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bool breakpointHandler( int number ) {
sendMessageToGlobalDebugger( number );
bool breakpoint_removed = receiveContinueMessageFromGlobalDebugger();
return breakpoint_removed;

}

void breakpoint_handler_i() {
saveApplicationState();
// U_THIS_TASK is a pointer to the currently executing user-level thread
if ( U_THIS_TASK->bp_check[ i / 8 ] & (1 << (i % 8)) ) { // breakpoint set for thread

if ( breakpointHandler( i ) ) { // tell global debugger
asm(

�

sub RA, -8, RA
�

);
restoreApplicationState();
return;

}
}
restoreApplicationState();
asm(

�

! reserve as many NOP instructions as needed to store the temporary code
nop
...
! final return to jump back into the application
jmp address_after_breakpoint_code

�

);
}
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break Philosopher.cc:82 if k1 == 9
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integer [ == | != | >= | <= | > | < ] integer

1
pointer [ == | != | >= | <= | > | < ] pointer
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breakpoint N

condition associated with thread id

breakpint 0

breakpoint 1
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9M@>OWE =Z R81?9MEb@ 14E 1B365 T E#cAR T C>5^!6V6_b_o5 = 7 � 1B3>9 7 9 7 C>Eo@65HEb@ T " Eb@gch5 
 � � 3[5 breakpointHandler
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pointer
� � 365HE < 5 = RP1N9JEo@uc^RP@ !n5 Eo@65�E8O�14365�OWE TYT E�� 9J@[_ �

<, <=, >, >=, !=, ==
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this->id
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i

*A
i

P->A
RP@nC

S.A
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bool breakpointHandler( int number ) {
bool breakpoint_removed = false;
ULThreadId thread_id = U_THIS_TASK;

if (bpConditionMask[number] == true &&
bpCondition[number].search(thread_id) == NULL) {
sendRequestForConditionToGlobalDebugger( number );
bpCondition[number] = receiveConditionMessageFromGlobalDebugger();

}

if (bpConditionMask[number] == false | |
EvaluateCondition(bpCondition[number].search(thread_id)) == true) {
sendMessageToGlobalDebugger( number );
breakpoint_removed = receiveContinueMessageFromGlobalDebugger();

}

return breakpoint_removed;
}
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��R = 9 RP! T 5 $nE =mZ � IoR T VnR81?9MEb@ EPO,1B365	0�C[C = 58747

A absolute_address(A)

*A contents(A)

P->A contents(P) + offset(A)

S.A absolute_address(S) + offset(A)
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address = fp + offset

��365 = 5 address
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9 7�1B365 O = R Z 5 < E89M@>145 =
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9 7�1B365 = 5 T RP1N9MIK5 RbC6C = 58747 EPOl14365 T E#cAR T IbR = 9 RP! T 5 �
$ 9M_oV = 5,' � ' 7?36E��l7 14365	7?1mRoc � O = R Z 5 OWE = 1B3[5 e � 0 � d R = cm3>9M1B58c 1BV = 5 � � 365 fp

EPO(14365
Vn7N5 = OWV6@nc 1?9MEb@ cARP@ !n5 = 5A1 = 9M5AIK58C 1B3 = EbV6_o3 14365

fp
O = E Z 14365

breakpointHandler(i)
OWV6@gch1?9MEb@ � 7N5A5 $ 9J_oV = 5�' � ! 
 i�7L9M@nch5F1B3[5 cAR T T 5 = � 7 fp

9 7 7N1BE = 58C�Eo@ 14365 cAR TYT 5^5 � 7H7?1Rbc.� �
� 365

offset
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1 $nE = 1B3[5 e � 0 � d R = cf3#9J1458ch14V = 5Ki���365A@	1B365 = EoV61?9M@65 breakpoint_handler_i()
9 7(cAR TYT 58C i
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sp + register_offset[register_number]

��365 = 5 sp
9 7 1B365H7N1mRoc � < EP9M@>145 = EPO 1B3[5 Vg7?5 = OWV6@nch1N9JEo@�i register_offset
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%fp (old %sp)

arrays, aggregates, and addressable
Space (if needed) for automatic

scalar automatics
%fp - offset

     . . .     Current Stack Frame

16 words in which to save register

window (in and local registers)
%sp

%sp + offset

Next Stack Frame

Previous Stack Frame

Stack Growth

(decreasing memory address)

$ 9M_bV = 5 ' � ' � � 3[5 e ��0 � d GH7?5 =He 1mRoc � $ = R Z 5
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(where the breakpoint is set)

User Function

breakpointHandler_i

breakpointHandler(i)

calls

calls
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#define MAX_CMD_LEN 256

#define MAX_VAR_LEN 64

#define MAX_COND_LEN 128

#define MAX_PATH_LEN 256

#define MAX_PRINT_LEN 1024

typedef enum {BP_SET, . . ., TERMINATE} MessageType;

typedef int NotifyMsg;

typedef void* ThreadId;

typedef void* ListId;
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82 // breakpoint at line 82

�
Table::pickup // breakpoint in the function pickup

�
Philosopher.cc:82 if k1 <= 10
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struct {

MessageType message_type;

ThreadId thread_id;

char break_cmd[MAX_CMD_LEN+MAX_COND_LEN];

};
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struct {

MessageType message_type;

NotifyMsg notify_msg;

};
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Table::pickup

�
Philosopher.cc:82
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struct {

MessageType message_type;

ThreadId thread_id;

char clear_cmd[MAX_CMD_LEN];

};

� 365	7?1 = Vnc 1BV = 5 E8O�R�@6Eo1?9 X cAR81?9MEb@ Z 5D7B7BR8_b5�O = E Z 1B3[5 _ T Eb!nR T C>5A!6V[_b_b5 = 9 7l7?36E���@�!n5 T E�� �



� � � � � ��� �)��� 
 
 � ��� � ��� �
	�� ��� ��	 '0:

struct {

MessageType message_type;

NotifyMsg notify_msg;

};
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struct {

MessageType message_type;

ThreadId thread_id;

};
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struct {

MessageType message_type;

NotifyMsg notify_msg;

};
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struct {

MessageType message_type;

ThreadId thread_id;

};
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struct {

MessageType message_type;

NotifyMsg notify_msg;

};
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struct {

MessageType message_type;

ThreadId thread_id;

char var_name[MAX_VAR_LEN];

};
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struct {

MessageType message_type;

NotifyMsg notify_msg;

char print[MAX_PRINT_LEN];

};
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struct {

MessageType message_type;

int pid;

char path[MAX_PATH_LEN];

};
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struct {

MessageType message_type;

NotifyMsg notify_msg;

};
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struct {

MessageType message_type;

};
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struct {

MessageType message_type;

NotifyMsg notify_msg;

char list_name[MAX_VAR_LEN];

ListId id;

};
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struct {

MessageType message_type;

int thread_id;

};
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struct {

MessageType message_type;

};
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struct {

MessageType message_type;

