�K}H/Y�MOCF8:9��&MQ��8wb��wM�9)KR~\8w9<;�6	S�6jHVMP~ HVBd8XW<MP9^H�8:p�S�6�MOC�feMOCj67k
y<]�W_K}H�MP67H�B�H/Y�Mc>A�3|n~nK�S=b'M�W<8I��NPy��mH}�_KoNONOMP6�6�H�BlKc6/]'MONO8I�&N
]�BhC�H,9ry<~cb�MOC7~nK�S=9�BoHzKR�IJ�K�S�6?b'MA]'Bq6/6/8wb��wM

ä
>,8w6jHVC	8:b<y{HVMAH/Y�M�NOB�W<MZH�BnKR�w��Bop�H/Y�M�6	S�6	H�MP~\6F8w9^f^Bh�mf^MOW�KL9�W
MP9<6�y�C�MZH/Y)K`H?8mH3C	MP~UKR8w9<6,NOBD9<6/8w6jHVMP9^H

ä
>,M}Ko��J,8IH/Y�p�KR8w�wy�C	MP6cs�Mh��;<��H/Y�M�C�MP~\BoH�M�~UKRN�Y�8:9�M�NOC�KR6�Y�8w9<;ck
6/BD~\MaH�Y�8:9<;lKn��C�MO�w8�KLb��wMh��]�C�BRH�B�NOBD���w8wihM E3G�@ N}KR9<9�BRH3~nKR6�i v

¡^Kaf^K�¢3£¥¤%]�C	MP6�MP9^H�6zKcY�8:;hY�MOC��XMaf^MO��8:9^HVMOCTp¦KoNOM*H/Y)K}HZKoW<W<C	MP6/6/MP6F6�Bq~�M
Bop�H/Y�MP6�M NOBq9�NOMOC	9<6[�

ä § �mH�Y�Bqy<;DY¨8mH?8:6,C	MP~�BRH�M*~�MaH/Y�B�W�8:9^feBrN}K`HV8wBq9��<H�Y�M*]�C	8w9�NO8:]��wMP6ZKoC	M
H/Y�M*6QKL~�M KR6Fp�BDCFC	MP~�BRHVM*]�C	BrNOMOW�y�C�M�N}KR�w�©s�¢,@©G v 6jS�6	H�MP~\6

ª{«�¬X�®X«�¯�°��±�²�³	´	¬w�±�µ¶¬�·�¸�²�¹}®�·�¸�¬�·�º��«�»�¸�¬ ³�¼�«�²�±�½�¾w¿
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12
4

3
1

client server

registry

shared classes

ÏqÐ Ñ Ò/ÓOÔTÕ^ÓOÔFÔ	ÓPÖØ×:Ò	Ù�ÓOÔjÒAÚ�Ô	Ó�Û�ÓOÔ�ÓPÜ�ÝOÓZÙ�ÞnÚcÔ�ÓPß\ÞoÙ�Ó ÞDà{áTÓOÝaÙFâ,×IÙ/ãäÙ�ã�Ó
Ô	ÓPÖh×wÒjÙVÔ�å æ�Úcà)ÚLÒ�×wÝ�Ü)ÚRß\Ó*Ò�ÓOÔ�Õ{×XÝOÓ}ç�ÚRÜ�è�è<ÓPé'ÞqÒ�×mÙ/ÒZÚRÒ�Ò�ÞrÝO×�Ú}Ù�ÓOè
.class ê&ë ÓPÒF×wÜuÚcÒ/ã)ÚRÔ�ÓOè ë ÞrÝ}Ú}Ù�×XÞqÜ�ì<Ù/ã�Ótí3î¨ïðÝOÞrè<ÓPà)ÚLÒ�Ó

ñ�Ð Ñ Ý ë ×XÓPÜ^Ù3òró�ÓOÔ	×wÓPÒ7Ù/ã�Ó�Ô�ÓPÖh×wÒjÙVÔ�åäÙ�ÞdÞqà{ÙQÚo×:Ü ÚcÔ	Ó�Û�ÓOÔ	ÓPÜ�ÝOÓZÙ�ÞnÚ
Ô	ÓPß�ÞRÙ�Ó�ÞDà{áTÓOÝaÙ

ô�Ð ï�Û�Ù�ã�ÓaåõÚRÔ�Ó�Ü�ÞRÙ?è<×wÔ�ÓOÝaÙ ë å¥Ú�ÕØÚo× ë ÚLà ë Óhì<Ù�ã�Ó�Ý ë ×XÓPÜ^Ù3ÞDà{ÙQÚo×:Ü<Ò�Ù/ã�Ó
.class ê&ë ÓPÒ�Ü�ÓOÓOè<ÓOèUÙVÞlÚoÝOÝOÓPÒ�Ò7Ù/ã�Ó Ô�ÓPß\ÞoÙ�Ó�ÞDà{áTÓOÝaÙö Ð ÷gã�Ó�Ý ë ×XÓPÜ^Ù3ßnÚRøhÓPÒzÚLÜùí3î¨ï%Ý}Ú ëwë Ù�ÞúÙ/ã�Ó�Ô	ÓPß�ÞRÙVÓ�Þqà�áTÓOÝaÙ

÷gã�Ó�Ô�ÓPÖh×wÒjÙVÔ	×wÓPÒ�ÚRÝaÙzÚRÒZÚtÜ)ÚLß�ÓAÒ/ÓOÔTÕ{×wÝOÓhì�â3×mÙ/ã¥Ü)ÚLß�ÓPÒ�ÞoÛ�Ù/ã�ÓAÛ�ÞhÔjß
rmi://linux2.pwf.cl.cam.ac.uk/smh22/myexample

û{ü�ýXþ�ÿXü�����þ����	��
	ýwþ����¶ý�������}ÿ����ý����þ�ü�����ý ����ü�������� �
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<	=?>�=?@BADCEAF>HGI=KJ�LM>�ANG�O�PQC1GR=S>�A,TUANJ�AF>E=?PVPXWMY+=KG1G1AFL[Z\W]@^=?_a` JbTcLbAFANY
dFe Y�`VANGgfih�ANJMY+=KG1G�AFL e >i>�ADC1O�>�J�AFL eFj AF>lk5mon

ä
`qprAUp dFe YsWt` JbTBY�> eud AFAFLvG.>�A d O�>�G1` j AFPQW e J]C1h�A e ZvwxA d C5Y+=KG1G1AFLzy
e ZtwHA d C1G5>�A9= d h+=KZ�PVA,{|> e @ C�h+=}ClADC dB~ ⇒ CD=K_�A d =?>�ARC e >�AFLvO d A
Y+=?>�=?@BADCEAF>�G�` ��ANG��

ä � h�A,G�C�>HO d C�O�>�A e { e ZvwxA d C5TU>�=?YbhbG5` G.Y�>�ANG�AF> j AFL��^AUprTbp�L�=}C�=
GHCE>HO d C1O�>�ANG.@^=�W�Z)A d W d P�` d

ä
k3AN@ e CEA e ZvwxA d C1GI=?>�A,Y+=KG1G1AFL�Z\W]>�A�{�AF>�ANJ d A�=KJ�L[G e Z e C1h d =SP�P�AF>
=KJ�L d =?PVP�AFAIf5`�P�P�`�J\C�AF>E= d C.f.`QC1h[C�h�A,G�=?@BA�>�AN@ e C�A e ZvwxA d Cl`Q{�=
>�A�{|AF>�ANJ d AIC e `XC.`�G.Y+=KG1G1AFL e >g>�ADC1O�>HJ�AFL

� e C�ARC�h+=}CR��= j = e J�PXW�G1ObYbY e >xC1G5>�AN@ e CEA,@BADC�h e LM` J jseud =}CE` e J]�
d h+=?JbTUANGgC e�� AFP�LvG.@�ObGHCgZ)A,@�=?LbARObG�` JbT

get � set @cADC1h e LvG
� C1h�AF>lk.<�� GHW�G�C�AN@BGi@^=?_UA�Lb`Q��AF>�ANJ\C d h e ` d ANG}�

ä
<�AF>H{ e >�@ =�G�h+=SP�P e f dFe YsW�=KJ�L�CE>�A9=}C e C1h�AF> e ZtwxA d C�Gl>�A9= d h+=KZ�PVA
{|> e @ C�h+=}CR=KG.>�AN@ e C�A�L�=}C�= ~ =?Gl=?Z eFj AUytf e O�PVLMZ)ARh+=?>�L[C e` @BY�P�AN@cANJ\Ci` J��\= j =�� e > dFe Y\W�C1h�AN@ `�J d >�AN@cANJ\C�=SP�PQW

ä   @�O�P�=9C�A¢¡£Y+=?G�G.Z\W[>�A�{|AF>�ANJ d AU¤vZ\W]Y+=KG1G1`�JbT¥Z+= d _[=KJsW d h+=?JbTUANG
f.`XC�h[C1h�A,@cADC1h e L]>�ANG�O�PQC1G ~ f.h+=}C,=KZ e OtC dFe J d O�>�>�ANJ\ClObY)L�=}CEANG�¦?�

§t¨�©Vª�«V¨�¬��ª�®�¯	°�±�©�ª�®�²³©�´�µ�¯�¶9«�´�µ�©�´�·|ª�¨�¸�µ�© °�¹�¨�¯�®�º�»Q¼
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ÄÆÅ Ç È�ÉXÊ�Ë�Ì?Í�É Í\ÊEËFÈxÎÏÌSÐFË,ÊEÑÓÒbË�Ô�Í�ËIÊ1Õ�Ë�Ñ�Ö)ËFÈ�Ì}ÊEÉ�Ñ�Íb×iÊ�Ñ�Ø)Ë�Ë�ÙtÖ)Ñ�×1ËFÒ[Ø\Ú
Ê1Õ�ËÜÛ5ÝoÞß×�ËFÈ�àsËFÈNÅ
· á Õ�É�×5É Í\ÊEËFÈxÎÏÌSÐFË�â�ãb×HÊ5Ë�ÙaÊ�ËNÍ�ÒoÌ¢×�Ö)ËFÐFÉäÌ?åæÉ Í\ÊEËFÈxÎÏÌSÐFËçÐ9Ì?åVå�ËFÒ
java.rmi.Remote

Å
· è åVåzÈ�ËNâBÑSÊ�Ë,âcËDÊ1Õ�ÑuÒv×iâ�ãb×HÊgÊ1Õ�È�Ñ�é

RemoteException
Å

·

ÞqÊ.É�×.ÐFÑ�â¥âcÑÆÍ�ÊEÑêÌSÒbÒoÌ
static final

Ô(ËFå�Ò�Ê�Ñ¢Ê1Õ�Ë
É ÍsÊ�ËFÈxÎëÌ?ÐFËUì(ÒbËFÐFå�ÌSÈ�É Íbí¥Ê�Õ�Ë

String
Í+Ì?âBËIé;Ë�É ÍsÊ�ËNÍ�Ò]ÊEÑ�ãb×�Ë

é.ÉQÊ1Õ[Ê�Õ�ËÜÛ5ÝîÞ3Û;ËNíUÉ�×HÊEÈ�Ú�ï�ÖbãtÊ�Ê�É ÍbíÓÊ1Õ�Ë,Í+Ì?âBË�É�Í]Ê1Õ�Ë,×1Õ+Ì?È�ËFÒ
É ÍsÊ�ËFÈxÎëÌ?ÐFË�ËNÍb×1ã�È�ËN×�Ê1Õ+Ì9ÊgÊ�Õ�Ë�ÐFå�ÉVËNÍ\ÊIÌ?Í�Ò�Ê1Õ�Ë,×�ËFÈ�àsËFÈ�ãb×�ËIÊ1Õ�Ë
×�ÌKâcË,Í+ÌKâcËUÅ

ðaÅ á Õ�Ë
.class

Ô(å�Ë,í�ËNÍ�ËFÈ�Ì}ÊEËFÒMØ\Ú]ÐFÑ�â¥Ö�ÉVå�É�Íbí�Ê�Õ�Ë�É Í\ÊEËFÈxÎÏÌSÐFË
×�Õ�Ñ�ã�å�Ò[Ø)Ë,Ö�å�ÌSÐFËFÒMÉ Í]Ê1Õ�ËÜÛ5ÝoÞ�ÐFÑuÒbËNØ+ÌK×�Ë,×1ÑBÉXÊlÉ ×ñÌ�à�ÌSÉ�åäÌKØ�å�Ë�Ê�Ñ
Ê1Õ�Ë,×�ËFÈ�à\ËFÈlÌKÍ�Ò�ÊEÑ¢Ê�Õ�Ë�ÐFå�ÉVËNÍ\ÊIÌ?ÖbÖ�å�ÉVÐ9Ì}Ê�ÉVÑÆÍb×}Å

