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"�#%$'&(&*)�+-,�$�.�/10�)�&*+-2-$�34)�&(,�#%)5&*6�)�+-$�798�#:79/%0�8'$'/%;<,�#%79,�,�#%)=8'.�790�)�2
6>)�2�?�.�2-@1&(A5#%)�/16�2-.�+-)�&�&*$'/%;CB�&*.�?D,�EF2-)�?�)�2-)�/%+-)�&(,�.579/1)�GH,
)�2-/%748
&*IH@139.�8'J9.�2KB�&*.�?D,F)�GL,
)�2-/%748�&HM E

N .�?D,�)�GH,�)�2�/:798�&O8')�,F,�#%)=P:&*)�2K+-.�/%,�2-.�8�A=#:)�,
#:)�2K@1.�0�P%8')�&(+-.�/%,�79$'/%$'/%;
)�/:,
2-IC6�.�$'/%,�&(,�.=)�GH,�)�2-/%798�?�P%/%+-,�$'.�/%&(.�2Q0�79,�7R.�3TS-)�+-,�&(792-)=8'$'/%U�)�0V,�.
,�#%)5P%&*)�2�W &O6�2-.�;H2-79@XMZYT?%,�#%)=P:&*)�2K6�2-.�;H2-79@[0�)�+-8'792-)�&(7\2-)�?D)�2-)�/:+�)5,�.
74/])�GL,
)�2-/%748�?DP:/%+-,�$�.�/179&OB�&*.�?D,�J^EF,�#%79,�2�)�?�)�2-)�/%+-)5$�&O/%.�,�&*P%?D?�$'+�$')�/%,�,�.
)�/:&*P%2-)=,�#%79,�,�#%)5)�GH,
)�2-/%748�?�P%/%+-,�$�.�/1A5$�8'8�34)=$'/%+-8'P%0�)�0V$�/1,�#%)
6>2�.�;H2-79@_MZ"F#:)=?�P%/%+-,�$'.�/1A=$'8�8!39)=$'/%+-8'P%0�)�0V.�/%8'ICA=#%)�/12-)�?�)�2�)�/:+-)�0
)�8'&*)�A5#%)�2-)=$'/1,
#:)=6�2-.�;H2-79@_M
`�.�2K)�GH79@16�8')�J9`F$';HP%2-)ba�aZ+�.�/:,
74$�/%&O,�A=.5P%&*)�2K6>2�.�;H2-79@1&*J�cTd�e�fhg�i%j
74/%0Rk%elcmd�fng�i%joMFcmd�e�fng�i%jp+-798'8�&

flowtrace
J96�)�2-?D.�2-@1&(&*)�qH)�2-798

?�P%/%+-,�$'.�/%&*J979/:0V,
#:)�/1+-798�8'&
exit

M(k%elcTdDfng�i%jp0>.�)�&nk%e�rF+�748�8
flowtrace

J439P%,F$',F6>)�2�?�.�2-@1&(&*)�qH)�2-798!?DP%/:+�,�$'.�/%&*J979/:0b,�#%)�/1+-798'8'&
exit

MZ"�#%)
exit

2-.�P%,�$'/%)=$'&(+-798'8')�0b39IC39.�,�#1P%&*)�2K6�2-.�;H2-79@1&Hs�$',
6>2�.�+-)�&*&*)�&

exit
+-798'8�&O?D.�2Q6�2-.�;H2-79@1&(,�#%79,F+-798'8

flowtrace
79/%0V?�.�2

6>2�.�;H2-79@1&(,�#%74,F0�.Ok%e�rF+�748�8
flowtrace

MZ"�#%)�2-)�?D.�2-)�J
exit

+-.�/%,�79$'/%&
+-.�/%0>$�,�$'.�/%798�+-798'8�&O,�.

flowexit
J9A5#%$'+-#1$�&O79/1)�/%,�2-I<6>.�$�/%,�A=$',�#%$'/1,
#:)

flowtrace
@1.�0�P%8')�MtYT?

flowexit
$'&(0�)�+-8'792-)�0b79&O7RB�#%742�0>JuEF.�2

/:.�2�@1798!)�GH,�)�2�/:798�2-)�?�)�2�)�/:+�)5$'/
exit

J9798'8�.�?%,�#%)
flowtrace

@1.�0�P%8')
@1P%&*,�39)=8'.�790�)�0VA=$',�#1)�79+-#]P%&*)�2Q6�2-.�;H2-79@[,�#%79,�+�748�8'&

exit
J

2-)�;H792-0�8')�&*&O.�?%A=#%)�,�#%)�2Q,�#%)=P:&*)�2K6�2-.�;H2-79@[+-798'8'&
flowtrace