};
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!#"u_b5A@[5 = R81?9M@6_ T Eb@6_ T 9M@6587 9J@ 14365 1 = RP@n7 T R81B58C EbV[1 < V61 � ��3#9;cm3 9 7 ��3#" 1B365�5��gR ZF<>T 5 9M@
$ 9M_bV = 5 ! �Jp � Rb7�58CK9J1458C 
 � � 3>9 7�R <6<>= E Rbcm3 Z 58R8@n7�1B3gRP1�chE ZF< 9 T RP1N9JEo@ 5 =B= E = 7F_b5A@65 = RP145
chE =B= 5Dch1 T 9M@65 @>V Z ! 5 = 7 RP@nC 7N1B5 <6< 9J@[_ O = E Z T 9M@65 14E T 9M@65 � cAR TYT 58C�@65��[1?9M@6_ 
 Vn7L9M@6_ 14365
C>5A![V6_b_o5 = 3>9 C>587�1B3[5�1 = RP@n7 T RP1B5DC chE#C#5Ki ![V61 @[Eb1H7N1B5 <6< 9J@[_�9M@>14E = EoV61?9M@6587�9J@#IKE �K5DC � 9M1B3>9M@
R T 9M@65 � cAR TYT 58C 7N1B5 <[< 9M@6_ 
 � � 365 1 = RP@n7 T RP1B5DC chE#C>5 9M@nc T VnC#587�R�@#V Z !n5 = EPO C>58c T R = RP1N9JEo@n7hi
9M@nc T VnC]9M@6_ R C>5hO/R8V T 1 chEb@g7?1 = Vnch14E = R8@nC C>587N1 = Vgch1BE = OWE = 1B365S1mRb7 �

Dummy
i ��3>9 cf3 R = 5

9M@n7?5 = 1B5DC�! 5 OWE = 5�14365l7?1RP145 Z 5^@>1 int x
� � @FC>5A1RD9 T i]5DRbcm3 � d! " 1Rb7 �	3nRb7 1B365 OWE T T E�� 9M@6_FcAR T T 7

9M@n7?5 = 1B5DC � uBaseTask::uBaseTask
i

uSerial::uSerial
i

uQueue<uBaseTaskSL>::uQueue
i

uSerialConstuctor::uSerialConstuctor
i

uTaskConstructor::uTaskConstructor
i RP@nC
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 � � � �)� ����� ��� � r>p

� ����� �.����+ � +2�+ ��/0�1+2� ����� �.����+
uTask Dummy{

int x;
void main() {

int i = 8;
x = 8 * i;

}
};

void uMain::main(){

Dummy dummy;

int z = 9;
int y = 10;

}

class Dummy : public uBaseTask {
private:

uAction uDestruct;
Dummy(Dummy&);
Dummy& operator = (Dummy&);

protected:
uSerial uSerialInstance;
uBaseTaskQueue uEntry00;

public:
~ Dummy(){{

uSerialDestructor u0007(uDestruct,uSerialInstance,uEntry00,0x00);{
uTaskDestructor u0008(uDestruct, (uBaseTask&) *this);

} }
}
Dummy (uAction uConstruct = uYes) { { uDestruct = uConstruct; {

uSerialConstructor u0009(uConstruct, uSerialInstance); {
uTaskConstructor u0010(uConstruct,*this,”Dummy”,uSerialInstance);

} } }
}

private:
int x ;
void main ( ) { uTaskMain u0006 ( uSerialInstance ) ; {

int i = 8 ;
x = 8 * i ;

} }
};

void uMain :: main ( ) {
uTaskMain u0011 ( uSerialInstance ) ; {

Dummy dummy ;

int z = 9 ;
int y = 10 ;

} }

$ 9M_oV = 5 ! �Mp���0 e R ZF<>T 5 d! - � = Eo_ = R Z RP@nC 9M1m7 � = RP@n7 T R81B58C d! - �d(E#C#5
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uSerialConstructor::~uSerialConstructor
�

� V = 9J@[_ R�C#5A!6V6_o_P9M@6_ 7N587B7:9MEb@�i(R Vn7N5 = � EbV T C 5�� < 58c 1HR 7?1B5 <6< 9M@6_�E < 5 = R81?9MEb@uOWE = 14365
C>58c T R = R81?9MEb@

Dummy dummy;

1BEF1 = RP@n7:OW5 = 1BE T 9M@65

int z = 9;

!n58cAR8Vn7?5	1B365A" C]9 CU@6Eo1 � = 9J145 R chEo@n7?1 = Vnc 1BE = OWE = 1B3[5 1Rb7 � � ��E�� 5AIK5 = i]9M1l1 = RP@n7:OW5 = 7 14E�14365
X6= 7?1 T 9M@65H9M@�1mRo7 � Dummy

int x;

7L9M@nc 5�1B3[5 9M@n7N5 = 1458C c Eb@n7N1 = Vgch1BE = OWE = Dummy
9 7 C#5 X @658CuEo@ 1B3gRP1 T 9M@65 �;= 5 Z 5 Z !n5 = 1B365

7?EoV = c 5�9J@ $ 9M_bV = 5 ! �Mp�3nRo7 !n5A5^@ 58C]9M1B58C 
 � � 3>9 7 1 = RP@n7:OW5 = cAR8@ @6Eb1 !n5 RAIKEP9 C>5DC i�7:9J@gch5
1B3[5 = 5H9;7�@6E ��RA"�14E �>@[E ��9YO�1B365Fc Eb@n7N1 = Vgch1BE = ��Ro7 <>= E8IK9 C>58C�!#"�1B3[5�Vn7N5 = E = 1B365 � d! - 
1 = RP@n7 T RP1BE = � � 3[5 = 5hOWE = 5Ki6Vg7?5 = 7 Z Vn7?1l7:9 ZF<>T " _b5A1�Vg7?5�14E 1B3>9 7lRbC6CK9J1N9MEb@nR T 1 = R8@n7LOW5 = �

��E�� 5AIK5 = i(RP@ RoC6C]9M1?9MEo@nR T 7N1B5 < E < 5 = RP1?9MEo@ !#"u1B3[5�Vn7N5 = C#EK587�@6Eo1 = 5A1BV = @ RDOW1B5 = 14365
C>58c T R = R81?9MEb@ E8O dummy

� � @n7N1B58RoC ib9J1,1 = R8@n7LOW5 = 7k9M@#1BEH1B365 OWV[@nch1?9MEo@ uBaseTask::uBaseTask
i

��3>9 cm3�9;7l1B365	!nRb7N5 c T Rb747HchEb@n7N1 = Vnch1BE = OWE = RP@#" uTask
c T Rb747 � Z E = 5 9M@n7?5 = 1B5DC�chE#C>5 
 � � 3#9;7

1 = RP@n7:OW5 = E8O(c Eb@#1 = E T 9 7.@[E � IK5 = "FchEb@>OWVg7L9M@6_�OWE = Vg7?5 = 7 9M@�C>5A!6V6_o_P9M@6_F1B365 9 = <>= Eo_ = R Z 7�RP@nC
R T 7NE = 58\KV>9 = 587F7?E Z 5 �#@6E�� T 58C>_b5 E8OH1B3[5�9 ZF<>T 5 Z 5A@#1mRP1N9MEb@ C>5A1RD9 T 7 EPO � d! " � 0 7L9 Z 9 T R =
7L9M14VnRP1N9JEo@ E#cAchV = 7 ��3[5A@ R�1Rb7 � 5��#9M1m7 inRb7�1B365�9M@n7?5 = 1B5DCUC#587?1 = Vnch14E = E8O(1B365H1Rb7 � 9 7lcAR TYT 58C �

� 365 = 5HR = 5�1 � E < E 7B7L9M! T 5F7NE T V61?9MEo@n7 14E 1B3>9 7 <>= Eb! T 5 Z � � @ E = C>5 = 1BEFC]9 7Bc Vn7B7 14365 Z i]9M1.9 7
X6= 7?1l@658ch58747BR = "F1BE T EKE � R81�36E�� 7L9M@6_ T 5F7N1B5 <[< 9M@6_�9 7 9 Z�<>T 5 Z 5A@#1B58C�9M@ � ��� �
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� @ � ��� i a R = 1?9M@ 9 ZF<>T 5 Z 5^@>1458C 1B365 1 = RoC]9M1?9MEb@nR T R <6<>= E Rbcm3 OWE = 7:9J@[_ T 5 7?145 <6< 9M@6_ EPO�R
Vn7N5 = � T 5AIK5 T 143 = 58RoC�!#" 9M@n7N5 = 1N9M@6_�145 Z�< E = R = " ! = 5DR � < E89M@>17 9M@�14365l1mR = _b5A1�R <6<>T 9 cARP1N9JEo@�i&chEb@ �
1?9M@#V>9M@6_ 1B365FR <6<>T 9 cARP1N9MEb@�i(R8@nC = 5 Z EPIK9M@6_ 14365 ! = 5DR � < E89M@>17 RAOW1B5 = ��R = C67���0�7 Z 5A@#1?9MEo@658C i
1B3[5 = 5 R = 5�1 ��E E < 5 = RP1N9MEb@n7�OWE = chEo@>1 = E T T 58C RoC>IoRP@ncm9J@[_�EPO&5��[58chV[1?9MEb@ � � � � ' i ��3>9 cm3FC>EK587�@6Eo1
7?145 < 9M@>14E 7NV6! = EoV61?9M@65D7hi�R8@nC % ' � �ni ��3>9 cm3uC#EK587 � $nE = 5DRbcm3 �]9M@nC EPO E < 5 = R81?9MEb@ i Z V T 1?9 <>T 5
! = 58R � < EP9M@>17 Z RA" !n5 9M@n7N5 = 1458C RP@nC = 5 Z E8IK58C RDOW145 = � R = C67 �

0�C>5hO/R8V T 1�! = 5DR � < E89M@>1 9 7�7?5^1lRP1 14365�!n5A_89J@[@>9M@6_ EPO,1B3[5�@65��[1 T 9M@65�9M@U14365H7NEbV = ch5HchE#C>5 �
0�C6CK9J1N9MEb@nR T ! = 58R � < EP9M@#1m7lR = 5�9M@n7N5 = 1458C�9 O.RP@#"�E = R T T E8O�14365�9M@n7?1 = Vnch1N9MEb@n7�R = 5	C>5A1458ch1458C 9M@
1B3[5�c V =B= 5A@>1 7?EoV = ch5 T 9J@[5��

1 < BCF4F � 9YO,1B365HE < 5 = RP1N9MEb@U9 7 % ' � �ni6R�! = 58R � < EP9M@>1�9 7�7?5A1lR81�1B365`1mR = _b5A1lRoC6C = 587B7 E8O�14365
cAR TYT �

1 9�=JGS2�9?3 � R�! = 58R � < EP9M@#1 9 7l7?5A1 9M@�14365	cAR TYT 5 = � 7 OWV6@nch1N9JEo@ RAOW1B5 = 14365	cAR TYT �

1�N�9;BJ3#<ID � 9YO 1B365l1mR = _o5A1�RoC6C = 5D7B7 9 7(! 5^"KEb@nC 1B365`7Bc E < 5�EPO 14365`chV =B= 5A@#1 T 9J@[5Ki6RH! = 58R�� �
< EP9M@#1 9 7l7?5A1lR81 14365H1mR = _b5^1�RoC6C = 5D7B7 �

0 OW145 = 1B365	! = 5DR � < E89M@>17�R = 5�9J@g7?5 = 1B58C in1B3[5�1B3 = 58RoC 9 7�chEo@>1N9J@#V658C V6@#1?9 T Eo@65 EPO 1B365	! = 58R�� �
< EP9M@#1m7 9 7�5A@nchEoV6@>145 = 5DC i6R8@nC 1B365A@�R T T 1B5 Z�< E = R = "U! = 58R�� < EP9M@#1m7lR = 5 = 5 Z EPIK5DC �

�	������� � � &(����� �  �$��	,�� $/��"%& � � & "

� 365 = 5	R = 5H1 � E < E 7B7L9M! T 5F7NE T V61?9MEo@n7 OWE = C>58R T 9M@6_ � 9M1B3 1 = RP@n7 T RP1B5DC�chE#C>5�9M@#IKE T I]9M@6_ @6E =Z R T
OWV6@nc 1?9MEb@n7�� � 3[5 X6= 7?1l7?E T V61?9MEb@ 9 7 Z E = 5H_b5A@65 = R T � � 365 C#5A!6V6_o_b5 = cm3658c.�67�9YO�9M1 9 7l7?1B5 <6< 9M@6_
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9M@>14E RP@�9M@n7N5 = 1458C = EoV61?9M@65 i T 9(�K5 uBaseTask::uBaseTask
� � O�9M1 9 7hi�14365 7:9J@[_ T 5 7N1B5 <[< 9M@6_ 9;7

Z E#C]9 X 58CU14E �

% ' � �
�

! � ' � ! � % ' � �
�

% ' � �

� 365 X6= 7?1 % ' � � 7?145 < 7 9M@#1BE uBaseTask::uBaseTask
i�RP@gC 1B3[5 ! � ' � ! � % ' � � 7?1B5 < 7�EbV61FEPO

uBaseTask::uBaseTask
� � 365 T Rb7N1 % ' � �S7?1B5 < 7 9M@>14E 1B365 @[5��61H9M@n7?5 = 1B58C = EbV61N9J@[5 9M@ 1B3#9;7

cARo7?5Ki
uSerial::uSerial

�(0 @gC i#R�7L9 Z 9 T R = cf3[58c �H9 7 C>Eo@65 OWE = uSerial::uSerial
i#RP@nC R�7L9 Z 9 T R =

Rbc 1?9MEb@ 9 7U1mR��K5A@�� � 3>9 7 Rbch1N9JEo@ 9 7 C>Eb@65 OWE = R TYT 9J@g7?5 = 1B58C chE#C>5SC>5 X @[58C Eb@ 1B3nR81 T 9M@65 �
Q 365A@ 14365 T Ro7?1�OWV6@nch1N9MEb@�9 7�5��>9M1458C in1B365 T Rb7N1 % ' � � Z E8IK587 1BE 14365 @65��[1l5��65DchV61?9MEo@ < EP9M@#1 �
0 T 1B3[EbV6_o3 1B3>9 7 Z 5A1436E#C ��E = �67 i 9M1 9;7FIK5 = " 1?9 Z 5�c Eb@n7NV Z 9M@6_[il7L9M@nch5 OWE = 58Rocf3uOWV6@nc 1?9MEb@
cAR T T 58C&i Z V T 1N9 <#T 5 7?145 < 7�R = 5�1R �K5A@��

� 365H7N58chEb@gC 7?E T V[1?9MEb@ 9;7 14E�5��gR Z 9M@65�14365�1 = RP@n7 T RP1B5DCUc E#C>5 OWE = _ = EbV < 7 E8O(c Eb@n7N58chV61N9JIK5
cAR T T 7�� R8@nC�@65��[1lEPIK5 = 14365�5A@#1?9 = 5�_ = EbV < ��$ E = 5/�nR Z�<>T 5Kin@6Eo@65 EPO�1B3[5 9M@n7?5 = 1B5DCUOWV6@nch1N9JEo@n7
RP1	1B365 7?1R = 1�EPO RU1Rb7 � @65A5DC�14E�!n5�5^@>145 = 58C � � 3[5 = 5hOWE = 5Ki @65��[1?9M@6_�EPIK5 = 1B365 7L9M@6_ T 5 T 9M@65
9M@n7?5 = 1B5DC�!#"�14365�1 = RP@n7 T R81BE = OWE = R T T 14365lcAR TYT 7 9M@F1B3nR81(_ = EoV <FZ E8IK587�1BEH1B3[5�@65��[1�5��[58chV61N9JEo@
< EP9M@#1Ai69 � 5 �Ji

int z = 9;

OWE = 14365 <>= Eb_ = R Z 9M@ $ 9M_bV = 5 ! �Jp � � 3>9 7 Roch1?9MEo@U9 7�RbcAc E ZF<>T 9;7N3658C !>" 7L9 ZF<>T " cf3gRP@6_89J@[_�14365
7L9M@6_ T 5 7?145 <6< 9M@6_SE < 5 = R81?9MEb@ 9M@>14EuR�@65/�61N9J@[_ E < 5 = RP1N9MEb@�i ��3#9;cm3 <#= 5AIK5A@#1m7H7N1B5 <6< 9J@[_�9M@#1BE
RP@#"�OWV6@nc 1?9MEb@SC>5 X @[58C�Eo@ 14365 1 = RP@n7 T RP1B5DC T 9J@[5 � 7N5A5 e 58ch1N9MEb@ ! �Jp �Jp 
 � � 365 C]9 7BRbC#IbR8@>1RP_o5
EPO 1B3>9 7HR <[<>= E Rbcm3 9 7 143nRP1H14365FRbch1N9MEb@ 9 7HC>5 < 5A@nC#5A@>1`Eb@u14365 < R = 1?9 chV T R = chE#C>5 7?5D\]V65^@nch587
_b5^@65 = R81B58C !#"�14365H1 = RP@n7 T R81BE = � � 3>9 7l7?E T V[1?9MEb@�9 7�R = 5 X @[5 Z 5^@>1(EPO,1B3[5 X[= 7?1l7NE T V61N9JEo@�i&RP@nC
C>EK587 @6Eo1 _b5A@65 = R T 9��A5�1BE R TYT 7:9J14VnRP1N9MEb@n7�� � 3>Vg7hi � Vg7?58Cu1B3[5�7N58chEo@nC 7?E T V61N9MEb@ ��365 = 5AIK5 =
< EK747L9M! T 5Ki�R8@nCUVn7N58C 1B365 X6= 7?1`7?E T V[1?9MEb@ Eo1B365 = � 9 7?5 �



� � )� � ����
 � � � �)� ����� ��� � r�!

�	������� * �6�	")& �	� ����� * �;$/��" . "!�'��,

� d! " 7?V <6< E = 1m7�9M@>145 = @nR T RP@gC�5��6145 = @gR T 7Bcm3658C>V T 9M@6_ � 9M1B3>9M@ Eo!��m58ch17k143nRP1 <>= EPIK9 C>5 Z V614VnR T
5��gc T Vn7L9MEo@�� � 365S7?1mR81B5 Z 5A@#1m7�OWE = 9M@#1B5 = @nR T 7Bcm3658C#V T 9J@[_ R = 5 uSignal

RP@nC
uWait

� � 365
7?1RP145 Z 5^@>1�OWE = 5��[1B5 = @nR T 74cf3[58C>V T 9M@6_�9 7 uAccept

� 9M1B3 c T RPVn7N587 uWhen
i

uOr
R8@nC

uElse
�

� Rbcm3�E8O�1436587?5l7N1mR81B5 Z 5A@#1m7 9 7 1 = R8@n7 T RP1458C�9M@#1BE�Eo@65lE =�Z E = 5 OWV6@gch1?9MEb@ cAR TYT 7 R81.1 = R8@n7 T RP1N9MEb@
1?9 Z 5 ��d T 58R =4T " i OWE = 1B3[587?5 � d! " T R8@6_bVgRP_b5 7?1mR81B5 Z 5A@#1m7 i chEo@>1 = E T 7N36EbV T C @6Eb1 1 = R8@n7LOW5 =
9M@>14E 1B365 1 = RP@g7 T RP1458C OWV[@nch1?9MEo@n7U_o5A@65 = RP1B5DC OWE = 14365 Z !#" RS7?1B5 < E < 5 = RP1N9MEb@�� � 3#Vn7hi`R
7?145 < E < 5 = R81?9MEb@ 7N36EbV T Cu!n5�5D\]V>9MIoR T 5A@#1�14E�RU@65��[1HE < 5 = RP1?9MEo@���0 uAccept

7N1mR81B5 Z 5A@#1 9 7
1 = RP@n7 T RP1B5DCU9J@#1BE OWV6@nc 1?9MEb@n7�1B3gRP1�3nRAIK5HV6@>9 \KV65H@nR Z 587hi>OWE = 5/�nR Z�<>T 5Ki#1B365	7N1mRP145 Z 5A@>1^i

uAccept (z);

9 7 1 = R8@n7 T RP1458C�1BE 14365 T 9J@[5 � 7N36E���@�365 = 5	Rb7 Z V T 1?9 <>T 5 T 9M@6587 
 i

unsigned int uHere ;

uSerialInstance . uAcceptStart ( uHere ) ;

if ( uSerialInstance . uAcceptTry ( uEntry02 , 0x02 ) ) {

u0013 : ;

. . .

� 3#Vn7hi>OWE = 58Rbcm3�7?1B5 < E < 5 = R81?9MEb@�Eb@ R 74cf3[58C>V T 9M@6_ OWV6@nch1N9JEo@�in1B365	C>5A![V6_b_o5 = cf3gRP@6_o587.9M1 14E
R�@65��[1 E < 5 = R81?9MEb@�9M@n7N1B58RoC � 0l_KRD9M@�i6143>9 7 ��E = �67 !n58cAR8Vn7?5H14365�1 = RP@n7 T RP1B5DC�chE#C>5�9 7�RF7L9M@6_ T 5
T 9M@65�E8O�d! - 2chE#C>5 �

��E�� 5AIK5 = 143>9 7.74cf3[5 Z 5(O/RD9 T 7 OWE = chE ZF<>T 5���7?1mR81B5 Z 5A@#1m7 1 = R8@n7 T RP1458C�9M@#1BE Z V T 1N9 <#T 5 7?1mR81B5 �
Z 5A@>17�RP@nC = EbV61N9J@[5 cAR T T 7 i OWE = 5��gR ZF<>T 5Ki
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uWhen ( fred() ) uAccept (z);

��3>9 cm3U9 7 1 = R8@n7 T RP1458CU14E�14365 T 9J@[5 � 7N36E���@�365 = 5	Rb7 Z V T 1N9 <#T 5 T 9J@[587 


unsigned int uHere ;

uSerialInstance . uAcceptStart ( uHere ) ;

if ((fred ( )) && uSerialInstance.uAcceptTry( uEntry02, 0x02 )) {

u0014 : {

. . .