ò�Å Ç È�ÉXÊ�ËIÊ�Õ�Ë,×1ËFÈxà\ËFÈgÖ�È�Ñ�íUÈ�Ì?â�ìvé.Õ�É�ÐEÕ]é5É�å�å�ÐFÑ�Í\Ê�ÌSÉ ÍóÌ�ÐFå�Ì?×�×
É âBÖ�å�ËNâcËNÍ\Ê�É�Íbí¢Ê1Õ�Ë�É�Í\Ê�ËFÈHÎÏÌ?ÐFËUÅ á Õ�É ×5É âBÖ�å�ËNâcËNÍ\Ê�Ì9Ê�ÉVÑÆÍîÐFåäÌK×1×�é5É�åVå
Ë�ÙvÉ ×�Ê.Ñ�Í�åXÚîÌ9ÊgÊ�Õ�Ë,×1ËFÈxà\ËFÈiËNÍ�ÒzÅ á Õ�ËÜÛ.ÝoÞ'âBËFÐ�Õ+ÌKÍ�É ×1â é.É�åVå$ÌSå�åVÑFé
ÐFå�É�ËNÍsÊIÌ?ÖbÖ�å�É�Ð9Ì9Ê�ÉVÑÆÍb×iÊ�Ñ¥×�ËNÍ�ÒMÈ�ËFôsã�ËN×�Ê1×�Ê�ÑBÑÆØvõxËFÐDÊ1×5É ÍoÑÆã�È;×�ËFÈ�àsËFÈNÅ

ö Å á Õ�Ë,×�ËFÈ�à\ËFÈF÷�×.â�Ì?É Í�È�ÑÆãtÊEÉ Í�Ë�×1Õ�ÑÆã�åVÒ�É Íb×�Ê�Ì?Í\Ê�ÉäÌ}Ê�ËçÊ1Õ�Ë
É âBÖ�å�ËNâcËNÍ\Ê�Ì9Ê�É�Ñ�ÍîÐFå�Ì?×�×}ì�È�ËNíUÉ�×HÊEËFÈ.ÉXÊié.ÉXÊ�Õ[Ê1Õ�ËÜÛ5ÝoÞøÛ3ËNí�É ×�Ê�ÈxÚ
ãb×1É�Íbí¢Ê1Õ�Ë

String
Í+Ì?âBËIÎ|È�ÑÆâ Ê1Õ�Ë�É�Í\Ê�ËFÈHÎÏÌ?ÐFËUÅ

· á Õ�Ë,×�ËFÈ�àsËFÈ�×1Õ�ÑÆã�åVÒ�ËNÍ\ÊEËFÈ5Ì?Í�ËNÍ�Òbå�ËN×1×iåVÑuÑÆÖæìbÖ)ËFÈ�É�ÑaÒbÉ�Ð9Ì?åVåXÚ
È�Ë�ù�È�ËNíUÉ�×HÊEËFÈ�É ÍbíBé5ÉXÊ�Õ[Ê1Õ�ËÜÛ5ÝoÞúÛ;ËNí�É ×�Ê�È�ÚsÅ

ûaÅ Ç È�ÉXÊ�ËIÊ�Õ�Ë�ÐFå�ÉVËNÍ\Ê}ÅNÅNÅ

ütý�þVÿ��Vý�����ÿ����
	���þ�ÿ���³þ���������������þ����|ÿ�ý�����þ 	���ý������ �"!
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ä 13254�6�7�8:9<;:=
>�8:?"?A@B25C new 6D;ECF7G6H8I2J@B254�6K8I2�>L7M;N=O6�P�7M>L?�8I4+4RQSP�@A>DP
@BTVU�?"7WTX7W2Y6+4S;NZ�[S@B2Y6D7L[\=38:>L7^]�>�8:?"? Naming.lookup 6�;_C^7G6H8` 4a6�Z5bc>L?�8d4�4�ef=g[�;NT 6+P�7ihkjJ10h07WCF@B4�6�[\lnm

ä opP�7q4�6+Z5bc@B4H8r>L?�8I4+4sC^7W2�7L[D8t6�7L9u8t6s[�Z52Y6�@"TV7vbYl ` [�7xwy7L>G6D@";z2{eD|}8d2
@B254�6K8I2�>L7M;N= java.lang.reflect.Proxy @"4S@"254a6G8I2Y6D@�8�6�7L9
QSP�@">'Pc@BTVU�?"7WTX7W2Y6+4s;NZ�[S@B2Y6D7L[\=38:>L7^]�b5Z{6s@B2~QsP�@">DPJ7G�Y7L[�l~TV7G6�P�;�9
b�;�9�l�TV7L[�7L?�l�4�7L[�@�8d?"@"4+7W4k6+P�7�8d[�CzZ5TX7W2Y6+4f8d2�9�4+7W2�9�4�6+P�7WT ;L�n7L[
6+P�7q2�7G6�Q0;^[a��6�;E;zZ�[�hkjJ1���7L[��Y7L[Lm

ä opP�7M>L;�957q[�7L��Z�@"[�7W4f8d2�7K��>L7WU{6�@A;N2<P�8d2�95?"7L[p6�;V957�8d?�Qk@�6�P��
· NotBoundException� 2�;V[�7WTX;d6�7�;Nb{�a7L>G6sP�8d4Rb�7L7W2

8I4+4�;�>L@�8�6�7L9�Qk@�6�P�6+P�7q2�8dTV7HQp7�6�[�@"7L9~6D;E?";�;N��Z5Uc@"2~6+P�7
[�7WCF@B4�6�[\l

· RemoteException � @�=
6+P�7ihkjJ1�[�7WC^@"4a6D[�lc>L;NZ�?"9c2�;d6Sb�7
>L;N2n6K8d>G6D7L9 � Naming.lookup ��;z[S@�=.6�P�7L[�7�QS8I4f8�U�[�;Nb�?A7WT
Qs@�6+Pu8r[�7L��Z�7W4a6R6�;V@B2Y�n;N�^7�8�TX7G6+P�;�9}�Gm

· AccessException � @�=
6+P�7M;zU�7L[D8t6D@";N2�P�8I4s2�;d6sb�7L7W2
U�7L[aTX@�6�6�7L9�bYl�6+P�7M@B254�6K8:?"?A7L9c4�7L>WZ�[�@�6�l~T�8I2�8dC^7L[Lm

�{ �¡A¢�£A �¤�¥�¢�¦�§
¨�©�¡"¢�¦�ª«¡�¬��§�®�£�¬��¡�¬�¯g¢� �°��¡ ¨�±� �§�¦�² ³B²
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Æ�Ç5È5È�ÉNÊ�ËfÌ0ËfÌkÍBÊ+Î�Ï�É_Î�ÐxÑYË�ÐÒÊ+Í"Ó_È�ÔAË�Õ�Ê+ËLÖ\Ñ{Í"×LËGØ�ÌsÎ�Í"×DÎJ×�ÐIÙ<È�ËLÖ\ÚgÉ^ÖaÓ
Ê�ÉNÓXËqÛ�ÐIÊ�Í"×�ÐdÖ�Í�Ï�Î5ÓVËGÏDÍ"×^Ü

import java.rmi.*;

public interface Calculator extends Remote {
public static final String NAME

= "rmi://tempest.cl.cam.ac.uk/smh22/calc";

public long add(long a, long b)
throws RemoteException;

public long sub(long a, long b)
throws RemoteException;

public long mul(long a, long b)
throws RemoteException;

public long div(long a, long b)
throws RemoteException;

}

ä Ý Ô"ÔOÞsßJàÅÍBÙnÑYÉ�×�Ð�Ï�Í"ÉzÙ5Ê�ÐdÖ�ËMÓáÐ:â5Ë�Ðd×LÖ�ÉzÊ�Ê�Ö�ËWÓVÉ:Ï�ËMÍ"ÙYÏ�ËLÖaÚ3Ðd×LËWÊ
ËKã�Ï�ËWÙ�â5Í"Ù5ä

java.rmi.Remote
ä å Î�Ë�æyËLÔ"âèç Ý ßèé Ê'Ðxê�ÊRÌSÎ�ÍA×DÎuÞkßJàëÖ�ËWä^Í"ÊaÏDÖ�ê~ÌsÍ"ÔAÔ«Û�ËqÇ5Ê�ËLâ ìíÏ�Î�Ë

ÉNÙ�ËMÉNÙ
tempest.cl.cam.ac.uk î ÐIÙ�â�Ï+Î�ËqÙ�ÐdÓVËHÏDÉ

Ö�ËWä^Í"ÊaÏDËLÖ0Ï�Î�ËMÊ�ËLÖ�Ñ{ÍA×LË�ÐIÊiì
smh22/calc î

ä Ý Ô"ÔïÖ�ËWÓXÉdÏ�ËvÓVËGÏ�Î�É�â�Ê�Ó�Ç5Ê�Ï�Ï+Î�Ö�ÉLÌ
RemoteException

ð{ñ�òAó�ôAñ�õ�ö�ó�÷�ø
ù�ú�ò"ó�÷�û«ò�ü�ý�ø�þ�ô�ü�ý�ò�ü�ÿgó�ñ���ý�ò ù���ñ�ø�÷����	�
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+-,/.10-243�5607,98�:<;=,�>?:1@A,B24C�5	>DCE5F;=G�H	,I;J,IKL0�8M0�C�,�5	KL07,?3ONQP'>?,SR�;UTA8O0
,/.10D,IK�@

java.rmi.server.UnicastRemoteObject V
import java.rmi.*;

WX
public class CalculatorImplY

extends java.rmi.server.UnicastRemoteObjectZ
implements Calculator {[\
public CalculatorImpl() throws RemoteException {]
super();^

}_WQ`
public long add(long a, long b)WaW
throws RemoteException {WbX
return a + b;WQY

}W ZWb[
public long sub(long a, long b)W \
throws RemoteException {W ]
return a - b;WQ^

}WQ_Xc`
public long mul(long a, long b)X�W
throws RemoteException {XaX
return a * b;XcY

}X ZXa[
public long div(long a, long b)X \
throws RemoteException {X ]
return a / b;Xc^

}Xc_
}Ya`
ä d 5	K�,I8fehgjikPl3�,mP'Kn,/.oG�H	5	>?5p04>?:<KA8O0D3OT�>q07:S3�24C�5	>DCr2s,tK�,?,?@u5	Kv:<3�@A,?307:w@A,?>?HxP'3�,t0�C�,

RemoteException
,/.o>?,IGy0D5	:<K V

zy{�|~}��~{��7��}���������|	}�����|j�c�7�������c�7|�����}�{��a�7| ����{��7� \�� ^
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¥s¦�§B¨c©7§?ªa«¬§?ªa�®?¯�°±©�©³²a´A©�µf®?ª�§�°¶µ7§I©£°U·�§q¸ ¹F·A©�µ/°'·�®?§»ºl¼½µ�¦�§¹F¾=¿�¯	§I¾J§I·Lµq°¶µ7¹~ºÀ·v®?¯x°±©�©�°'·�Ánª�§IÂS¹	©OµD§?ªO©-µ�¦�§t©7§?ªa«y¹~®?§£¸4¹pµ�¦nµ7¦�§tª�§IÂS¹	©OµDªaÃÅÄ
import java.rmi.Naming;ÆÇ
public class CalculatorServer {È É
public CalculatorServer() {Ê

try {Ë Ì
// Instantiate serverÍ
Calculator c = new CalculatorImpl();ÎÆQÏ
// Bind name in the registryÆaÆ
Naming.rebind(Calculator.NAME, c);ÆbÇÆQÈ
System.out.println(Calculator.NAME +Æ É

" server now available");ÆbÊÆQË
} catch (Exception e) {Æ Ì
System.out.println("Trouble: " + e);ÆQÍ

}ÆQÎ
}ÇcÏÇ�Æ
public static void main(String args[]) {ÇaÇ

new CalculatorServer();ÇcÈ
}Ç É

}ÇaÊ

ä Ð §qµ�µ7§?ªÑ¹F·Ò¿�ªD°'®qµD¹	®?§tµDºvÓÔª�§�ÕcÖ�¹	·�Árµ�¦�§"·�°'¾=§�¹	·rµ�¦�§�ª�§IÂS¹F©�µ7ª×Ã
¿Ø§?ª�¹	ºÙÁA¹~®�°'¯~¯6Ã Ó�§SÚ�Â�ÚA¹	·v®�°±©7§£µ�¦�§»ª�§IÂS¹	©OµDªaÃÒÂSºÙ§I©�°q¸Ñ°ÛÃr¼�ºSªf°m¸Ñ¦�¹~¯	§�Õ

ä Ü ©�´�°l¯	¯pÃÝ°'¯	©�ºÞ¸Ñ°±·Lµ"°ß©7§?®I´�ª�¹pµ�Ãn¾à°'·�°±Â%§?ª�µDºk¯~¹F¾J¹6µÑµ�¦�§m°'®qµD¹	º<·A©µ�¦�°¶µB®�°±·ÒÖá§t¿á§?ª×¼�ºSªO¾J§?Á*Ú

âyã�ä~å�æ~ã�ç7è�å�é�ê�ë�ì�ä	å�é�í�äjîcï7ê�ð�æ�îcï7ä�î�ñ�å�ã�òaï7ä ë�ó�ã�ê7é Ë�ôFÎ
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�

import java.rmi.Naming;�
import java.lang.Thread;�
public class CalculatorServer {� �
public CalculatorServer() {�

try {�
// Instantiate server�
Calculator c = new CalculatorImpl();����
// Install a security manager���
System.setSecurityManager(���

new java.rmi.RMISecurityManager());� � �
while(true) {� �

// Bind name in the registry���
Naming.rebind(Calculator.NAME, c);� �
System.out.println(Calculator.NAME +���
" server now available");������

// Repeat every 5 seconds���
Thread.currentThread().sleep(5000L);���

}� � �
} catch (Exception e) {� �
System.out.println("Trouble: " + e);���

}� �
}������
public static void main(String args[]) {

 �
new CalculatorServer();

 �
}

 �
}

�

ä ����� �"!$#%#'&�#)(*�+�,!.-0/21�13/4!'�)5"6 7.�8-:9<;=/>�?/A@��)7 ⇒ BC��� DEB 7.�)FG6 �H7.�4/!�6 �8-0/AI 1H�J!'�)5"6 7.�K-�9ML�D%1���5N9<DO7P-RQ ��!'�)7�SG�)7CBPDT�VUW-XBPDO7.Y[Z"Z"Z
\^]W_H`baH]dc'e�`bfhgji.k._�`bfhlm_on�p'g3qrasn�p'_bn:tu`b]Wv�p'_ i.wd]dgRf �yxz���
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ä ���M�,�����A� �8���?�A ,  �H¡�¢r���£¡�¤O¥,¦¨§©�,¥Mª«¡K�R¬ ¤O�^���4¦'�)¢"� §.¡K���M��A¥?�>®%�)§ ⇒¥ ¤¯§.�"¦.�'§�¡�¢N�£¡�¤T¥,¦J�>§.�J¡�¥<  �b�2¢)�
ä °u±² ,  �H�N�R¦��,¤O¥M�R¬ �J¤>�'¬ �)§³¬?�>¥ �´�µ�2�KªX�N�^¦²§©�,¥Mª	¡8�R¬¶�'¬ ��¦R�)¢"� §�¡K���=�>¥?�A®%�)§³  §.¤E·^¡��,�)�¹¸º�=�R¬ ��ªC�"¸<¸ §�¤)ªP�)§'»
ä ¼½¤¾�2�,�¿�4¦'�)¢"� §.¡K���<=�>¥?�A®%�)§C�'¤À�º¤O� §Á¢)¤Â�,�%�o�:ªP¤Ã=�2¡+¥¹¤O ^�'¡�¤O¥,¦EÄÅOÆ Ç §.¡K�£�È�º¤O� §Á¤EªX¥¶�h§.¤T ¦'¢)§'�r�'¢£¬V� ¤O§ÉoÆ Ê ¦'���R¬ ��¸,� ¡H�K�©Ë�¡�¥ java.rmi.RMISecurityManager
ä Ì¨ ^�'¡�¤O¥ É ¡�¦X¢)¤O¥,¦R¡H�,�)§'�>¸ �K�¹�r�A¦'¡��)§"Ä

ä Í«�����A� �8�«¡�¦X¥ ¤Î�>¢)¢)�"¦R¦
ä Ï
ÐÑ  ��¡�¢)¡8�'�8�¶®�§'�A¥G�« ��)§.Ã¡�¦�¦'¡�¤O¥,¦Á�,¦'¡+¥,®��JÒ�¦'�)¢"� §.¡8�:�< �¤O��¡H¢N�ÂÓ�ÔÕ�H�

ä Ï Æ ® Æ �4·º�)§Ö�× ��)§©¾¡+¦R¦R¡8·º� security.policy ÔÕ�H�%Ä
grant {
permission java.security.AllPermission;

};

ä Ì�§	�4¾¤O§��J§.�"¦.�'§�¡�¢N�'¡8·º�4¤T¥ � Æ"Æ"Æ
grant {

permission java.net.SocketPermission
"*:1024-65535", "connect,accept";

permission java.util.PropertyPermission
"java.rmi.server.codebase", "read";

permission java.util.PropertyPermission
"user.name", "read,write";

};

Ø^ÙWÚHÛbÜHÙdÝ'Þ�Ûbßhàjá.â.Ú�ÛbßhãmÚoä�å'à3ærÜsä�å'Úbä:çuÛbÙWè�å'Ú á.édÙdàRß êyëzì�ì
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import java.rmi.Naming;û
import java.net.MalformedURLException;ü
import java.rmi.RemoteException;ý
import java.rmi.NotBoundException;þ ÿ
public class CalculatorClient {� �
public static void main(String[] args) {�

try {�
Calculator c = (Calculator)û��

Naming.lookup(Calculator.NAME);û�û
System.out.println( c.sub(4, 3) );û�ü
System.out.println( c.add(4, 5) );û ý
System.out.println( c.mul(3, 6) );û þ
System.out.println( c.div(9, 3) );û ÿ

}û��
catch (MalformedURLException murle) {û �
System.out.println("MalformedURLException");û��

}û��
catch (RemoteException re) {ü��
System.out.println("RemoteException");ü�û

}ü�ü
catch (NotBoundException nbe) {ü:ý
System.out.println("NotBoundException");ü þ

}ü ÿ
catch (java.lang.ArithmeticException ae) {ü��
System.out.println("ArithmeticException");ü �

}ü��
}ü��

}ý��
ä

�
	����������������������	���� �"! #%$&���	��'	(�)	�*�,+.-0/1�2�3���4�/1��56	7+98:���	
�4'-�;256�</1������=?>��3	�=�	��,'�3���@'��	

Calculator
���A'	6BC8D/E56	)F

ä G �AH,+I5J/J'�3+.����+9�K����3�����,L	6BC8�/M56	�NO������	��P!.!L�"!RQAST/EBU	(8V+.BCWX/MBZY�	6Y['+
���	\BZ	�=�+EL	\+9;^]C	65��BU	��)�3�4L	6BZ	6Y0/E�

Calculator.NAME

_a`cb�d<e�`gf'hUd<iOjlkZmZb3d<iOnob%p�q'jsrJetp�q'b<pvuVd<`cw�q'b kZxg`gj�i �zyzû�ü
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ä �%�6�3�6�����'���(���M�L���������L���Z���K�����\�U���)�� Z�'�C¡}�E��¢£��¤�¢��¥�'�¦ �E�������<�J�'�.�6§©¨�ª¬«} �3� Calculator.java
·  '���?¤��3�� Z�X�L�®�� '�¯ °�E�?�(�±�E�L���3���¯²V�.�*�Z���³�� Z�'�C¡µ´ �'���( ��6�C¶,�6�

ä
¦ �9�?¤��3���������\�3�,�'�6�4²��E�6�)·¸���?¤��3�������,���¥�'���9�¹·� '�6��¶,�6��´ �6�3�����,�¥º
$ javac Calculator*.java

ä »¯�����6�'�J�'�( Z����¼2�6�<�E U '�� *²V�.�½�����\�3��¤������?���A�¾�¥�L�3�.�¹º
$ rmic CalculatorImpl¿ ���� *¤��Z�À¢^���6��  CalculatorImpl Stub.class �1��¢
CalculatorImpl Skel.class §

ä ÁÃÂ½�¾ÄDÅÆ�A���E���T�'���\�Z���)�3 4�L��¡Çº
$ rmiregistry &

ä ÈÉ²�¡A�9�¹ÊË�Z�7�� '�����Ì������Í� '�6�����Z��Î�¶A�6�4 '�3�.�}�M²Ï�����( '�6��¶,�6�6º
· �6�Z�J�J�'�P� calc.policy Ð¸���?ÑV '�6�\�J�E�U�3�3�6�* '�3��¢��� °Ò
·  Z�¾�E�C�T�����( '�6��¶,�6�6º $ java

-Djava.security.policy=calc.policy CalculatorServer

ä Ó�� '�½Ô��� Z�* Z�¾�M���T�����( '�6��¶A�6��º
$ java CalculatorServer
rmi://tempest.cl.cam.ac.uk/smh22/calc server now..

ä ª���¢ÕÐ����E�3�Ö¡A·^ Z�¾�M���T�����\�6���3���,�Jº
$ java CalculatorClient
1
9
18
3

×aØcÙ�Ú<Û�ØgÜ'ÝUÚ<ÞOßlàZáZÙ3Ú<ÞOâoÙ%ã�ä'ßsåJÛtã�ä'Ù<ãvæVÚ<Øcç�ä'Ù àZègØgß�Þ�ézêìë�í
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UnicastRef

TCPConnection

UnicastServerRef

TCPTransport

Method

Calculator_Impl

Calculator_Impl_Stub

CalculatorClient

ä û½ü�ý Stub þ6ÿ������ � ����ü�ý	��
�ý�?ý�
�� � ��
�ý���ý����Zÿ � ý���� � ��������
���������� �� 
�!"�Iþ��#� � �$
��%��
&��ü�ý Calculator � 
��Lý��'�(�Mþ6ý � 
"���*))ý�
�ý�� � þ� 
�!"�Iþ��#� � �$
��%�$�+��
 invoke ��ý,��ü-�.�/�$
 UnicastRef
· ��ü�ý\þ6ÿ0������1�324
-����ü5�3!,ý76"8 � �'ý9���*ü.8��1��
:�Uý����;��<�ÿ3ý=�>
5����ý� 
/�?�@��ý���
 A�B$CED�FHGI!,ý���� � �$
��	�J�LKM�3!N�

ä UnicastRef
� �O�Zý���PL�$
�� � <�ÿ�ý%�����I��ý6ÿ�ý6þ,� � 
�)?�Q�M8 � �R��<�ÿ3ýS
�ý,�UTV����W

������
��MPL���X�Y�Z���Y�Eþ6þ6ý���� � 
�)[�'ü�ý\�Uý�� �J�'ý]�$<^KCý6þ,�I� � 
_��ü � �Xþ�����ý¯û`ba
ä UnicastServerRef 8���ý��O��ü�ýH����� � 
5���X2c�Zý3d¸ý6þ,� � ��
� 
��Lý��'�(�Mþ6ýS��� � � ��P5�#�LþLüµþ��Eÿ�ÿe�Y��� �Zý��?���LýH�$<^KCý6þ,���

fhgjilk�mlgon�pMk�qZrts�u�ivk�qZwxizy|{�r~}�m�y|{�i�yU��k�gj�X{�i s��ogor�q-���0���
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transaction {
if (server.getBalance(src) >= amount) {

server.credit (dest, amount);
server.debit (src, amount);
return true;

} else {
return false;

}
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transaction {
if (server.getBalance(src) >= amount) {

server.credit (dest, amount);
server.debit (src, amount);
return true;

} else {
return false;

}
}
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T1: transaction {
int s = server.getBalance (A);
int t = server.getBalance (B);
return s + t;

}

T2: transaction {
server.credit (A, 100);
server.debit (B, 100);

}
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debit
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â�é�Ô�Õ�ßSÛ1Ù+â�Ú�ÜtÜ�ßSÛ�Ù�Ü2èPñ�Ü1Ô�Õ9ÙPß�ä+Ù�òhßhë�ä+Ô�Ô�óUÔ�íoï'Û�Ù�â�Ú
ô Ô�íBß�Ú�Ý�Ù�Ü9Û1Ù�Ú�ã�ï�Ù�ÜJæÞë�Ô#Û?ÖWÔ�ÔoÚ�ÔoÚUè5â�Õ9í�Ù�Ú�ã�õ

ä ö Û1Õ9Ù+í#ÛtÙ�ÜJâ�ä-ßBÛ1Ù�â�Ú÷õWß�í#Û1ïÐß�ä�ä£ñÔoÚ�ÜJï�Õ9Ô§Û1æÐßSÛðÛ1Õ�ßhÚ�Ü�ß�í#Û1Ù+â�Ú�Ü!ß�Õ9ÔÙ�Ü1â�ä-ßBÛ1Ô�Ý�ÝUï�Õ2Ù�Ú�ãøÛJæ�Ô�Ù+Õ Ô�óUÔ�íoï'Û�Ù�â�Ú�ùúé�Õ2â�æ�Ù�ë�Ù£Û!ß�ä�äåÛJæ�Õ2Ô�Ô!é�Õ9â�ë�ä�Ôoì¨Ü
ä û â�Ú=üEÜ9Û1Õ2Ù�í#Û�Ù�Ü1â�ä-ßBÛ1Ù+â�Ú÷õýÔoÚ�ÜJï�Õ9Ô§Û1æÐßSÛ�ß�Û1Õ�ßhÚ�Ü�ß�í#Û�Ù�â�ÚÞÖðßhÜtÙ�Ü1â�äPßSÛ1Ô�Ýë¥Ô¦è5â�Õ9ÔdÙ£ÛS×þÜ�ß�ä�ä+â�ÖlÔ�Ý�Û�âîí�â�ìîì¤Ù®Û

û â�Ú=üEÜ�Û�Õ9Ù�í#Û�Ù�ÜJâ�ä-ßSÛ�Ù�â�Ú¡ì�ß#ñ�é¥Ô�Õ9ì¨Ù£Ûðì¤â�Õ2Ôdí�â�Ú�íoï�Õ9Õ2ÔoÚ�í#ñ�ë�ï'Û�íBß�Ú�ä�ÔBß�ÝÛ1â¨Ý�Ô�ä-ß¦ñ=Ütâ�Ú�í�â�ìîì¤Ù®Û}ÿ5Ô��þã��ýß�Û1Õ�ßhÚ�Ü�ß�í#Û�Ù�â�ÚÞÛJæÐßBÛ�é�Ô�Õ�èFâ�Õ9ì¨Ô�Ý¡ß�Ý�Ù�ÕHÛ?ñ
Õ9ÔBß�ÝíBßhÚ�Ú�â�Ûtí�â�ìîì¤Ù®Û�ï�Ú�Û1Ù+ä�Û1æ�Ô§Ö�Õ9Ù£Û1Ô�ÕðæÐßhÜ��ðßhÚ�ÝíBßhÜ1íBß�Ý�Ù�Ú�ã ß�ë�â�ÕHÛ1Ü
ÿ5Ù�è Û1æ�Ô§Ö�Õ9Ù£Û1Ô�Õ�ß�í#Û1ïÐß�ä+ä®ñàßhë�â�Õ¢ÛJÜ��

ä û�� õUÙ�Ú�ÜJâ�ì¨Ô�Ü1Ù®Û1ïÐßSÛ1Ù+â�Ú�Ü�ÖlÔBßhç$Ô�Õ�ã�ïÐß�Õ�ßhÚ�Û�Ô�ÔoÜ�ß�Õ9Ô�ß�í�í�Ôoé'Û1Ô�Ý�è5â�Õæ�Ù�ã�æ�Ô�Õ í�â�Ú�íoï�Õ2Õ9ÔoÚ�í#ñ
� � Ú�Ü�ñ'Ü�Û�ÔoìîÜðï�ÜJÙ�Ú�ã¨ä+âÎí�çÎÜ Û�âøÔoÚUèFâ�Õ9í�Ô�Ù�ÜJâ�ä-ßSÛ�Ù�â�Ú÷õ ÜJâ¨ä�â�Ú�ãßhÜ�ß�ä+äåÛ�Õ1ß�Ú�Ü ß�í#Û1Ù�â�Ú�Ü�ß#á â�Ù+ÝÞä�â�Ü�Ûtï�é�Ý�ßSÛ�ÔoÜ
	'ÛJæ�ÔdÝ�Ô�í�Ù�ÜJÙ+â�Ú�Û�â
ß#á â�Ù+Ý�Ý�Ù�Õ¢ÛEñ�� ï�Ú�Õ9Ôoé�ÔBßSÛ#ßhë�ä�Ô�Õ9ÔBß�ÝUÜtíBß�Úë¥Ô!ì�ß�Ý�Ô!â�Úàß

é�Ô�ÕHüNÛ1Õ1ß�Ú�Ü ß�í#Û1Ù+â�ÚÞëÐß�ÜJÔoÜ

����������������������! !�"����#$�&%('��*)+�,%('���%.-/����01'�� �!2����3�547698;:
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H
I�J KMLONQPQLSR3TQLVU�WYXZK [Q\!]^[_L`\ZR�a"LcbMd�]e\fRg\�hiP�bjhlkmR�a"]eP�b�n�b�aoP�pqhrb�aost[Qu"L
L�v5hwst[Qu"Lyx/b3nQkgTzhib{Rg\�hiP�b!d/L`\!b}|_LmR.~{L`LcPzhrP�n�sr|_L`\{]^d�|�hiP��
hik`k`]^n�P�R3b���hibMa�u"u"n�bFRg\�h�Rga"]ePG�{��]e\�L+hikjT�[Q\!]^[_L`\ZR.���Qp�a���Lrh�[_]^b3b3a"|Qu"L
x�aoPQk`]�\!\�L`kmR��YL�v�L`kcn�R�a�]^P�~MTQa"kgT���a"]eu9h�RgLcb�a�R��

H
IF� �&u"a"��L�H�IZ��b�hO�&b�R3T�h�R�R3TQL`\�L�hi\�L���~�hm��bMa"P�~�TQa�kgT�L�v�L`kcn�Rga"]^P�k+hwP
[Q\!]�k`L`L`����|�n�RS�&u"a���L�H
IZ����Lc[Qa"kmR�b�]ePQu��� Q�¡X¢u�uon�b!R�\�h+R�L£R3TQL
\!LcsqhiaoPQa"P�p>��[_]^b3b3a"|Qu"L@L�v�L`kcn�Rga"]eP�bShiPQ��k`]^P�b!R�\!nQkmRMTQa"bFRg]e\1�
p�\�hi[�T�b�d/]e\¤R3TQLcs¥�

H�IZ¦�§ X¨dª©�hO��h�~{L`\!L«Rg]�b3n�[�[_]e\ZRSh
transaction

��Lm��~¤]�\!��R�TQLcP�a�R�b
b3LcsqhwP�Rga"kcbY~¤]enQu"��PQL`L`�¬Rg]�|_LV��LONQPQL`��k+hi\�LOdnQu"u����fK}Lcb�k`\!ao|_LVTQ]
~
a�RMk`]enQu"��|_LcT�hO��L®~MTQLcP�R3TQL®R�\ghwP�b�hikmRga"]^P�hlu¯k`]���L�°

x�a�� hik`k`Lcb3b�Lcb�u�]�k+hiu±��hi\!a9hw|Qu�Lcb
x�a�a�� hlk`k`Lcb�b�Lcb�N5L`u"��b
x�a�a"a�� R3TQ\�]`~Mb}L�v�k`Lc[�R�a�]^P�b
x�a���� sqhw�²Lcb�s³LmR3TQ]���k+hlu"uob
x´��� n�b3Lcb�s�n�R�L�v�LcbShwPQ��k`]ePQ��a�R�a�]^P��²hl\!a9hw|Qu"Lcb
x´��a
� k`\�L+h�R�Lcb�R�TQ\!L+hi��b

µ ]^n�b3TQ]^nQu"��hib�b3n�s³L®R3T�h�R�a�R�aob�d/]�\Ys�nQu�Rga¶I7R�TQ\!L+hi��L`��n�b3L£]eP·h
b3a"P�p�u"L¸k`]^st[�n�R�L`\c��\�h+R3TQL`\{R3T�hwP¥PQL`L`��aoP�p�Rg]�b3n�[�[_]e\ZR®¹}º�X»]�\
]iR3TQL`\Y��aoPQ��b}]^d�L�v�R�L`\!P�hiuBk`]^sts�n�PQa"k+h+R�a"]ePG�

¼�½�¾�¿�À�½�Á�Â�¿�Ã�Ä�Å!Æ!¾"¿�Ã�Ç$¾&È(É�Ä*Ê+À,È(É�¾�È.Ë/¿�½�Ì1É�¾ Å!Í�½�Ä3Ã5Î7Ï9Ð¨Ñ



Ò�ÓBÔÖÕ�×£Ø�Ó ÙVÚ Û¥Ü�Ý�Þ¤Ø&ÔBß3ÜSà ß!á�Þfâgã�Õäß�Þ¤Ü

å�Ø�Ó_æ£ß�Þf×«á â!Ó¯ÔÖÕ�×£Ø�Ó

ä çéè!êeëQì"ícîtï�ê^ð�ñ`ê^îtò_ê^ó�ôQõ�ê^ò_í`ègö�÷�ø�ê^ô�ï
ä ù}úYûZü òQè!êeòÖí`èZ÷�ø�ícï�ð�êeè{÷�è�öiô�ïjölñm÷�ø�ê^ô�ï
ä ý&í`è!ø�ölì"ø"þwöwëQø"ì�ø�÷(ÿ

� æMÓ¯Ø²æ£ß!Ó�� Þ Ý�Õ��£ß!á â�Ó¯Ô�Õ�×£Ø&Ó

ä û;îtòQì"ícî³ícô�÷gøoô���ø"ï3ê�ì�ö�÷gø"êeô
ä �	�¤ê�
.ò���öwï�í@ì"ê�ñ��øoô��
ä �Yøoî³ícï!÷�öwîtò�êeè�õ�í`è!ø"ô��
ä �Sò�÷�øoî³øoï!÷�ø�ñ@ñ`ê^ôQñcóQè�è!ícôQñmÿ�ñ`êeô�÷�è�êeì

������������������� �"!$#$�%��� &'�)(+*��-,.�/(+*���(102����34*�� !�5������7698;:
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Z [I\^]%]'_7`ba ]%`c`edgf.hji�`ekl[mkl[bn�opfq_7r%i�ksiut2`Ivw[x_�iWy7v$r%_�z{h�opf>h
h�v�fq_�i|f�n}h�r%`e_�iOf�v$[O[|~�[bnxy�h�[b�gr�_�f�i�[bv$r�f�]%r%�qfq�7]%[Pk�f�_�_7[bv�ajo7r%]%[
f�]�]%`�ajr%_�z�ks`Iv$[Onb`e_7nxy7v�v$[x_7n}��h�opfq_�f�_�f�n}h�ypf�]�iW[bv�r�f�]�[|~@[bnxy�h�r%`�_
au`ey7]%��f�n�o7r�[}�M[
��_�h1au`q�1��opf�iW[�]%`�n�d)r�_�z��������	�B[.f�n�o�h�v�fq_�i|f�n}h�r%`e_�r�iT��r��@r%��[b�gr�_ h�`

ä
f¡��opfqi�[O`�tQf�nb¢ y7r�v$r�_�z�]�`�n�d�i

ä
f¡��opfqi�[O`�t£v$[b]%[.f�iWr%_�z�]%`�n�dci

�¤`�n�d�ijk¥y�i$hj[|~@nb]%y7��[O`�hWo7[bv¦`e��[bv�f>h�r�`e_�iwhWopf.hjk§f¨��nb`e_@©ªr�n}hwaTr�hWo
hWo7`�iW[mh�`{��[m��[bv«t `�v¬kl[b��M��h�o7[O]%`�n®d§o7`�]���[bvx¯
° ��[bv�f.h�r%`�_�iTn.fq_g��[m��[bv«t2`Iv¬kl[b�g�@y7v$r�_�zs��`�h�og��opfqi�[xiwi�`±]�`e_�z§fqi²hWo7[
fq���7v�`e�7v�r�f>h�[P]�`�n�d�i³f�v�[Oo7[b]%��¯
´ r�ks�7]%[mk¥y�h�ypf�]'[|~�nb]�y�i�r%`e_µ]%`�n�dci¦k§f¨��i�y@¶lnb[I·@��y�hTnb`ey7]��g]%r�klr�h
nb`e_7nxy7v�v$[x_7n}� ¯¸��_§h�o7[O[|~ªfqks�7]%[³au[¹nb`�y7]%�y�i�[�fsº�» ´ Z ]�`�n�dV·�o7[b]%�
r�_¼v�[.f��gkl`���[³t2`Iv

getBalance
f�_7��ajv�r�h�[Oks`c��[Yt `�v

creditfq_7�
debit

½�¾�¿�À�Á�¾�Â�Ã�À�Ä Å"Æ$Ç$¿%À�Ä È'¿)É+Ê�Å-Ë.Á/É+Ê�¿�É1Ì2À�¾�Í4Ê�¿ Æ�Î�¾�Å�Ä7Ï9Ð%Ñ



Ò>Ó@ÔBÕ�Ö"×�Ø�ÔBÙ Ú ×IÛ ÔKÜMÝOÞPÖQÓ@ß Õ$ÔTàVáTØWÙYâ ã.äBå

æwç�è é�çcêxëuì�í7êmë¬î)ë$ì�êxï ð�ñ7ç�è èjí7êxñ ò�ó�ñ7éí7çbè³ô¸ì�çló�õbö ÷7ø%ù�ê¡óqñ7é
ù$êbú�ê.óqë�ê¹ú%çcõ�ð�ëTøüûýì�ù�ó�ñ�ë®ó�õ}ì�ø%ç�ñ�ëmó�ù�ê¹é�ê¨þ7ñ7êbéø�ñ�ì�í7êÿû2ç�ù$ï��

transaction {�
if (server.getBalance(src) >= amount) {�

server.credit (dest, amount);�
server.debit (src, amount);�
return true;�

} else {�
return false;�

}	
}


ä
� çe÷7ú�égù$êbö ÷7ø�ù$ê¹ê���7ú%ø%õbøüìYø�ñ�� ç�õ.ó>ì�ø%çeñ�ë�� î§ìWí7ê��7ù�ç���ù�óqïsïlêbù��7ê������
ê����çeë�ê

lock
óqñ7é

unlock
ç��Vêbù�ó>ì�ø%çeñ�ë ç�ñ�ìWí7êmë�êbù�� êbù

·

ó�õbö�÷7ø%ù$ê¥ó¥ù$ê.ó�é¼ú%çcõ�ð�ç�ñ
src

��ê¨û2ç�ù�ê! "�7ù$êbú�ê.óqë�ê¹øüû-ìWí7ê
elseõbú�ó�÷�ëWêPø�ë²ì|óqð�êxñ#�

·

÷����Iù�ó�é�êÿì�ç�ó�èjù�ø�ì�êPú%ç�õ�ð�çeñ
src

�Vê¨û ç�ù$ê%$&�
·

ó�õbö�÷7ø%ù$ê¥óPèjù�ø�ì�êPú%çcõ�ð�ç�ñ
dest

��ê¨û2ç�ù�ê�'��
·

ù$êbú�ê.óqë�êÿìWí7êOú�ç�õ�ð�çeñ
src

ó�ñMî§ì�ø�ïlê�ó.û;ì�êbùTó�õbö ÷7ø%ù�ø�ñ��(��ç�ì�í
ú%çcõ�ð�ë)�

·

ù$êbú�ê.óqë�êÿìWí7êOú�ç�õ�ð�çeñ
dest

óqû;ì�êbù*'