MZYT?
flowexit

$'&(0�)�+-8'792-)�0V79&(7\&*.�?�,F)�GH,�)�2-/%798'J9,�#%)�/1,
#:)
flowtrace@1.�0�P:8�)5$�&O8'$�/%U!)�0b,�.5,
#:)=P%&*)�2Q6�2-.�;H2-79@[.�/%8'ICA=#%)�/
flowtrace

$�&
2-)�?�)�2-)�/%+-)�0vMZYT/]`�$�;HP:2-)ba�a�J9,�#%)

flowtrace
@1.�0�P:8�)5A=$'8�8!39)=8'.�790�)�0

A5$',
#wcTdDe�fng�i%jxJ939P%,�$�,�A=$'8�8!/%.�,F39)58�.�740�)�0bA5$',
#yk%elcTd�fhg�i%joM

zV{=|�}�~Q�5}L~Q�F�y�5�
�F~(|�~Q�F~Q���n~Q�
�����'�
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ld
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User programs

flowpgm()
{
flowtrace();
     .
     . 
     .

exit();
}

noflwpgm() {

junk();
   .
   .    
   .

exit();
}

#pragma soft flowexit

exit flowtrace

  if (_loaded(flowexit)){
     flowexit()
     }
     .
     .
}

flowtrace() {
  .
  .
  .
}

flowexit() {
  .
  .
  .
}

exit(){
   .
   .
   .

`F$';HP%2-)Va�a9M N .�?D,�)�GH,�)�2-/%798�P%&*79;L)

·Q)�?D)�2-)�/%+-)�&(@1790�)5,�.=)�/%,�2-I<6�.�$'/%,�&(8'.�+-79,�)�0b.�P%,�&*$'0�)=7\+�.�@16�$'8'79,�$�.�/
P%/:$�,�792-)=P%&*P:798�8'ICB�#%792-0�JuE�.�2K/:.�2�@1798!2�)�?�)�2-)�/%+-)�&HMZ"F#%)579&*&*)�@1398')�2
¸
as
¸ a�¹�¹%79/:0bº»+-.�@16�$'8�)�2 ¸ ºQ2-79ICº»+�.�@16�$'8')�2KqH)�2-&*$'.�/]¼®M ½\79/%0V.�/179/%0

ºQ2�74I N ,�79/:0�792-0bº»+-.�@16�$'8�)�2QqH)�2-&*$�.�/1¾¿M ½R74/%0b.�/:¹%798'8�.�AÀIH.�P1,�.
0�)�+-8'792-)=7\2-)�?�)�2�)�/:+�)5,�.=39)5&*.�?�,�M
Á &*.�?�,F)�GH,�)�2-/%798�$'/179&*&*)�@1398'I<8'79/%;HP:79;H)=$'&O0�)�+-8�792-)�0V39ICP%&*$'/%;<,�#%)
soft

@1.�0�$�?�$')�2K.�/1,�#%)
ext

0�$'2�)�+-,�$'qH)�Mt`F.�2K)�GH79@16�8')�Â

 ext getmsg:soft

"�#%$�&O&*,�79,
)�@1)�/%,�0�)�+-8�742�)�&O,�#%79,F798'8�2-)�?�)�2�)�/:+�)�&O$'/],�#%$'&(@1.�0�P%8')5,
.5,�#%)
)�GH,�)�2-/%798�&*IH@139.�8

getmsg
A5$'8�8!39)=&*.�?�,F2-)�?�)�2-)�/%+-)�&HM

"�.50�)�+-8�792-)57\&*.�?D,�)�GH,�)�2�/:798�$'/]ºQJ9P%&*)5,�#%)
#pragma

0�$'2-)�+�,�$'qH)�J979&
?�.�8�8'.�A5&HÂ

 #pragma soft getmsg 
 extern int getmsg();

Ã {5Ä }H{ÆÅV~Q�n�-�5� ~
�®{5|�}x~Q�5}H~(� ���5�-�
�����ÈÇ
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"�#%)
#pragma