� 365 74cf365 Z 5FC>5D7Bc = 9J!n58CSRP!nE8IK5 7 �]9 < 7H1BE�14365F@65��[1 T 9M@65Ki(R8@nC @65^IK5 = 5A@#1B5 = 7�1B365FVn7?5 =
OWV6@nc 1?9MEb@

fred()
i ��3>9 T 5F7?145 < 7?36EoV T C�5A@>145 = 14365�OWV6@nch1N9MEb@��

� 3>Vg7hi61B3[5 % ' � � E < 5 = R81?9MEb@�9M@#1BEF1B365�OWV6@nc 1?9MEb@ uAcceptStart
9 7lcf3gRP@6_o58CU14E �

% ' � �
�

! � ' � ! � % ' � �
�

% ' � �

��3>9 cm3 5A@n7?V = 587�c Eb@#1 = E T 7?145 < 7k9M@#1BE�14365�Vn7N5 = OWV6@nc 1?9MEb@ fred()
� � Og1B365 = 5 9 7 @6EHVn7?5 = OWV6@nch1N9MEb@�i
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unsigned int uHere ;

uSerialInstance . uAcceptStart ( uHere ) ;

uTraceAcceptStart ( uTraceInstance ) ;

if ( uSerialInstance . uAcceptTry ( uEntry02 , 0x02 ) )
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uCoroutine Prod {

Cons *c;
int N, status;

void main() {
int p1, p2;
// 1st resume starts here
for ( int i = 1; i <= N; i += 1 ) {

. . . // generate a p1 and p2
status = c->delivery( p1, p2 );
if ( status == . . . ) . . .

} // for
c->delivery( -1, 0 );

}; // main
public:

Prod( Cons *c ) { Prod::c = c; };
void start( int N ) {

Prod::N = N;
uResume; // restart Prod::main

}; // start
}; // Prod

uCoroutine Cons {
int p1, p2, status;

void main() {
// 1st resume starts here
while ( p1 >= 0 ) {

// consume p1 and p2
status = . . .;
uSuspend; // restart Cons::delivery

} // while
}; // main

public:
int delivery( int p1, int p2 ) {

Cons::p1 = p1;
Cons::p2 = p2;
uResume; // restart Cons::main
return status;

}; // delivery
}; // Cons

int main() {
Cons cons; // create consumer
Prod prod( &cons ); // create producer

prod.start( 10 ); // start producer
} // main
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uCoroutine Prod {
Cons *c;
int N, money, status, receipt;

void main() {
int p1, p2;
// 1st resume starts here
for ( int i = 1; i <= N; i += 1 ) {

. . . // generate a p1 and p2
status = c->delivery( p1, p2 );
if ( status == . . . ) . . .

} // for
c->delivery( -1, 0 );

}; // main
public:

int payment( int money ) {
Prod::money = money;
. . . // process money
uResume; // restart prod in Cons::delivery
return receipt;

}; // payment
void start( int N, Cons *c ) {

Prod::N = N;
Prod::c = c;
uResume;

}; // start
}; // Prod

uCoroutine Cons {
Prod *p;
int p1, p2, status;

void main() {
int money, receipt;
// 1st suspend starts here
while ( p1 >= 0 ) {

// consume p1 and p2
status = . . .
receipt = p->payment( money );

} // while
}; // main

public:
Cons( Prod *p ) { Cons::p = p; };
int delivery( int p1, int p2 ) {

Cons::p1 = p1;
Cons::p2 = p2;
uResume;
// restart cons in Cons::main 1st time
// and cons in Prod::payment afterwards
return status;

}; // delivery
}; // Cons

int main() {
Prod prod; // create producer
Cons cons( &prod ); // create consumer

prod.start( 10, &cons );// start producer
} // main
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Current Stack Frame

Next Stack Frame

EIP  (return address)

EBP (previous stack frame)

OLD ESP

EBX

EDX

ECX

EAX

EBP

ESI

EDI

EFLAGS

Space for the Current Function

%EBP

%ESP

%EBP - 36 (pushf)

%EBP - 32 (pushal)

Stack Growth
(decreasing memory address)

Previous Stack Frame

(breakpointHandler)
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 i R O/Ro7?1 ! = 58R � < EP9M@#1 � 7?5^5 e 58c �
1?9MEo@ � � � � � 
 9 7�9 Z�<>T 5 Z 5A@#1B58C !>" = 5 <#T Rocf9M@6_ 1B365 E = 9M_P9M@nR T 9M@n7N1 = Vnch1?9MEo@n7 � 9M1B3 R < BCF4F 9M@ �
7?1 = Vnc 1?9MEb@u14E R ! = 58R�� < E89J@#1�3gRP@nC T 5 = i OWE TYT E�� 58C !#" R 3C:J7 9M@n7?1 = Vnc 1?9MEb@ � 14365 C>5 T RA" 7 T Eb1 
 �
e 9M@nch5 d � e d Z Rbcm3>9M@6587HC>E @6Eo1 = 58\KV>9 = 5 C>5 T RA" 7 T Eo1m7 RAOW1B5 = 1 = R8@n7LOW5 = 7hi Eb@ T " 1B3[5 < BCF4F 9M@ �
7?1 = Vnc 1?9MEb@H9;7�9J@g7?5 = 1B58CHRP1 1B3[5 RoC6C = 587B7 E8O614365 ! = 58R�� < EP9M@#1 � � 365 � @#1B5 T ' )br < BCF4F 9M@n7N1 = Vnch1?9MEo@
9 7 ! !#">14587 T Eb@[_6i ��3>9 cf3F7 < RP@g7 14365 5^@>1N9 = 5 ��� !#9J1 RbC6C = 587B7,7 < Roch5 � �`E ��5AIK5 = iA1B365�@#V Z !n5 = EPO
!#">14587.14E�!n5 = 5 <#T Roch58C cAR8@U!n5HV < 1BE p^q�!#"#1B587 T Eo@6_ � 5 � _ �Ji[R ' !>"#1B5l9J@g7?1 = Vnch1N9JEo@�OWE TYT E�� 58C
!#" R p�! !>"#1B5�9M@n7N1 = Vnch1?9MEo@ 
 � � 3#Vn7 i�7?E Z 5 3C: 7 9J@g7?1 = Vnch1N9JEo@n7 3nRAIK5 1BE�!n5 9M@n7?5 = 1B58CSRDOW1B5 =
1B3[5 < B;F-F 9M@n7?1 = Vnch1N9MEb@�9YO Z E = 5H1B3nR8@ ! !>"#1B587(EPO(E = 9M_P9M@nR T 9M@n7?1 = Vnc 1?9MEb@n7`R = 5 = 5 <>T Rbch5DC �

� @>145 T '*)br chEo@nC]9M1?9MEo@nR T �mV ZF< 9J@g7?1 = Vnch1N9JEo@n7 � Jcc 
 cARP@�! 5 ��E = r !#">14587 T Eb@6_ � $nE = 14365
��!#">145 T Eb@6_ 9M@n7?1 = Vnch1N9MEb@�in1B365 C]9 7 <>T Rbc 5 Z 5^@>1lRoC6C = 5D7B7 = R8@6_b5D7.O = E Z p�� ) !#">14587.!n5hOWE = 5�14365
9M@n7?1 = Vnc 1?9MEb@ 14E p � : !#">14587�RAOW1B5 = 1B3[5 9M@n7N1 = Vnch1?9MEo@�� � 3>Vn7 i 9YO	R � !>"#1B5

Jcc
9M@n7N1 = Vnch1?9MEo@

9 7 = 5 <>T Rbch58C RP1F1B365�! = 5DR � < E89M@>1 RoC6C = 587B7 i.9M1 Z Vn7?1 !n5 cf3nR8@6_b5DC 1BESRuchE =B= 587 < Eb@gC]9M@6_ r
!#">145 T Eb@6_ Jcc

9M@n7N1 = Vgch1?9MEb@g7�7?E�9M1�5��[58chV614587 c E =B= 58ch1 T " RP1�14365H1B5 ZF< E = R = " T E#c^RP1?9MEo@�9J@ 14365
! = 58R � < EP9M@>1 3gRP@nC T 5 = � 0 @ V6@nchEo@nC]9M1?9MEo@nR T �mV ZF< 9M@n7N1 = Vgch1?9MEb@ � jmp 
 cARP@ R T 7?E !n5'�UE = !
!#">145 T Eb@6_[i.143>Vn7 R ��!#"#1B5

jmp
9M@n7?1 = Vnch1N9MEb@ R81 1B365 ! = 58R�� < E89J@#1 RbC6C = 587B7 Z Vg7?1FR T 7NE !n5

cm3nRP@6_o58C 1BE R !�!#"#1B5 T Eb@6_ jmp
9M@n7?1 = Vnc 1?9MEb@�� � 365 = 5 OWE = 5 inRP1 T 58Rb7N1 �.:�!#"#1B587 � 5 � _ �Ji6� 1 � E��

!#">145 �mV ZF< 9M@n7N1 = Vgch1?9MEb@g7`OWE TYT E���58C�!#"�R�p�!F!>"#1B5H9J@g7?1 = Vnch1N9JEo@ 
lZ Vn7?1l!n5 = 587N5 = IK5DC 9M@ 14365
! = 58R � < EP9M@>1�3gRP@nC T 5 = 14E 7N1BE = 5�1B3[5 ��E = 7N1lcARb7N5�1B5 Z�< E = R = "�9M@n7N1 = Vgch1?9MEb@g7 � 7?5^5�$ 9M_bV = 5�' �Mp 
 �

� 365 = 5 9 7(R <>= Eo! T 5 Z 9YO,R N�9�B 3#<ID < E89M@>17.1BEH14365 Z 9 C6C T 5lEPO 7NE Z 5 9M@n7N5 = 1458C ! = 58R�� < E89J@#1
9M@n7?1 = Vnc 1?9MEb@n7�� $nE = 5/�nR Z�<>T 5Ki 9M@ � RP! T 5 r �Jpoi R ! = 5DR � < E89M@>1H9;7	7?5A1	R81 T 9M@65 p � � e 9M@nc 5�14365
9M@n7?1 = Vnc 1?9MEb@ Eb@ T 9J@[5up �U9 7#' !>"#1B5D7 T Eb@6_[i.14365 @65��[1 9M@n7N1 = Vgch1?9MEb@ Eb@ T 9M@65upop R T 7?E @65A58C[7



� � � �%� 	 ����� � � ����� � 	�� 	 ����� ��� � � ��	�� � � � � ��� )>p

1BE !n5 = 5 <>T Roch58C 7L9M@nch5 14365FcAR T T 9M@n7N1 = Vgch1?9MEb@u9 7 ! !#">14587 T Eb@[_ � � @ 1B3>9 7	cARb7N5Ki : !#">14587�R = 5
= 5 <>T Rbch58C 1BEU9 ZF<>T 5 Z 5A@>1H14365�! = 58R�� < EP9M@#1�9M@n7?1 = Vnch1N9MEb@�� � O RU! = RP@ncm3�9M@n7N1 = Vnch1?9MEo@ < EP9M@#1m7
RP1 T 9J@[5�pop�E = RbC6C = 587B7 0x800057a

i6RP@gC�9 7 1mR �K5^@ ��3>9 T 5H1B365`! = 58R�� < E89J@#1 9 7 9 ZF<>T 5 Z 5^@>1458C i
9M1�5��[58chV[1B587lRP1	1B365 ! � � !>"#1B5FEPO 1B365

call
9M@n7N1 = Vgch1?9MEb@ � � 3>9 7 <>= Eb! T 5 Z 9 7�7:9 Z 9 T R = 14EU14365

7L9M14VnRP1N9JEo@ Eb@u14365 e ��0 � d R = cf3#9J1458ch14V = 5 ��365 = 5 R N�9;BJ36<8D < EP9M@>17 14E�1B3[5 RoC6C = 5D7B7 = 9M_b3#1
RDOW145 = 1B365F! = 58R � < EP9M@>1 RbC6C = 58747 � 1B365 nop

RAOW1B5 = 14365 call 
 � � E�3gRP@nC T 5F1B3>9 7	7L9M1BVnR81?9MEb@ Eb@
1B3[5 e � 0 � dli81B365`chE#C>5lEPO 1B365lchV =B= 5^@>1 OWV[@nch1?9MEo@�9 7.cm3658c.�K58C�OWE = ! = R8@ncm36587�1BEH1B3#9;7(RoC6C = 5D7B7
!n5hOWE = 5�1B3[5 145 Z�< E = R = " c E#C>5 9 7._o5A@65 = RP1B5DC i6R8@nC�9YO,R ! = RP@ncm3F1BE�143>9 7�RbC6C = 58747 9 7�C>5A1458ch1B5DC i
1B3[5FRbC6C = 587B7lEPO�1B365 ! = 58R�� < EP9M@#1 9 7HRbC �mVn7N1B58C�!#"� 	p ��$ E = 1B3[5 9(' )or>ik9YO R�! = RP@ncm3 1BE 1B3>9 7
RbC[C = 58747 9;7HC>5^1B58ch1458C i 14365FRbC[C = 58747�EPO�14365 ! = 58R � < EP9M@>1�9 7HRbC �mVg7?1B5DC�14EU14365 !n5A_P9M@6@#9J@[_ EPO
1B3[5 @[5��61l7NEbV = ch5 T 9J@[5 �

� �1�  ���/0- & ��+2/67 � �6�� �
� ���+ � ������+�� � �  ��� ������������ � ������+�� � �  � ��������������
p �

0x8000576 movb $0x61,0xffffffff(%ebp) 0x8000576 call _bphandler_0pbp
0x800057a movb 0xffffffff(%ebp),%al

0x800057b nop
0x800057c nop

� R8! T 5 r �Mp���0 ��Eo1B5A@#1?9 R T � = Eo! T 5 Z

� 365�145 ZF< E = R = " chE#C#5 9M@�14365H! = 58R�� < E89J@#1l3nRP@nC T 5 = OWE = 14365H_b5A@65 = R T c^Rb7?5�9 7l7?36E���@U9M@
$ 9M_bV = 5 r � � � � 365 9M@n7N1 = Vgch1?9MEb@g7

movl %ebp,%esp // redo function save

popl %ebp

addl $4, %esp // skip return address

= 5D7?1BE = 5�1B365 T E#c^R T 7N1mRP145 E8On1B365 R <6<#T 9 cAR81?9MEb@ � e 9M@nch5�1B365 call
9M@n7?1 = Vnch1N9MEb@ < Vn7?3[587k14365 = 5A1BV = @



)�� ��� ���'� 	�� � ����
 � � 	 
 	 � ��� ��� � ��� ����� � � ���

RbC[C = 58747 Eb@#1BE 14365 7N1mRbc.�&i 143>9 7 RoC6C = 587B7 3gRb7 14E !n5 = 5 Z E8IK58C�O = E Z 1B365 7?1Rbc.�U9M@ E = C>5 = 14E
5��[58chV6145�14365 E = 9J_89M@nR T 9M@n7?1 = Vnch1N9MEb@n7 c E =B= 58ch1 T " � � 3[5 chE =4= 58c 1 = 5^1BV = @ RoC6C = 587B7 9 7 < Vn7?3[58C
Eb@#1BE 14365 7N1mRbc.� RAOW1B5 = 1B365 E = 9M_P9M@nR T 9M@n7?1 = Vnc 1?9MEb@n7FR = 5 5��65DchV61B5DC � 7?36E���@ Eb@ 1B3[5�7N58chEo@nC
T Rb7N1 T 9M@65 
 �

movl %ebp,%esp // redo function save
popl %ebp
addl $4, %esp // skip reuturn address

original instruction 1
original instruction 2
. . . . .
original instruction i // at least 5 bytes

pushl ReturnAddress
retl

$ 9M_oV = 5	r � � � � 5 Z�< E = R = "�d(E#C#5

� 2S@;7 ������������������� �

� 365�R = _bV Z 5A@#1�EPO jcc
RP@nC

jmp
9M@n7N1 = Vgch1?9MEb@g7�R = 5 RoC �mVn7N1B58C ��365A@ Z E8IK58Cl1BEl1B365(1B5 Z�< E = R = "

T E#cARP1N9MEb@�i�7:9M@nch5�14365H1mR = _b5^1lRbC6C = 587B7 9 7 c^R T chV T RP1458C = 5 T R81?9MIK5H1BEF1B365 <>= Eb_ = R Z chEoV6@#1B5 = �

< BCF4F �������������������

+ 9(�K5�1B365 � 2 @C7 9M@n7N1 = Vnch1?9MEo@n7hi614365�R = _bV Z 5A@#1�E8O call
3nRb7�14E�!n5lRbC �mVn7N1B58C ��365A@�9M1 9 7 Z EPIK5DC

1BE 14365 145 Z�< E = R = " T E#cARP1N9MEb@�� ��E���5AIK5 = i�14365 = 5 R = 5 1 � E <>= Eo! T 5 Z 7 � 9J143 1B3>9 7 � $ 9 = 7N1Ai�R
!nRoc �#1 = Rbch5�E8O�14365HchV =B= 5^@>1(OWV6@nch1N9JEo@�cAR TYT 7 ��EbV T C�9M@nc T VnC>5 breakpoint_handler_i()

9J@g7?1B5DRbC
EPO	14365 cAR TYT 5 = O = E Z 14365�E = 9M_P9M@nR T chE#C#5 � 7N5A5 $ 9J_oV = 5 ' �Jp 
 � $nE = 5��gR ZF<>T 5Ki�R !nRoc �#1 = Rbch5



� � � �%� 	 ����� � � ����� � 	�� 	 ����� ��� � � ��	�� � � � � ��� )��

� EoV T C T EKE � T 9(�K5�1B365lEb@[5H7?36E���@�9M@ $ 9M_bV = 5Hr � � 9M@n7N1B58RoC EPO 1B3[5 Eo@65H7?3[E ��@ 9M@ $ 9M_oV = 5Hr � ' �

breakpoint_handler_i()
7?36EoV T C @65AIK5 = !n5�7?5A5^@u!>" 1B3[5UVg7?5 = � e 58chEb@gC i 9M@ 1B3[5 5��gR ZF<>T 5

7?3[E ��@ 9M@ $ 9J_oV = 5 r � �>i]9YO(14365�Vn7N5 = 7?145 < 7 143 = EoV6_b3�1B365�OWV6@nc 1?9MEb@ g
i>5��[58chV[1?9MEb@ 5A@nC[7 V < 9J@

1B3[5 OWV[@nch1?9MEo@
breakpoint_handler_i()

Rb7�1B3[5 Vn7N5 = 7?145 < 7�EbV61 EPO6OWV[@nch1?9MEo@ g
� � 3>9 7�7L9M1BVgRP1?9MEo@

cAR8Vn7?587lRP@ 5 =4= E = in7L9M@nc 5�! = 58R � < EP9M@>17 c^RP@ @6Eb1l!n5 9M@n7N5 = 1458C�9J@ R�! = 58R�� < EP9M@#1 3gRP@nC T 5 = �

#0 g () at handler.cc:8
#1 0x804beb2 in breakpoint_handler_i ()
#2 0x8089726 in uMachContext::uInvoke ()

$ 9M_bV = 5 r � � � � @nc E =B= 58ch1 � Rbc.�>1 = Rbc 5

#0 g () at handler.cc:8
#1 0x8049ed2 in uMain::main (this=0x80e9c88) at handler.cc:12
#2 0x8089726 in uMachContext::uInvoke ()

$ 9M_bV = 5 r � ' ��d(E =4= 58c 1 � Rbc.�>1 = Rbc 5

jl@u1B365 e ��0 � d R = cm3>9M1B58c 1BV = 5Ki 1436587?5 <>= Eo! T 5 Z 7 R = 5 RAIKE89;C#58C !#" <>T Rocf9M@6_uR
restore

9M@n7?1 = Vnc 1?9MEb@ = 9M_b3#1 RAOW1B5 = 1B365 call
9M@n7?1 = Vnc 1?9MEb@�� � 3[5 = 5^1BV = @ RbC[C = 58747�9 7 7?5^1�!#" restore

9M@n7?1458RbC E8O
call

� jl@ 1B365 � @#1B5 T '*)brFR = cf3>9M1458ch1BV = 5KiK1B3[5 call
9M@n7N1 = Vnch1?9MEo@U9 7 @6Eb1 Z E8IK58C�9J@#1BE

