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One-pass Pseudo Reverse Execution of C Programs

KAzUuTAKA MARUYAMAT and MINORU TERADA't

‘We propose a method of speeding up pseudo reverse execution of C programs by locating
the target function call efficiently. In the former method, the profiler function, inserted by the
compiler at the prologue of each function is overridden so that the program records necessary
informations about stack frame for later use. When reverse execution is instructed, we (1)
restart the program from the beginning, traces stack and decides the target point where the
control should reach (scan pass), and then (2) restart it again and stop it at that point (re-
execute pass). In our new method, we modified an assembly language output of C compiler
so that we can catch the exit of function calls. So we can simulate stack to know depth of
the stack at run time and decide the target point without “scan pass”. Measurement of the
time of reverse execution and the overhead at normal execution and at reverse execution is
also included.
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Pseudo reverse execution stepping every function calls.
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Fig.2 Changing timestamp.
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Fig.3 Simulated stack.
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source code with hook functions

£0{ £0){
mcountl() ;

a();

b();

a0 } mcount2 () ;
[body] a0
} mcountl () ;
b(){ [body]
[body] mcount2 () ;
}
/ b(){
mcountl () ;
[body]

mcount2 () ;

}

04 0OO0O0O0DOOOCOOODOOOOO
Fig.4 Insertion of hook functions.
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L1

pushl %eax
pushl %edx
pushl %ecx
call mcount2
popl %ecx
popl %edx
popl %eax
movl -24 (%ebp), $ebx
movl %ebp, $esp

popl %ebp

ret

saving the return value,
calling mcount2
and restoring it.

0 5 Intel Architecture 0 mcount2 00 OO

Fig.5 Calling mcount2 for Intel Architecture.

#define MAX DEPTH 256
int stack ts[MAX DEPTH] ;
int depth = -1;

int timestamp = -1;

int ref = -1;

void mcountl (void)
depth++;
timestamp++;
stack ts[depth] = timestamp;

void mcount2 (void)
depth--;

06 00000000

Fig.6 Implementation of hook functions.
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[—-1J :——**Enac [--]J 1——
read_pattern_space ()
{

int ns
char *pn3
int chs

ine,text;
ine,alloc;

p=1 /% target point ¥/
n=1

if (feof (imput_file))

return

[-—]J, :——*¥Ena

07 mygdbOOOOO
Fig.7 Example of using this method in mygdb.
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Fig.8 Details of test cases.
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Table 1 Time spent on processing hanoi.
oooo ooo ooo
oooo 20.920  19.236 8.13
directrun 30.166 28.688
rev-myself 80.968  50.488 —
scan pass 00O 52.998 — —
oooo

02 sedO00OOOO

Table 2 Time spent on processing sed.
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directrun 14.126 14.114 —
rev-myself 28.574 21.136 —
scan pass 00O 21.194 — —
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Fig.9 Result of each method in detail (hanoi).
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Fig.10 Result of each method in detail (sed).
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