0�$�2-)�+-,�$�qH)5&*#%.�P%8'0V796�6�)�792Q39)�?D.�2-)579/%IC2-)�?D)�2-)�/%+-)�&O,
.
,�#%)5)�GH,�)�2-/%798�)�/%,�2-I<6>.�$�/%,*MZ"F#%)50�$'2�)�+-,�$'qH)=79?�?�)�+-,
&O,�#%)=)�/%,�$'2-)=&*.�P%2-+-)
?�$'8�)�M

"�#%)58�.�740�)�2K#%74/%0�8')�&(#%742�0V79/:0V&�.�?�,�2�)�?�)�2-)�/%+-)�&O$�/10�$'?�?D)�2-)�/%,�A=74IH&HMZYm?
,�#%)50�)�?�$'/%$�,�$'.�/1#%79&O39)�)�/1?�.�P%/%0V39IC,�#%)58�.�790>)�2�J4#%792-0V2-)�?D)�2-)�/%+-)�&O,
.
74/])�GH,�)�2-/%798!)�/%,�2�IC6�.�$'/%,F792-)5798'A=79IH&O&*79,�$�&*?�$')�0b39IC,�#%)5&�IL@]39.�8
0>)�?D$'/%$',
$'.�/ÍM Á #%792-0V2-)�?D)�2-)�/%+-)5,�.=7\8'$�392-792-IC)�/%,�2-I<6�.�$'/%,�A=$'8'8�+-79P%&*)
,�#%)5@1.�0�P%8')=+-.�/%,�79$'/%$'/%;C,
#:79,F)�/%,�2-I<6>.�$�/%,�,
.539)5$�/:+�8'P%0�)�0V$'/],�#%)
)�GH)�+-P:,
79348�)=6�2-.�;H2-79@_M
Á &*.�?�,F2-)�?�)�2�)�/:+-)=$'&(/%.�,�79P%,�.�@179,
$'+-798'8�IC&*79,�$'&�?�$')�0b34I<,�#%)5&*IH@]34.�8
0>)�?D$'/%$',
$'.�/ÍMZ"�.5&*79,�$�&*?�I<,�#%)5&*.�?�,F2-)�?D)�2-)�/%+-)�J9,�#%)5)�/%,�2-I<6>.�$�/%,�@1P%&*,F39)
$'/%+-8'P%0�)�0V$�/1,�#%)56�2-.�;H2-79@[?�.�2K&*.�@1)5.�,
#:)�2K2-)�79&*.�/ÍM Á &*.�?�,F2-)�?D)�2-)�/%+-)
,�.57R8'$'392-792-I<)�/:,
2-IC6�.�$'/%,F$'&(/:.�,F&*P%?�?D$'+-$�)�/:,F,�.=+-79P%&*)5,�#%)=@1.�0�P:8�)
+-.�/%,�79$'/%$'/%;C,�#%79,F)�/%,�2-IC6�.�$�/:,F,�.=39)5$'/%+-8�P%0>)�0b$'/1,
#:)=)�GH)�+-P%,�79398')
6>2�.�;H2-79@_M
Î�.�P]+-79/1+-79P%&*)5,�#%)58�$'392-792-IC)�/%,�2�IC6�.�$'/%,F,�.539)5$�/%+-8'P%0�)�0V$'/],�#%)
6>2�.�;H2-79@Ï39IC$�/%+-8'P%0�$'/%;C.�/%)5.�?%,�#%)=?�.�8'8�.�A5$'/%;<$'/1IH.�P%2K6>2�.�;L2�74@XÂ

•
Ym/:+-8�P%0>)=#%792-0V2-)�?D)�2-)�/%+-)�&O,�.=,�#%)5)�/%,�2�IC6�.�$'/%,F$'/1,
#:)=6�2-.�;H2-79@_M

•
Ym/:+-8�P%0>)=#%792-0V2-)�?D)�2-)�/:+�)�&O,�.=.�,�#%)�2Q)�/%,�2-I<6�.�$'/%,�&($'/1,�#%)=&*74@])
@].�0>P%8�)5&*.=,�#%79,�,�#%)=@1.�0�P%8')=A5$'8�8�34)=$'/%+-8�P:0�)�0b$'/1,
#:)=6�2-.�;H2-79@_M