+�,.-0/210,�3546/2798;:=<=->/279?@-&ACB58EDF1GACB5-2AIHJ/2,.K�B5- :6L�,.857 	NMO�



P)Q�RTSVU;WYX6RTZ [ W�\ R^]�_a`bUcQ�d S=R�egf�XhZji k)lnm

oqpsr rntvu>uwrnp�xyu>z|{h}y~O�*�Jp���� p��E{Irnp��I��}����ht!u>p��V�&~O����rTp������

4 � ���hxy�=t��*�htv�6~2��u0~O�����yu>tbt��tv��x�{5~>p���~���~O���yu>t��(t���{5tvz��vp��=�=tv��{Vu��

4 � u>u0pvr�� �����y~�{5�V�����¡�����yu0~>�F�F{5~>p��&�I�6�¢tv�v~O£¤�¥���ypsr�u0tvz���t�{Vp¦�¢t
t���yu>p�~�{5tvz¨§yt�©��y©^x��5~O���«ª¡¬*¯® �Jp��q~>�y�v�=tF���htvz��vp��y��xy�=�6t��y���«pv°¯tv�
�%x�{5x���u¨t���vuOx��5~>p���u>p��±���

4 � u>u0pvr�~O���²p�{5}ytv�T{V�5���������{V~>p�����{5p²���v�vt��h��p���³´tv��{5�µ���*�hp�p��¶���
{h}yt��·}��¸°�ta�¢tvt��|x��yu>p"�V��tvz�~>�y�v�=tF���5t����vp��y��xy�6�=t��y���

8 ¹ p����yu>t��~�{C�|p����y�=p����5���º�(~O���¼»9t�©½��©¿¾�ÀÂÁ
⇒

ª¡¬*¯® �ytvtvz��Ã���
x������5��z�tap��¢tv�5�F{5~0p���}ytv�6tFÄ

8
® p�xyu>z«�¢t��y~>�vtµ{5pº�y�=ps°�~0z�t

startTransaction Å
endTransaction

�V�){5}ytv�T{5}�����~O�yz�~�°�~>z�x���uÆu>p��V�«p��¢tv�5�F{5~0p����

8
¬T~>�6�·p���z�tF��z�u>p��±�

8 Ç � Tb
u>p��±���µ����p���³´tv��{È³�x���{Ã�=tvu0tF���5tvz����

Ta
{5}yt���~O�5p�u2�F{5~0p��

�=tvÉ¯xy~0�=t��q{h}��F{
Ê Tb

�F�����yp�{Ã�vp�����~�{*x���{V~>u
Ta

}����
Ê Tb

�Ëx��={j���gp���{Ã~��
Ta

z�p�t��!»CÌÍ�F���5�F��z�~>���Î���¢p���{5�sÏÍÄ
&p��(t�p��E{h}yt��5t��y�=p��yu0t��º���F�����¢t!��z�z��=t��h�htvz|���¼¯{5�6~>��{ ¾�ÀÈÁ ~>�
r*}y~0�V}¶��u>u#u>p��V�"�j���=t�}ytvu0z|x���{5~0u¨�vp��º�(~�{�Ð����¢p���{)Ñ^{V�5���������{V~>p����Ã�yt�°�tv�
�5tvt�������{V~2��u¨x��¢zY�F{5t��*�Ò��z�t����«p�{5}ytv���

Ó�Ô.Õ0Ö2×0Ô�Ø5Ù6Ö2Ú9Û;Ü=Ý=Õ>Ö2Ú9Þ@Õ&ßCà5ÛEáF×GßCà5Õ2ßIâJÖ2Ô.ã�à5Õ Ü6ä�Ô.Û5ÚyåNæ�ç
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øúù>û�ü�ý=þÿ�û���������ü��6ù
	���9ø������Tù>ýÃÿ�	���þ��yü��qû(ü�����ÿ�	yù>ý6û þ��ºü�	���� �!�vü
ùOý�� " ÿ)þVù#�$	&%

ä ' ÿ��(�«þ��5ÿ�	�ý±ÿ)��þ5ù*�$	+��ÿ�ýµÿbþ5ù>û�ü�ý=þÿ�û��-,Îü�./��.0�$��ù�þ5ý�ý�þ�ÿ���þ*þ5ù>û�ü�.
ø1�yü�ý5ü�û32�ý=þ54¢üjþ���þÿ)"#"76+������ü��=ü��

ä
ø1�yü�� �!��ü��=ù#	���4¢ü�þ98Tüvü�	|þ��yü�ýhüµþVùOû(ü�ý�þ�ÿ�û:��ý18�ù#"*";� ù7<¯ü%ÿ
ýhü��6ù2ÿ�"0ù
=�ÿ�4�">ü>������ü��?��� �nþ��yüµþ��5ÿ�	�ý±ÿ)��þ5ù#� 	�ý

ä @ � Ta
ÿ�	��

Tb
4A��þ��¡ÿ����vü�ýhýqý���û(ü��$4�B´ü���þqþ��yü�	«þ��yüC6·ûD2�ý=þE���ºý��

ÿ������ �!��ù
	���þ��¦þ��yü�������ü��=ù#	��:�$� þ��yüvù#�nþ5ùOû(ü�ý=þÿ�û:��ý

F ÿ�ý5ù#�bùOû:��">ü�û(ü�	�þÿFþ5ù#� 	&%

ä G 2���û(ü�	�þ�üFÿ)�����$4�B´ü���þ58�ù�þ��¶ÿIH¤ü�"*�J��� "*��ù
	���þ��yüµþ5ù>û�ü�ý=þÿ�û��K�)�
þ��yüµþ��Vÿ�	�ýÿ���þVù#�$	�þ���ÿFþ�ûL��ý=þE�6ü��vü�	�þ�"M6�ù#	N<N� O�ü��¡ÿ�	��$�¢ü��5ÿFþ5ù#� 	K� 	
ù�þ

ä P �yü���O(þ��yü��$4�B´ü���þRQ½ý*þ5ùOû(ü�ý=þÿ�û:�¡ÿ���ÿ�ù#	�ý�þ�þ��yüµþ��5ÿ�	�ý±ÿ)��þ5ù#� 	&Q�ýjüFÿ)���
þ5ùOû(ü!ÿ�	�� �¢ü��5ÿ)þVù#� 	�ùOý�ù
	S<N�$O ü��;%

4
ø1�yü�� �¢ü��5ÿ)þVù#� 	¼ùOýjÿ�"*"#�T8Tü��¡ùM� þ��yüµþ��Vÿ�	�ýÿ���þVù#�$	&Q½ý�þ5ù>û�ü�ý=þÿ�û��
ùOý�" ÿ)þ5ü�ý=þ

8
ø1�yü�� �¢ü��5ÿ)þVù#� 	¼ùOýE�=üUB�ü���þ5ü��¡ÿ�ýnþ��V��" ÿ)þVü¥ùM�Eþ��yüµþ��Vÿ�	�ýÿ���þVù#�$	&Q½ý
þ5ù>û�ü�ý=þÿ�û���ù>ý�üFÿ���"0ù>ü��

WYX[Z*\^]*X/_�`!\^acbed�f�Z#\^acghZji9k�bmln]oi9k�Z^iqp�\^X[rsk�Z d!t/X[b�a�uwv#x



yRz�{}|�~e���!{}� � ����� �&zV��~�� � {}�Y�����j����� ���}�

�������������^�)�#�#�������#�I� �!�������#���) �¡��#�C¢S���;£¥¤�¡¦�R¤��)§�¤�¡��¨¤��#©:����¤ª��©�«����)§
¤�¡��¨¤��������(�) C¤��#� ���T¬���¯®�

T1,1:startTransaction T2,1:startTransaction
T1,2:server.getBalance(A) T2,2:server.credit(A, 100)
T1,3:server.getBalance(B) T2,3:server.debit(B, 100)

4 T1,1
�ª°��� �±Y¤����T¬

→
¤��#©:����¤ª��©�« ²R³

4 T1,2
�ª°��� �±Y¤����T¬ ´D£µ²T³j¬

read
4 T2,1

�ª°��� �±Y¤����T¬
→

¤��#©:����¤ª��©�«·¶V¸
4 T2,2

�ª°��� �±Y¤����T¬��º¹ »c�^�n¤�����¼ ´D£�¶S¸½¬
credit

4 T2,3
�ª°��� �±Y¤����T¬ ¾E£�¶S¸½¬

debit
8 T1,3

�R¤!¤���©:«Y¤����;£¥¤��V���^�n¤�� ²T³¿�n�����*�#���?¤�¡¦���·¶S¸:�����
read ��$��ÀÁ�# C¤��1Â��7¤�¡

credit

Ã �Ä¤�¡��
�� n�������A��¤�¡J¤��������ª�� C¤��#�$���� �� ±��#�·¡¦�Å¢N�> ��$©:©:�M¤�¤����J�
§
T1,3¡¦���J�A�����·�ª°��� �±Y¤����J���Å§c� ���

T2,3

ÆYÇ[È*É^Ê*Ç/Ë�Ì!É^ÍcÎeÏ�Ð�È#É^ÍcÑhÈjÒ9Ó�ÎmÔnÊoÒ9Ó�È^ÒqÕ�É^Ç[ÖsÓ�È Ï!×/Ç[Î�Í�ØwÙ
Ú
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4 í1î�ï�ð�ï�ñ�ò
ó�ò#ô õ�ô)öm÷5î�ïCø�î�ï�ù1ø�ôûú�ð�üLò7øýú3þ¦ú)ùsø�ò*ñ�ÿ��^ú)ù5ô þAï�ù�úRø�ò#ô õKò
ó� ú�ó�ï�ð·ô$õ�ò
õ�öcô ùUü-úRø�ò#ô õ��#ô½ñnú�� ø�ô ø�î�ï�ô ��� ï�ñCø
4 �jò
ü:þ��#ï�ø�ô:ò
ü:þ��#ï�üLï�õNø	�-ï�
��
 ��� ò
õNø�ï�ùUþAô$ó�ò
õ���ø�î�ï�ñ(î�ï�ñ��Vó�ô$õ

ïnú�ñ�î�ò#õ��NôVñnúnø�ò*ô$õ únø�ø�î�ï�ó�ï�ù��Nï�ù��cñ�ô õNø�ù�ú�ó�ø�÷Eò7ø�î�õ�ô$õ��qó�ø�ù!ò#ñCø��������
4  !�Nô�ò#ð�ò
õ��"�#ô½ñ��½ò
õ��Lü-ú � ò
õ�ñ�ù�ïnú�ó�ï>ñ�ô$õ�ñ�ÿ�ù�ù!ï�õ�ñ �
4 #Eïnú)ð��#ôVñ��Äò
óEõ�ô�ø�þAô$ó�ó�ò � �#ï
8 $�ï�ï�ð�ó�ú ù�ô��%�&� � ú)ñ�� ü:ï�ñ�î¦ú�õ�ò
ó�ü
8 '?ú�ó�ñnú�ð�ò#õ�� ú � ô ùsø�ó¨ú�ù�ï�þAô ó!ó�ò � �*ï(� ï�
)��
 òMö T1,2 î¦ú�ðJÿ�þAð�úRø�ï�ð A

ø�î�ï�õ�ò7ø�÷}ô ÿ��#ð·õ�ï�ï�ðÄø�ô � ïýÿ�õ�ð�ô$õ�ïIú�õ�ð T2 ÷1ô$ÿ��#ð�î¦ú*�Sïýø�ô
ú � ô ù ø � ï�ñnú�ÿ�ó�ï�ò7ø�ü ú � î¦ú+�Nï � ï�ï�õ·ò
õ�,�ÿ�ï�õ�ñ�ï�ð �-�

T1

. ñ�ô$ÿ��#ð·ð�ï/� ú � T2,2 ÿ�õNø�ò%� T1 ï�òMø�î�ï�ù
ñ�ô$ü:ü:òMø�óEô ù�ú � ô ù ø�ó0��ó�ø�ò1�%�mú+�Nô ò*ð�ò
õ��ûð�ïnú�ð��*ôVñ����

8 �jï�ù�ò^ú2�#ò%3�ú � �#ïIï54�ï�ñ�ÿYø�ò*ô$õ�ó�ñnú�õ � ï�ù�ï � ï�ñCø�ï�ð�ò
ö�ø�î�ï � ð�ô�õ�ô�ø¨ú6� ù�ï�ï
÷Eò7ø�îJø�î�ï¨ø�ù�ú�õ�ó(ú)ñCø�ò#ô õ�ó87�ø�ò
üLï�óUøCú�ü:þ�ó�� ï�
��
 ï54�ï�ñ�ÿYø�ò
õ�� T2 ò
õKò7ø�ó
ï�õNø�ò*ù�ïCø �-9 ø�î�ï�õ T1 �

: ï�õ�ï�ù�ú��%� �<; ø�î�ï=�*ô�÷ ô/�Sï�ùUî�ïnú)ð�ó�ú�õ�ð·ó�ò
ü:þ��#ò#ñ�òMø � ü ú���ï�í>��? ��ôVôVð
÷5î�ï�õ�ñ�ô õ�,Áò#ñCø�ó�ú)ù�ï�ù�ú�ù�ï
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s(tBuJv%wxv%yzu�v%{0|	}�~�{����K�R��~�{*��|	}�~�u��R}�����s=|�|��	v%y�uJ����u���v1�R����v%~���}2�
w"�/{����6~�v%yKw �	���>v%�1���1}�}����hu��^}�����~��^}��K{/v�~��"v�yJ}�� �huJv1}�~