1B3[5�! = 58R�� < E89J@#1 3gRP@nC T 5 = � � @n7?1458RbC ib9M1�9 7 = 5 <>T Rbc 58C�!>" R jmp
9M@n7?1 = Vnc 1?9MEb@ Ro7(7?36E���@ !n5 T E�� �

pushl return_address // 5 bytes

jmp function_address // 5 bytes



) ' ��� ���'� 	�� � ����
 � � 	 
 	 � ��� ��� � ��� ����� � � ���

� 3>9 7l7?V6!n7N1?9M1BV[1?9MEb@ EPO,1B365
jmp

OWE = 1B365 call X �6587 !nEo1B3�E8O(1B3[5 <#= 5AIK9MEbVn7 <>= Eo! T 5 Z 7 �

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

� 365 = 5 9;7 @6ESC]9"!&5 = 5A@gch5 9J@ 5AIoR T VnR81?9M@6_ 7N1mRP1N9 cUIoR = 9;R8! T 587�Eo@ 1B3[5 9('*)bruR8@nC e � 0 � d R = �
cm3>9M1B58ch14V = 5D7 � � 365 = 5�9 7 7?E Z 5SC]9"!&5 = 5^@nch5�9M@ 5^IbR T VnRP1N9J@[_ = 5^_P9 7?145 = RP@nC T E#cAR T IbR = 9 RP! T 5D7 �
0�7 Z 5^@>1N9JEo@658CU9M@ e 58c 1?9MEb@ ' �Jp � �>inIoR = 9 R8! T 587 9M@ chEo@nC]9M1?9MEb@gR T 5�� <>= 58747L9MEb@g7`OWE = c Eb@nC]9M1N9JEo@nR T
! = 58R � < EP9M@>17 Z RA" ! 5l9J@ = 5^_P9 7?145 = 7 i ��3>9 cm3 Z Vn7?1(!n5`RbcAch5D7B7?5DC�!#" 1B365 T E#cAR T C>5A!6V[_b_b5 = � jl@
RP@ 9(' )br#i�Rb7`C>587Bc = 9M!n58C 9M@ e 58c 1?9MEb@ r � � �Jpoi 14365 = 5A_89;7N1B5 = 7�R = 5	7BRAIK58C ��3[5A@ 1B365	! = 58R�� < E89J@#1
3nR8@nC T 5 = 9 7�cAR TYT 5DC i 9 � 5 �MinRP1l1B365	!n5A_P9M@6@>9M@6_�EPO(14365�! = 58R�� < EP9M@#1�3nR8@nC T 5 = � 7?5A5,$ 9M_bV = 5 r �Mp 
 �
jl@ R e ��0 � dli = 5A_89 7?1B5 = 7�R = 5F7BRAIK58C�RP1�14365�5^@nCUE8O 14365�Vg7?5 = OWV[@nch1?9MEo@ � 7?5^5 $ 9M_bV = 5#' � ' 
 �
� 365	RbC[C = 58747 E8O�R = 5^_P9 7?145 = IoR = 9 RP! T 5 Eo@ RP@ 9(' )br�9 7�cAR T c V T RP1B5DC�Rb7

sp - register_offset[register_number]

��365 = 5 sp
9 7 14365�7N1mRoc � < EP9M@#1B5 = E8O&1B365�Vn7?5 = OWV6@nc 1?9MEb@ � 7?5A5$ 9M_bV = 5%' � ! 
 iKRP@nC register_offset

9 7 14365HE ! 7?5^1m7 OWE =l= 5A_89;7N1B5 = 7 7N1BE = 58C Eb@ R�7N1mRoc � �
� 365 RbC6C = 587B7�E8O�R T E#cAR T IoR = 9 RP! T 5 Eo@uR8@�9('*)br 9 7HcAR T c V T RP1B5DC 7:9 Z 9 T R = 1BE 1B365 e � 0 � d

cARo7?5Ki

address = EBP + offset

��365 = 5 EBP � fp Eo@ e � 0 � d 
 9 7.14365�7N1mRoc � � O = R Z 5 !gRb7?5 < EP9M@#1B5 = EPO 1B3[5�Vn7?5 = OWV6@nch1N9MEb@�i#RP@gC

offset
9;7�14365 = 5 T RP1N9JIK5 RbC[C = 58747�EPO�14365 T E#c^R T IoR = 9 R8! T 5 � � 365

EBP
IoR T V65 EPO�14365 <>= 5AI]9MEoVn7

7?1Rbc.��O = R Z 5 9 7�C]9 = 58c 1 T " < EP9M@#1B58C 1BE !#"F1B365Hc V =B= 5A@>1 EBP
Eb@ 1B365 7?1mRoc � � � 365

fp
IoR T V65HEPO

1B3[5 <#= 5AIK9MEbVn7l7?1Rbc.��O = R Z 5HEb@ e ��0 � du9;7l7BRAIK58C Eo@�1B3[5�7N1mRoc � �



� � � ������� 
 	 � ��� ��� � ��� � ��� 	 )�!

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

0�7 Z 5A@#1?9MEb@[58C 9M@ e 58ch1N9MEb@ � � � � �#ikEo@65 RbC>IoRP@#1mR8_b5FEPO Vn7L9M@6_ � ��� chE#C>5�9 7H1B3nR81 � ��� 9 7
3>9M_b3 T " < E = 1RP! T 5 � ��E�� 5^IK5 = i#7?E Z 5 cf3gRP@6_o587 1BEF1B365� ��� 0 � � 7 3nRbC 1BE !n5 Z RbC>5 �

1 = 5 Z E8IK5�14365� ��� Eo!��m58ch1 X6T 587 @[Eb1lVn7?58C !#" � ��� �

1 Z E#C]9YOW" 1B3[5 a R �K5 X[T 5`1BE _b5^@65 = R81B5�14365HC>V Z�Z " OWV6@nch1N9MEb@n7 Eo@ + 9M@#V-� OWE = OWV6@nch1N9JEo@n7
9M@�14365� ��� Eo!��m58ch1 X6T 587�1B3gRP1lR = 5 = 5 Z E8IK58C �

1 R = cm3>9M1B58ch14V = 5`RP@gCUj e 7 < 5Dcf9 X cA7�C>5 X @658C�9J@ 0 � � 7(R = 5Hcm3nRP@[_b58CFR <6<#= E <#= 9 RP145 T "Ki65 � _ �Ji
Z RP1cf3>9M@6_ 1B365F7N"67N1B5 Z C>5 X @>9M1N9JEo@uR8@nC � ��� C#5 X @>9M1?9MEo@�OWE = 1B365 = 5A_P9 7N1B5 = 7?5^1Ai&RP@nC
Z E#C]9YOW"]9M@6_ 1B365

target_ops
C6R81mR 7?1 = Vnc 1BV = 5Ki ��3>9 cm3 7?14E = 5D7 <#T R81?OWE =mZ C>5 < 5A@nC>5^@>1

C6R81mR R8@nC cAR TYT !nRbc.� OWV6@gch1?9MEb@g7�7NVncf3 Rb7 = 5DRbC]9M@6_ = 5A_89 7?1B5 = IbR T V6587 � e E Z 5 E8Ol1B36587N5
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