•
`F.�2-+-)�ÐD8'.�790V,
#:)=.�3TS-)�+-,F@].�0>P%8�)�M N )�)=B�YT/%+-8�P:0�$�/:;<.�3TS-)�+-,F@].�0>P%8�)�&*J^E
6�79;H)5¾9Ñ9J9?�.�2K7\0�$'&*+-P%&*&*$'.�/].�?:.�3TS�)�+-,�@1.�0�P%8')=$'/%+-8'P%&*$�.�/179/:0
?D.�2-+-)�Ð�8�.�790>$�/%;:M

Á &($'&O,
#:)=+-79&*)5A=$',�#1#%792-0b2-)�?�)�2-)�/%+-)�&*J9$'?%,�#%)=)�/:,
2-IC6�.�$'/%,F$'&O$�/%+-8'P%0�)�0
$'/1,�#%)=6�2-.�;H2-79@1J9,�#%)5&*.�?D,�2-)�?D)�2-)�/%+-)5$�&O&*79,�$�&*?�$�)�0V39IC,�#%)=)�/:,
2-IC6�.�$'/%,*M
YT?%,�#%)5)�/%,�2-I<6�.�$'/%,�$�&O/%.�,F$'/%+-8'P%0�)�0V$�/1,�#%)56�2-.�;H2�74@]J4,
#:)=&*.�?�,
2-)�?�)�2-)�/%+-)=$'&O+-.�/%qH)�2-,
)�0V$'/%,�.579/1P%/%&*79,�$'&*?D$')�0V)�GH,
)�2-/:798�2-)�?D)�2-)�/:+�)�MZYT?
,�#%)52-)�?�)�2�)�/:+�)5#%79&O/%.�,�39)�)�/1&*79,�$�&*?�$�)�0>J9/%.5)�2-2�.�2Q@1)�&*&*79;H)=A5$'8�8!39)
;H)�/:)�2-79,
)�0V$'/%0�$'+-79,�$�/:;<,�#%79,�,�#%)=2-)�?�)�2-)�/%+-)=$'&OP%/%&*79,�$�&*?�$')�0vMZYm?:,
#:)
)�/:,
2-IC6�.�$'/%,F$'&(2-)�?�)�2�)�/:+-)�0b0�P:2�$'/%;C6�2-.�;H2-79@[)�GH)�+-P%,�$'.�/%J979/
746�6�2-.�6�2-$�79,�)5)�2�2-.�2Q@])�&*&*79;H)5A=$'8'8�39)=$'&*&*P%)�0b74/%0b6�2-.�;H2-79@[)�GL)�+�P:,
$'.�/
A5$'8�8�,�)�2�@1$'/%79,�)�M

Ã {5Ä }L{Ò��Ó§�yÔÕ�®{5|�}
~(�=}L~Q�F���=���
�����×Ö
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ld
%��°u��¨±��¡�²±�!³=¥H¡�´l¥Lµ
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Á ,F8�.�790V,�$�@1)�J9,�#%)58'.�790�)�2K0�)�,�)�2-@1$�/:)�&($'?%7\&*.�?D,�2�)�?�)�2-)�/%+-)=&*#:.�P%8�0V39)
8'$�/:U�)�0b,�.5,
#:)=+-.�2-2-)�&�6>.�/%0�$'/%;<)�/:,
2-IC6�.�$�/:,�M Á /1)�GH)�+-P%,�$�.�/:ÐD,�$'@])5,�)�&*,
$'&(/%)�)�0>)�0b,�.50�)�,�)�2�@1$'/%)5A=#%)�,�#%)�2Q,�#%)=2-)�?�)�2-)�/%+-)=$'&(&*74,
$'&*?�$�)�0V79/%0V+-79/
39)5+-798'8�)�0vMØÎF.�P1+-79/1)�$�,�#%)�2QP%&*)5,�#%)=8'$'392-792-IC2�.�P:,
$'/%)

_loaded
J4.�2KP%&*)

7\?D8'79;CA=.�2-0�J9,�.=6>)�2�?�.�2-@[,�#%)=,�)�&*,*M

YT?%,�#%)5$�/%6>P%,F792-;HP%@1)�/%,�,�.=,�#%)58�$'392-792-IC2�.�P:,
$'/%)
_loaded