ä
s(tBuJv�w"v�yRuJv1{=yJ{�����wx��y¡�6y�yK��w"��u����Zu>{/}�~�{����R�K��~�u�u��J��~�y¢�2{*uJv%}�~�y
�J���K�/�£��{/}�~�¤¥v%{*u

ä ¦ �Zu����/��u�����~���~�yK���Kv�~��"v�yJ}��G�ZuJv1}�~§�����Rv�~��"�5¨��/{��Bu�v%}�~©�
uJ�J��~�y¢�2{*uJv1}�~�t��K}�{/�/�/��y���v%�R�/{*u��£�©�6~��ªyJ�/�Rv ���%v%«6�6¬�v1�%v£uW��v�y�{����/{���/�
�hu�{/}�w®w"v£u�uJv%wx�

ä ¯ yKy���w"v�~��°uJ��v�y>{����/{��±��yK���2�%�£�ªyK��{/{/�/�/��y²����~���v�y�v£uJy��/���P�³��yzu*�
u�����~©s=|�| ��v1�%�´tµ�/���^}��zw �	�/�1�

ä ¶%¶%¶ v·�Yu����={����/{��¸}2� u���~ª�³��v1��y�uJ����~�t¹�/�z�^}��Rwº��~�{/�»wº�+�¼¬µ��tµ}�}��
¬¹�/{Z����y��(uJ�����	}��z�ª��}�~��=�5¨��/{��Bu�v�~��½u�����uJ���6~�y5��{*u�v%}�~©v�y����6yRuJ�/�

¾ }���v%~�yzu*�6~�{/�¿{/}�~�y�v1���/��v%w®t��1��wx��~�u�v�~��±�0y������K�/��{/}���~�u��/����yJv�~��
�hu�}�w"v%{¿{/}�w®t��2�R�²��~��ªyz���6t´À

do {
old_val = counter;
new_val = old_val + 1;

} while (CAS (&counter, old_val -> new_val));

ÁBÂDÃ1ÄGÅ1ÂÆJÇKÄGÈNÉPÊRËRÃ%ÄGÈNÌTÃ�ÍWÎJÉYÏZÅ[ÍWÎJÃGÍ]Ð^ÄGÂDÑ`ÎJÃ ÊKÒÂDÉJÈ�ÓdÔ�Ó
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ä�å�æKç»è�ç�é�ç/æJê2ë%ë·ì-í�ê²îJæ�ê6é�ï5ê�ð*îJñ1å�é©ò�æRå�ð/ç/ç/ó�ï�ô�ìºî*ê6õ�ñ%é�è"ïKö�ê2ó�å/÷ ð/å�ò�ñ1ç�ï
å2øùçZê�ð�ö�å�ôBú�ç/ð*î¡ñ£î>û�ïJç�ï�üý÷�ö�ç�é�ñ£î�ê�ð/ð/ç�ï�ïJç�ï�ñ·î�ø^å�æ	îJö�ç�þ¥æzïRî�î�ñ�ÿ"ç������Nî
÷�å�æzõ�ï¡å�é¸î�ö�ç�ïJç»ï�ö�ê�ó�å8÷�ï�ï�åxð�ö�ê�é�è�ç�ï>æRç�ÿ±ê�ñ%é�ë%å�ðZê2ë��
��òµå�é�ð/å�ÿ®ÿ"ñ£î>ñ£î�ÿ0û�ïRî	�

ä 
 ê�ë%ñ1ónêhî�ç�î�ö�êZî�îJö�ç�î�ö�ç»ï�ö�ê�ó�å8÷�ï�÷�ç/æRç=ð/å�é�ïJñ�ïRîJç�é-î	�����
ä

����� ê6é�ó�é�å®å�îJö�ç/æ	î�æJê6é�ï5ê�ð*î�ñ%å�é�ö�ê�ï�ð/å�ÿ®ÿ"ñ£îKîJç/ó�ê6é�å�òµç/æJêhî�ñ%å�é�å�é
ê6é�å�ô�ú�ç/ð*î�÷�ö�ñ%ð¢ö�ð/å�é�¥ñ%ð*îJï�÷�ñ£îJö�å�é�ç=ñ%é�îJç�é�ó�ç/ó�ô�ìºî�ö�ñ%ï
îJæJê�é�ï¢ê2ð*îJñ1å�é

4
� ø���� îJö�ç�é�ð/å�ÿxÿxñ·î�îJö�ç»û�ò¹ónêZîJç�ï�îJå î�ö�ç»òµç/æzïJñ�ïRîJç�é-î>å�ôBú�ç/ð*îJï8í¥ñ�é
î�ö�ç»ï5ê6ÿ"ç¡î�æJê�é�ï¢ê2ð*îJñ%å�é��Wå�æKó�ç/æ�êhî¡ç���ç/æ�ì¸å�ô�ú�ç/ð*î

8
� ø é�å2î���� îJö�ç�é©ê6ôµå�æ�î	� ó�ñ�ïJðZê�æKó�ïKö�ê2ó�å/÷�ï�ê6é�ó�æRç*î�æ`ì

��é�î�ñ%ë<ð/å�ÿ®ÿ"ñ£îZí�û�òµónêhîJç�ï>ê�æRç�ÿ±ê�ó�ç�ë%å�ðZê2ë%ë£ì����¡ôµå�æ�î�ñ�ï�çZê6ïRì�����å é�ç/ç/ó
ø^å�æ>ê°æRå�ë1ë��]ô�ê2ð�õ¼ÿ"ç/ð�ö�ê�é�ñ�ï�ÿ
��å®ðZê6ïJðZê�ó�ñ�é�è¼ê�ô¹å�æ`îJï�å�æ�ó�çZê2ó�ë%å�ð¢õ
� ûBî¡ð/å�é�¥ñ%ð*îJï�øNå�æRð/ç»îJæJê�é�ï¢ê2ð*îJñ1å�é�ï�î�å®æKç*îJæ`ì

�! #"�$&%� ('*)+$&,.-0/212"�$&,.34"�576*-98�%:576*"&5<;=$& #>?6*" /+@( #-*,BADCFE
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ä XZYB[]\_^a`2bc`2b*[edgf�h�ikj�l�`nmpoB^+[edq[�f�b�fsrBt�[�^+[�fsl�`	up[wvyxpvzXn{|Y}f~`c`�[�[eo
X����y`nmpdqlPf�b*[�bMi�� rpm!bnoBisb�`�[�[eo�X��k�(`�mpd�lPf	bM[�b*i����

Validate
T2

Validate −> OK
T1

Object A Object B

ä XZYB[�`*[���i�oBl�`2b*[ed�f�h�ikj�l�`�t�ik`ab�mpd�lPf	b*[e`	uB[wv(xpvzX��]mpd�lPf	b*[e`c� fsoBl
�nu��cYBj��MY�X�{��Zi�mBt�l�i�h�[�^?��^2j�bM[�jF�0j�bc�cf~`�fs����[ed!bM[�l��

T1

T2
Validate

Validate −> OK

Object A Object B

�!�#�� &¡��(¢*£+ &¤.¥0¦2§2�� &¤.¨4��©7ª*¥9«�¡:©7ª*�&©<¬= &�#?ª*� ¦2®(�(¥�¤B¯D°²±´³
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ÇKÈsÉ�Ê�ËPÈ�Ì*Ê�ÍkÎÏÊ�ÐÃÌ*ÑBÒ�Ó�Í�ÔÖÕBÉ�Ò�×ØÕ}ÈÚÙ?Ì�ÍÚÛ�Ü�ÝÞÝÀßpà�ÐcápÐ+á}ÈÚÉ�Ì*ÑBÒ�Ù2Ò�ÈsÙ+Ò
Ì*ÙMÈsËpÒ�â7Í�ãqÐnä�Ò�Ì7åKÒ�ÒeÎØÌ*ÑBÒ�ÊFÔÖÕBÉ�ÒeÔæÒeÎ�Ì�È�Ì*Ê�ÍkÎÏÓ�ÍkÔçÕBÉ�Ò�×�Ê�Ì7è�é�êëÒeÎBÒ�Ù*ÈÚÉ�Ê�Ì7è
È~ÎBË�É�ÊFìëÒ�É�ÊFÑBÍ�ÍíË�Ì*Ñ}È	Ì]ÈÅÌ*ÙMÈ~ÎpÐ�ÈsÓ�ÌMÊ�Í�Î�Ô�ápÐaÌ�È~ä�ÍkÙîÌ
ï ÒwðyÉ�É�Ó�Í�ÎpÐ*Ê�ËpÒ�Ù�È�ñ�ÈÚÉ�Ê�ËPÈ�Ì*Ê�Í�Î�Ð*ÓMÑBÒeÔæÒ]ápÐ�Ê�Îpê

ä
ÈòÐ*ÊFÎpêwÉ�Ò�âóÌ�ÑBÙ+Ò�ÈsËpÒ�Ë�ñ�ÈÚÉ�Ê�ËPÈ�Ì*ÍwÙ

ä
Ì�ÑBÒ�ápÐ�á}ÈsÉ4ËpÊ�ÐaÌMÊFÎBÓ�ÌMÊ�Í�ÎÏä�Ò�Ì<åZÒ�ÒeÎ�Ó�Í�Î�ô_Ê�Ó�Ì*Ê�Îpê�ÈsÎBË�Ó�Í�ÔÖÔòá!Ì�È	ÌMÊ�ñ�Ò
Í�Õ�Ò�Ù*È�Ì*Ê�ÍkÎpÐ

õöÙMÈ~ÎpÐ�ÈsÓ�Ì*Ê�Í�ÎpÐ]ÈÚÙ2ÒòÈsÐ+Ð*ÊFêwÎBÒ�ËØÌ*Ê�ÔÖÒeÐ2Ì�ÈsÔçÕpÐÃåcÑBÒeÎØÌ*ÑBÒ�èØÕ}È~Ð�Ð
ñ�ÈsÉ�Ê�ËPÈ	ÌMÊ�ÍkÎ÷éPËpÒ�øBÎBÊFÎpê|Ì*ÑBÒ�ÍkÙ+ËpÒ�ÙÞÊ�ÎØåcÑBÊ�ÓùÑ�Ì�ÑBÒ�ÌMÙ*È~ÎpÐ�ÈsÓ�ÌMÊ�ÍkÎpÐ�Ñ}È�ñ�Ò
ä�Ò�ÒeÎ�Ð�Ò�Ù+Ê&ÈsÉ�ÊFúûÒ�Ë�ß�ï ÒwðyÉ�ÉöÈ~Ð�Ð*ÊFêkÎ�Ì*ÊFÔæÒeÐ2Ì�È~ÔÖÕpÐÃåcÑBÒeÎØñ�ÈsÉ�Ê�ËPÈ	ÌMÊ�ÍkÎ�Ð2Ì�ÈsÙîÌ�Ð
È~ÎBËüÌ*ÑBÒeÎ�Ò�Ê�Ì*ÑBÒ�Ù

ä
Ó�Í�Î�ø_ÙaÔ Ë�áBÙ+ÊFÎpê�ñ�ÈÚÉ�Ê�ËPÈ�Ì*Ê�Í�ÎØÌ�Ñ}È�ÌZÌ�ÑBÊ�ÐÃêëÊ�ñ�ÒeÐ�ÈÅÐ�Ò�Ù+Ê&ÈÚÉ�ÊFú~ÈsäBÉ�Ò�ÍwÙ2ËpÒ�Ùeé
ÍkÙ

ä
ËpÊFÐ*Ó�Í�ñ�Ò�ÙKÌ*Ñ}È	Ì�Ê�Ì�ËpÍíÒeÐÞÎBÍÚÌ�ÈsÎBËÏÈ~ä�ÍkÙîÌÞÌ*ÑBÒ�Ì*ÙMÈ~ÎpÐ�ÈsÓ�Ì*Ê�Í�Î

ýþÉ²È~ä�ÍkÙMÈ	ÌMÒ�Ð*ÓMÑBÒeÔÖÒeÐ�ÈsÙ+Ò�ÕBÙ2Íkä}È~äBÉ�è�ápÎpÎBÒ�Ó�ÒeÐ+Ð�ÈsÙîè ÿ�Ü�ÝÃÝ ÈsÐ+Ð�ápÔæÒeÐ
Ì*ÙMÈ~ÎpÐ�ÈsÓ�ÌMÊ�Í�ÎpÐ�ËpÍ ÎBÍsÌ�ápÐ�á}ÈsÉ�É è�Ó�ÍkÎ�ô_Ê�Ó�Ì

�������	����
���	�����������	�������������� ����	�"!#�	��$%�� ��&����'�)(+*-,%,
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HJI)KMLONQP�R�S;N�TUWVYXZN[R�\OT]NQR^\`_aNbP�R^_�TcUQdeTfVN[\`_gNQhiTR�Uj\`_=RkTlImN0_MN[hnhnKpo�TfKnSrq
s9NQP�R�S;NtTKnS s9N[P�R�S;N�TR�Uj\ u=v�wxKnhiT_ y@ozS;NtTKp_

TVN[\`_gNQhiTR�U{\ TfR^X|Kp_}TiN0X~o �`ozS;NtTKnS ��V�RkT�TKp\�vmN[hf�
T1 ��� ���m�l�;� � Kp_