$'&(79/1)�/%,�2-I
6�.�$'/%,F,�#%74,F#%79&O39)�)�/1$�/:+�8'P%0�)�0V$'/1,
#:)=6�2-.�;H2-79@1J9,�#%)58�$'392-792-IC2�.�P:,
$'/%)
_loaded

2-)�,�P%2-/%&O7\/%.�/%Ù�)�2-.5qH798'P%)�M
"�#%)=?�.�8�8'.�A5$�/:;<)�GH79@16�8')=$'&(7\&*$�@16�8'$'?D$')�0bqL)�2�&*$'.�/1.�?%,
#:)=6�2-.�;H2-79@[)�GH$',
6�2-.�+-)�&*&*$�/:;HJ979/%0V$',F$'8�8'P%&*,�2-79,�)�&(,�#%)5P%&*)5.�?

_loaded
MZ"F#:)

exit2-.�P%,�$'/%)=$'&(+-798'8')�0b79,�,�#%)=)�/%0V.�?%)�qH)�2-IC6�2-.�;H2-79@XMZYT,F/%)�)�0�&O,�.=+-798'8�,�#%)
flowexit

2-.�P%,�$�/:)=$'?%?�8'.�A=,�2-79+-)56�2-.�+�)�&*&*$'/%;C#%79&O39)�)�/1)�/%79348�)�0vs
flowexit

$�&O+-.�/%,�79$'/%)�0b$'/1,�#%)=&*79@1)5@1.�0�P%8')=79&O,�#%)=)�/:,
2-IC6�.�$'/%,
flowtrace

MZ"F#%)
flowtrace

)�/:,
2-IC6�.�$'/%,FA5$�8'8�39)5+-798�8')�0V$�?%,�#%)
?�8�.�A5,�2-79+-)=6�2-.�+-)�&*&*$'/%;<$'&O)�/%79398')�0vs�,�#%)�2-)�?�.�2�)5,�#%)5&�.�?�,F2-)�?�)�2-)�/%+-)=,�.
flowexit

?D2-.�@
exit

A5$�8'8�34)=&*79,�$'&*?D$')�0vMZYT?
flowtrace

$'&O/%.�,
+-798'8�)�0>J9,
#:)=&*.�?�,F2-)�?�)�2�)�/:+�)5,�.

flowexit
?�2�.�@

exit
A5$'8�8�/:.�,F39)

&*79,�$'&*?D$')�0vMZ"F#%)5+-.�0�)=$'/
exit.c

,�#%79,F+-798'8'&
flowexit

,�79U�)�&(,�#%)
?�.�8�8'.�A5$�/:;<?�.�2-@_Â

#pragma soft flowexit
extern int flowexit();
extern int _loaded();
exit () {
...
  if (_loaded(flowexit))
     flowexit();
}

Ú �®Ó§��ÛÆ�®{=|�}
~(�=}L~Q�F���=�-�
�����ÈÜ
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_loaded�����ÈÜ��D�
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ld
!��°u��¨±��¡�²±�!³=¥L¡�´l¥Hµ
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"�#%)5&*)�+�.�/:0b,�)�&*,F@1)�,�#%.�0VP%&*)�&(7\?�8�74;<A5.�2-0b2-79,�#%)�2Q,�#%79/1,�#%)
_loaded

2-.�P%,�$'/%)�MZ"F#%)5?D.�8'8'.�A=$'/%;C+-.�0�)=P:&�)�&O,�#%)5&�74@])5)�GH79@16�8')=,�.
$'8'8�P:&*,
2-79,�)5#%.�AÀ7\?D8'79;CA5.�2�0V$'&(P:&�)�0 Â

/* flowtrace.c */

int flowflag = 1;
flowtrace () {
 ...
}
flowexit () {
 ...
}

/* exit.c */

int flowflag;
exit () {
...
if (flowflag)
  flowexit();
}

YT?:,
#:)=@1.�0�P%8')=?�2-.�@
flowtrace.c

$'&($'/%+-8'P%0�)�0�J
flowflag

A=$'8'8
#:79qH)57\qH798�P:)=.�?Øa�J979/:0

flowexit
A5$�8'8�39)5+-798'8�)�0vMZYT?

flowtrace.c$'&O/%.�,F$'/%+-8'P%0�)�0�J
flowflag

A=$'8'8�39)5½\79/%0
flowexit

A5$'8�8!/%.�,F39)
+-798'8')�0vM

"�#%)
HARDREF
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