T2 �W� � � Kp_

T3 �t� ���;� � U

ä
u=\)hnK�N�TVfN0\`_]N[hiTR�U{\�omN[_�_Kp_�LON[P�R�S;N�TR�Uj\ � R�T�h�N0\�o)V�U�hnKnKnS�TU���V�RkTfK
RkT'_��`ozS;NtTfKp_�vmNQhf�|TfUbTI)K�_�ImNQV�KnS�U{v�wxKnhiT'_

ä
HJI)Kp\�T'I)Kb���lV�RkT�TfKp\�vmNQhf�¡ �¢¡N0£¤h�N[\�vzK�_'KiT�d#UjV�RkT

� NQhfI�U{v�wxKnhiTcV�KnhnUjV�S�_YT'I)KMTR�X~Kp_�T]N[X¤o�U{deTI)K�X~Uj_}T�V�KnhnKp\OT
TVfN0\`_]N[hiTfR�U{\�TU¥�`ozS;NtTK3R�Ttq

u=v�wxKnhiT HYR^X|Kp_}TiN0X~o
� ���
� �n�
� �n�
� �j�
� ¦

ä § \�TI)R^_�h�N0_K
T3

R�_Y_�TR�P�P��lV�RkTR�\`£|vmN[hf��RkT'_��`ozS;NtTKp_tq¨RkTt ©_�S`U{\)K �v`��T�\)U[TYªOKiTcV�K�NQhfI)KnS �

«�¬��®	¯�¬�°±�®	²�³�´�µ��®	²�¶��·�¸³�¹�¯ ·�¸	·"º#®	¬�»%¸ ´�¼�¬�³'²)½+¾-¿ÁÀ
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Ò�ÓjÔ`Õ'Ö�×`ØnÙ
T4 Ú�Û Ö�Ü Û�Ý`Þ ×;ßtàfØpÕ=á ß[Ô)×ãâJä;áåØçæ�ÓjÙ�ØèÖ�àlÕ�à]ßQÙ%àÕ�é

ä ê ØnÜnÓWÙ�×�à Û ØMàÖ^ë|ØpÕ�à]ß0ë Þ ÓQæ�à Û Ø�ë|Ó{Õ�àlÙ�ØnÜnØpÔOàì�íZîOß[ì�Ö�×;ßtàfØn×
æ Ý ì�ì�íðï Ú Ù�Ökà�àfØpÔ�ï"ñmß[Üfò�àfÙß0Ô`Õ]ß[ÜiàfÖ�ÓjÔ�ó�Ö^Ô�à Û Ö�Õ�Ü�ß0ÕØ~ôjô{ä¨õ Û Ö�Õ Ú Ö�ì�ì�ñzØ
T4 ö ÕlÕ�à]ß[ÙxàYàfÖ^ë|Ø

÷ Û ØpÔ
T4

ß[ÜnÜnØpÕ'ÕØpÕcß[ÔOíøÓjñ�ùxØnÜiàlæ#ÓjÙJà Û ØaúûÙ�Õ}àYàÖ^ë|ØWé
ä

õüß0òýØ�ß�Õ Û ß[×`Ó Ú ÜnÓ Þ í�Ó{æeà Û Ø3Ójñ�ùxØnÜià ö ÕcÜ Ý Ù�Ù�ØpÔOàlÕ}àißtàØ
ä ê ØnÜnÓWÙ�×�à Û ØMàÖ^ë|ØpÕ�à]ß0ë Þ ÕØnØpÔ þ�ØWä�ÿ)ä�ô�� æ�ÓjÙ=á ß0Ô)×���æ#ÓjÙ=â��
� ß[ì�Ö�×;ß�àÖ�ÓjÔ Þ`Û ß[Õ'Ø~ôjé
ä

Ò�Ó{ë Þ ß[Ù�Ø3Ø�ß[Ü Û Õ Û ß[×`Ó ÚCö Õ�àÖ�ë~ØpÕ�à]ß[ë Þ ß[ÿðß[Ö�Ô`Õ}àlà Û Ø�Õ}àiß[Ù%àlàfÖ^ë|Ø
4 � Û ß[×`Ó Ú Ø�ß[Ù�ì�Ö�ØnÙ	�[Ø�
 Ý ßQì é Þ ß[Ùxà�Ó{æ¨ßbÜnÓ{Ô`ÕÖ^Õ�àØpÔOàcÕ'Ômß Þ Õ Û Ó[àaßtà

à Û Ø�Õ�à]ßQÙ%àlàÖ�ë~Ø~þ"á��mâ ñzÓ[à Û��� Û ØnÙ�Ø��
8 � Û ß[×`Ó Ú ì	ßtàfØnÙpéåÖkà�ëZßií Û ßçîOØèÕ'ØnØpÔ�ßbÕ Ý ñ`ÕØ�
 Ý ØpÔOà Ý`Þ ×;ß�àØ�Ô)ÓQà

ÕØnØpÔ�ñOí�Ó[à Û ØnÙ@Õ Û ß[×`Ó Ú Õ
� ß[ì�Ö�×;ß�àÖ�ÓjÔ Þ`Û ß[Õ'Ø���é
ä

Ò�Ó{ë Þ ß[Ù�ØMà Û ØMàfÙß0Ô`Õ]ß[ÜiàfÖ�ÓjÔ
T4

ß[ÿðßQÖ^Ô`Õ�àcØ�ßQÜ Û ØpÔOàfÙ%íøÖ�Ô�à Û Ø3ì�Ö^Õ�à
ß�æ-àfØnÙYÖ�à'ÕlÕ}àiß[ÙxàYàfÖ^ë|ØWé
4 � Ó Þ Ù�Ójñ)ì�Øpë Ö�æ7à Û Øií�×`Ó¥Ô)ÓQàlÜnÓjÔ��ûÖ�Üià
8 � ñzÓjÙxà

T4
Ö�æ ßbÜnÓ{Ô��ûÖ�Üià�Ö�ÕYæ�Ó Ý Ô)× þ Ú Ökà Û T3

Ó{Ô â Ö^Ô�à Û Ö^Õ
Ü�ß0ÕØ��
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FHG�IKJ	L*MON%IKP Q RTSVUWLYX

Z []\_^`[ba$[�[dcfe=g?h%[�[ba=ijg?[dkl[daHm

npo q]rtsvu a$[daw[yx�z?{-|-i�|}e~{���i	�T|-c���e$��z?h%[�^`[dc`e�i��pc?i u h%h,[dc`ewe$h	��c�ay��i�e	|-�pc�a
z�[�h��9��h,kl|-c���i���c���|-i�e$|-c����pz�[�h$��e$|-��c�a o�� e	h,|-i�e q]rYs [dc��9��h%i�[da�a,e$h%|-i�e
|�a$��{ ��e$|��pcv��c?����^���|���a�i���a$i�����|�c��������]h;e=a oK� ��e$g�k�� ���¡{-{-�£¢
��[�����{-�Ti	�

4 ¤ a$[¥¢wg?[dc�i���c`e$[dc`e	|-��c�|�a~{�|��][�{}����c?�¦��[�����{-�Ti	�¦� ^`�]|-�O���?{�[ o
¤ a$[ba�e	h,|�i�e q§rts |}�5e$h	��c�ay��i�e$|��pc�a¨�¡h,[©a=g?��hªe~�]h�i���a=i��¡��|�c��
�����]h;e=a~z?h%�p�?{�[dk���e$|-i

qTo «���¬ ��a=a$|���c�a�e	h$��c�ay��i�e	|-��c�a�e$���a$[�h,|C��{®��h,��[�h��Hewe=g?[¥e	|�k¯[¥e=g?[��
a�e���h;e o�° ��c¦��[bk¯����|}±�[���e	��[dc��9�]h,i�[ba,e$h%|-i�e²|�a$��{C�He$|��pc o´³ ��[dawc?��e
��[�����{-�Ti	��� u ewa$[�h,|C��{�|�µ����?{�[�[yx�[�i u e$|-��c�a�k�� �¶��[bh,[�·ª[�i�e	[��

4
� |�klz?{-[���c?�¦[ ¸¹[�i�e$|º^�[¥¢wg?[dc�i���c���|-i�e=a¥�¡h,[�h	��h,[ o�³ [�i�|�a$|-�pc�a
��h%[©k�����[b{-��i��¡{�e	��[��¡i	g��p��·ª[�i�eHm»¢´[�{-{¼a u |}e$[��½�(��hw��|�a,e$h,|-� u e$[��
a,�1a�e	[dk�a

¾1o ¬©°¿° �¡{-{���¢�awe$h$��c�aj�¡i�e$|��pc�a�e	�Àz?h%��i�[�[��¦|�c¦zÁ�¡h$��{�{-[�{Â�pc¦a=gÁ�����£¢
�p��·�[�i�e=aHÃ���[ �9[�h%h,|-c��li	g?[�ij��a u c`e$|�{�e$g?[���e$hª��e$�li��pklk¯|ºe

4 Ä ���T�¶¢wg?[dc�i��pc�e$[dc`e	|-�pc�|�a�h$�¡h,[ o»Å ��{�|-�O�He	��hwk������¡{-{���¢ k¯��h,[
��[yx�|-�?|-{-|}e8�fe=gÁ��c «���¬

Æ�Ç�È�É Ê�Ç"Ë$Ì%É Í(Î*Ï,Ð,È-É Í(Ñ/È1Ò3Ó$Î5Ô�Ê6Ò3Ó$È Ò8Õ9É Ç�Ö;Ó$È Ï,×"Ç"Î=Í?ØAÙCÚÜÛ



Ý�Þ�ßÂà�áÂâ�ã�ß®ã

äHåyæ ç è�é�è�ê	ëdì í-è´ê	îÀè=ï�ð�ð�î�ñ;ê¥ò�ó�î�ñªêyò�ó?ô-ëbê	ñ$ò�õ�èjò¡ö�ê$í-î�õ�è�ê=÷Áò�ê~î�ð�ë�ñ$òHê	ë
îpõ�òøOò�êyòùè�ê	ñ�ï?ö�ê$ï?ñ,ë©÷?ë�ô�ø¦îpõ?ôºé¦í�õ¦ì�ò�í-õ¦ìlëdì¯î�ñªé�ú

û ò]ü ý~ë þ?õ?ë�ò�õ?ø¦ø�í�è,ê$í-õ�ÿ�ï?í-è%÷�ê=÷?ëbð?ñ,î�ð�ë�ñ;ê$í�ëdè~î��*í-è=î]ô òHê	í-î�õ ò�õ?ø
è,ê$ñ,í�ö�ê²í�è$î�ô ò�ê$í�îpõ®ú

û óÁü ý~ëdè=ö�ñ%í�ó�ëbè�ê	ñ,í�ö�êwê��´î�å8ð�÷Áò�è$ë ô�î�ö��Tí-õ�ÿ û�� å	��
�®ü�ò�õ?ø½÷?î�� íºê
ëdõ��9î]ñ,ö�ëdè�è�ê	ñ,í�ö�ê~í-è=î]ô òHê	í-î�õ®ú

û ö�ü � ÷ÁòHê~í�ìlðÁò�ö�ê��Kî�ï?ô-ø¦ó�ë¨ì�ò¡ø�ëbó`éfö	÷Áò�õ�ÿ]í-õ�ÿ��9ñ%îpì � å	��
���ê	î
î�ñ%ø�í�õÁò¡ñ;é���
���
� îpï¦è=÷?îpï?ô�ø¦èyò�é��w÷ÁòHêwê=÷?ë©ö�î�õ�è=ë���ï?ëdõ?ö�ëdè�ò¡ñ,ë û íCüKø�ï?ñ%í�õ�ÿ�ò
ê$ñ	ò�õ�èyò�ö�ê	í-îpõ�� è²ë���ë�ödï�ê	í-îpõ�� û í�í ü��w÷?ëdõ�ò�ê$ñ	ò�õ�èyò�ö�ê$í�îpõ òHê%ê$ëdìlð�ê=è
ê$îlö�îpìlì¯íºê²ò�õ?ø û í�í-í ü���÷?ëdõ�ò ê$ñ	ò�õ�èyò�ö�ê	í-îpõ ò�ó�î]ñ;ê=è��
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MONQPSR"TSU	VWP�V XZY\[

]_^	` acbedgfWhji,k�bmlon�prqEsut_qvtwi4x9i4q,nzy fWb{nzi�|Gb}q�~�n�p	�Ab�p4y t}i��\n��&��t}i
hj|oq�nz|GfWn�f�dWiEh5|W�O�o^	`��� �Ay�n=tZiEdGp4n�f�h5|�q,n�p	y�i�b���q,sGn�y�n=t}|
|{dWy���n�p�b���q�p,t}|Wi�t�k�q,h5b�|Wi�qEsut=q�k�b�y�y�h�q�n=t}k�s�i,n�k�be|Gf�������dW����nzi4q
��soxOq,sGhji�y�t�x�� n�hj|�qEsGnv�Ab��5�5bm��h5|W�¡iEh¢qEdut=q,h5b�|WivtZ|Gf�fWnzi,k�p4h5��n£t}|
nz|WsutZ|Gk�nzy�nz|oq�b�p¤t}�¢q,n�p4|ut_q,h¢lon£y�n�k�sutZ|GhjiEy �0b�p�k�be|GkzdGp4p-nz|Gk�x
k�be|oq�p4b��¥�Ab�p�n=t�k�s�¦
��t�� §rsGn¨�rb�p4©��5bªt}f«��nz|Gn�p�t_q,nzi��Ap-n�¬ªdGnz|oq¤k�be|oq�nz|oq,h&be|�Ab�p��5b{k�©{im�

§rsGn®k�b�y�y�h�q�p,t=q,n®i,bey�n�q,h5y�nzi�fWp4b�~Wi�q�b��ItZ|Gf�q,sGnz|gp4nzy�t}hj|Wi
t_q���¯mn�p-b��

�A�u� �9bey�n¨q,p�tZ|Wi�t}k�q�h5be|Wi�dW~ f�t=q,n�i,n�lon�p,t��Sbe�"°	n�k�qEi_±9q,sGnz|�~�n�p	�Ab�p4y
~Gp4h¢lot_q,n²k�bey�~Wd"q�t_q�h5b�|��Ab�p¤t³�5be|W��~ n�p4h&b{f�b���q�hjy�n�� n´�Ab�p-n
y�tZ©�h5|W��b�|GnvµG|ut}�¶dW~ f�t=q,n��

�0k=� ·�b�|oq,nz|ªq,h5b�|�h5i�n�¸9q,p4nzy�n���x�p,t�p4n��

¹"º$»&¼(½&º*¾,¿-¼(À0Á2Â4Ã4»5¼(À0Ä7»9Å�Æ,Á<Ç=½>Å�Æ,»(Å@ÈA¼(º$ÉCÆ,» Â4Ê*º*ÁEÀGËIÌKÍÏÎ



ÐOÑQÒSÓ"ÔSÕ	ÖWÒ�Ö ×=ØrÙ

Ú=ÛÝÜoÞ ß à	á9à4â,ãzä åjà�æWà,åjçWè�éoÛ	ê�ë�ì«â�í�ãzçWàEæGî4ã¨â,ïGã�àEã�î-å(ð}ñ&åjòZð}óGñ5ãwã�ô�ã�õzæ"â,å&íeç
í�ö÷ð�è�î4í�æWøí�ö<â,î�ðZçWà�ð}õ�â,å&íeçWà_ù\é�æWøWø íeà,ã¤â,ïuð_âvð�çGã�ú û�åjçGü�íeö
â,î,ð}çWà�ð�õ�â,å&íeç«å5à�â,í³ó ã�àEæWøWø í�îCâ�ã�ü�ú�ïGå&õ�ïåjà�â,í�ñ5ã�î�ðZçoâ�â�í�üWå5îÝâ@á
î4ã=ð}ü�àýðZçGü�â�í�æWçGî-ãzø ã=ð_â�ð}óGñ5ãQî-ã=ð}ü�à_ù
þ ð�ÿ ��ãzàEõ�î-åjó ã�ïGí�ú âEïGã�çGã�ú â,î�ðZçWà�ð}õ�â,å&íeç õ�íeæGñ&ü�øGî4í{õ�ã�ã�ü��Gåjç

â,ã�î4ä�à�í�ö<ú�ïGãzçgå¢â�ä�æWà	â¨ð}õ��ªæGå&î4ãwð}çGü�î4ã�ñ&ã=ðZà,ãQñ5í{õ�û{à�íeç�â,ïGã
íeó��Ýã�õ�âEà�öAî-íeä ú�ïGå&õ�ïgå�â þ å_ÿ�î4ã=ð�ü�à¤ð}çGü þ å&åmÿræWø ü�ð_â�ãzàmù

þ óuÿ ��í{ãzà�àEæWøWø í�îÝâ,åjçWè�â,ïGåjà�çGã�ú û�å5çGügí�ö�â�î,ð}çWà�ð�õ�â,å5í�ç«ïuð��oã�ðZçoá
åjä�øuð}õ�â�íeç�â,ïGã£éoÛ	ê�ë�ì ð�ñjè�í�î4å¢âEïWä æWà,ã�ü�óoáOâ,ïGã®ã�ô�åjà4â,å5çWè
íeçGãzà
	

ë2ðZà4â�ã�ô ð}ä �{æGãzà	â�å5íeçWà����������ë<ð}ø�ã�î���������ê�����wë2ðZø ã�î�Ü���
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JLKNMPORQ�STK UWV X SZY\[C] S�KNM_^a`�KaScb d e0^gfhfji)klf

mnSTKo`�i)^hQp[ e0KaMPORQ�STK

ä q.r�s=tcu0v�wxrZy�wxz(t�{G|�}~w1t�r
ä �_��t��<�Z�R|�z(��{1tTv~�TwxrZy
ä ��wx����z0}
|�����t�u)�Z��u0w1rZy
ä �l��}(wx��wxz0}(w"v�v�t�rCv��Cu)u0��rCv���v�t�r�}(u)t�{

� `�KaS�`�i0Ko� ^\��O�]�i0[ e)KaMRORQ�S�K

ä �ot�y�y�wxrZy
ä �hu(|�z)�nu0��v�t�����u?�
ä � �C��v~�¡�otcwxr�}(z

¢�£ ¤"¥$¦"£&§(¨)¥$©,ª.«0¬0¤1¥$©,3¤�®6¯(ª8°9¦:®6¯(¤$®<±=¥$£ ²?¯(¤ «)³&£ ª(©C´EµG¶



·¹¸NºT»C¼½»¡¾�¸a¿�¾ »¡¾ÁÀ�ºZÂÄÃ�¸

ÅÇÆAÆ)ÈZÉ�ÊÌËÎÍIË�Ï1ÐÒÑ<Æ½Ó~Ô�ÕnÉ�Ô¡ÖZÊ�Ð3Ô�ÍÄ×�Ø~Ë�ÆAÙCÊ�ÆÚÏxÛ�ÜÝÙCÏ"×~Ù

ä
ÓAÙCÊ�×�Ô�ÛÞÓ(Ê�Û�Ó(Æ�Ô�Í8É¹Ë�ÏxÛßÉ�Ê�É�Ô�Ø?à áIË�ÛCÖnË�âoÔ�ãÞÊ�ÏxÛ�Ó(ÙCÊ�É�Ê�É�Ô�Øäà
ÙCÏ1Ê�Ø(Ë�Ø0×~ÙÞàCå�ÏxÆ�Ð1Ô�Æ0Ó

ä
ÛCÔ�Û�ÑIã�ÔcÐ$Ë9Ó(Ï1Ð"Ê�Æ0Ó(ÔcØ(Ë�æ�ÊÌÏ1ÆÝÕCØ)Ê�ÆAÊ�Øäã�Ê�Ö áçÊcè&æZègÖ�Ë9Ó
ËÎÜ�Ø0ÏéÓ0Ó~Ê�ÛßÓ(Ô�ÖZÏxÆAê�å

ë ÍaÜìÊWÜjË�Û�Ó�ÓAÙCÊíÆ0Ó
Ë�Ó~Ê�Ô�ÍîË�ÛïÔ�â�ðäÊ�×�ÓÝÓ(ÔLâPÊíÕCØ)Ê�ÆAÊ�Øäã�Ê�ÖnË�×�Ø0Ô�ÆAÆpË
É¹Ë�×~ÙCÏ1ÛCÊ�×�Ø(Ë�ÆAÙñÓ(ÙCÊ�Û�Ü�ÊíÉòÈZÆ0Ó�Ê�ÏÒÓ(ÙCÊ�Ø

ä
Ê�ÛZÆ)ÈCØ)ÊWÓAÙRË�ÓÚÆAÈ�ó�×�Ï1Ê�ÛÞÓÚØ)Ê�ÕCÐ1Ï1×9Ë�ÆÚÊ
ô�ÏxÆ0ÓÚÔ�Û�ÖZÏéõöÊ�Ø0Ê�ÛÞÓ�É¹Ë�×~ÙCÏ1ÛCÊ�Æ
ÓAÙRË�ÓÝÓAÙCÊ�Ø)ÏxÆAê÷Ô�Í.Ð1Ô�ÆAÏ1ÛZæ¹Ë�Ð1Ð_ÏxÆ�Ó(ÔcÐ1Ê�Ø(Ë�âCÐ1ÊøáEù.Ë�Ø?Ó0Ñ ë)ëìú ÏxÆ0Ó(Ø)ÏxâZÈ�Ó~Ê�Ö
û à�Æ½Ó~Ê�É�Æ
å

ä
Ê�ÛZÆ)ÈCØ)ÊWÓAÙRË�ÓÝÓAÙCÊ�Ê�ÛCÔ�ÈZæ�Ù�Ï1Û�Í=Ô�Ø0ÉøË9Ó(Ï1Ô�ÛnÏ1ÆìÜÚØ0ÏÒÓ)Ó(Ê�Û�Ó(Ô
ÛCÔ�Û�ÑIã�ÔcÐ$Ë9Ó(Ï1Ð"Ê�Æ0Ó(ÔcØ(Ë�æ�ÊÌÏ1Û�Ô�Ø0ÖZÊ�ØìÓ(Ô�Ø0Ê�×�Ô�ã�Ê�Ø�Ó(ÙCÊíÆ½Ó�Ë�Ó(ÊòË9ÍGÓ~Ê�ØÚË
Ø0Ê�Æ0Ó
Ë�ØäÓ

ü Ë�ÛñÜìÊìð?ÈZÆ½ÓÝÜ�Ø)ÏÒÓ~Ê�Ô�â�ðäÊ�×�Ó�Æ0Ó
Ë9Ó(ÊpÓ~Ô�ÖZÏ1Æ)ê¹âPÊ�Í,Ô�Ø0ÊÌÊ�ã�Ê�Ø?àñ×�Ô�É�É�ÏéÓ
ý
á,ÊcèþæZè\ÏxÛ�ãÞÔ�êTÏ1ÛZæ

flush()
Ô�ÛñË�ÛÞà�êTÏ1ÛCÖøÔ�Í8ÿ�Ë�ã�Ë

OutputStream
å

8 � Ô�ÓÚÖZÏ1Ø0Ê�×�Ó~ÐÒà�� Ó(ÙCÊpÍ Ë�Ï"ÐxÈCØ0ÊÌÉøË�à�Ô¡×�×�ÈCØ�ÕRË�ØäÓ½ÑIÜÝË�à�ÓAÙCØ)Ô�ÈZæ�ÙßÓAÙCÊ
ÖZÏxÆAê�Ü�Ø)ÏÒÓ(Ê á=ÕRË�ØäÓ(Ï"×�ÈCÐ$Ë�Ø)ÐÒà�Í=ÔcØjÐGË�Ø0æcÊÎË�É�Ô�ÈZÛ�ÓAÆÚÔ�ÍÄÖ�Ë�Ó
Ëcå

�����	��
	������������������������������ �!
"�������$#%����&'��� ��(�����*),+�-
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J KMLONQP*R�SUTHV*R�WYXZX�[*K\P@V]S9^_X�K`W�abX�NcT�Xd^fegKhTji

kml J n�WoX�K`S@KpXp^qW	RrTsNut XH[*K\V*n�NQV]NmT�KOSvP@V]S9^_X�KwXxNy^qa{z|n�WYX�Kd}6^q[*K!^qS~R	Nme
� K l e l W�a�^�T�Wr��V*R�K`L!^qTHK`egWo��W�a@e�X�[*K`NQR	S�^fa*SUa*Kpz �g^uRrP*KhT|Nut XH[*K
S9^_Xd^��@N�nCegWo��W�a@e�^�R�W�T6X�Nut�T��0^qR	R�KOn�P@V�S9^!X�KhTI^fTw^�T�KpX�Nut
(address, old , new)

X�P@V*R�KhT

0 1 2 3 4 5 6

48 65 6C 6C 6F 21 00

1: 65 -> 45
2: 6C -> 4C
3: 6C -> 4C
4: 6F -> 4F

Log

�4l � n�N4LOKOKOS�X�[*n�NQP@eQ[UX�[*K�R�NQec�0^f�4W�a@e�X�[*K\P@V�S9^!X�KhT

0 1 2 3 4 5 6

6C 6F 21 00

1: 65 −> 45
2: 6C −> 4C
3: 6C −> 4C
4: 6F −> 4F

Log

48 4C45

� nx^fTH[~S�P*n�W�a@e k
⇒

a*NcP@V]S9^_XxKhT�V]KOn�t�NQn6�yKOS
� nx^fTH[~S�P*n�W�a@e �

⇒
n�Kd}�Lx[*KOLx�{R�Nme*�@KOWYXH[*KOn�P@a*S@Nv��THNca*N�Lx[�^qa@e�KhTd�<N�n

n�KOS@N��%T�N�^uR�R2Lx[�^qa@e�KhTZ��^uS@K!�
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¾v¿QÀ�Á\Â�ÁhÃ*ÁOÀ�ÄuÅ�ÅYÆÈÇÉÁ`Ê!ÄfÃ�À�ÁOÊO¿QÀ�Ë~Ë@ÁpÌdÄqÍ	ÅrÎ�¿mÏ ÐÒÑ*ÅoÌ�Í�Ó*Å�ÁMÌxÀ�ÄqÃ@ÎÔÄuÊpÌ�Í�¿QÃ@ÎIÍrÃ
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