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Pseudo Reverse Execution for Debugging

MINORU TERADA'

In this paper we present a method for pseudo reverse execution of sequential, deterministic
programs. Our method has these three features: (1) By exploiting the profiling facility of
compilers, we achieved portable method for reverse execution; (2) The control can be re-
turned to the beginning of any function calls; (3) As for the target of reverse execution, we
can designate important point such as the entry of the current function, or its caller. We also

July 2000

measured the overhead of our method, and certified its efficiency.
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Fig.1 A sample program.
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Fig.3 The execution diagram for the program.

gbooooooooooooooooboboooo
precorder 000000000000 O0OOOOCDOOO
gooooobooboooooooo 200000000
ooboooooobooooO
goboooooooooooooboooooood
gooooooooboboooboooooboooooo
gbooooooooboobooobocooboooboooo
oooobooboooboooooooooooon
ooboboosgooooboooooooooooooo
gobooooooooooboobobooooooooo
gooooooooooboooobooooooboooo
gooobooooo



Vol. 41 No. 7

gobobooooboooboouoooobooooobooo
gooboooooooooboooooooobooboboo
goooooooooboobooobooooooooo
oooboboboooobooooooooooooooo
goooooooooboooooooooooooo
ooooooo

e JOODOODODOODO

e JOOOOOOOO

oooobooooooooobobooooon
gboooooooooooobooobobooooooon
gbbooboooooobooobooobooboooooobooo
OO0 gdbOOOOOOOOODOOOODOOODODO
gboocoooooboooboooboobooooobooo
gobooobooobooboooboboooooooooon
OstepOlO00000O00O0O0OOOO0OOOODODOO
000oooooooooooooooooooDo
O000000O0next0d 200000000000
oooodooooooad

goobooboooooobooooooooooon
gobooodooooboboobooooooboooo
goobooooooboooooOooooboOooDboo
U0000meount OO 0O0OO0OOO0OCDOOO
goooooooooooboooboooboonoooo
ooooooo

5. JO00oooooooboo

goobooooobobooooboobooooon
gooooooooobobooobooooogoooa
gboboooooooooooboooooooooo
gboooboooooboboooooooooooboo
goooooo

5.1 0000

U000 meount 00000000 0OC0OOOOOO
goo200000000b0O00O00000O0O000
ooooobooobooooooooooooooDboo
ooogd
gboooboooooobooooooobobooboo
gbobooodoodoo 2000000000000
gbooboodoooooobobooboooooooobood
goooooocooboboooobooOouooobooboobooo
goooooooodooooooooobooobooooo
gooooboooboobooooboooooobooooo
gboooooooooooocooooboooooon
gooooooboooobooooooocoobooooo
gooooooooobo 20000000000
oog

goboooooooooooooooooo 1959

5.1.1 O00O00O0O0O000C0OODOOO
uoooooooooooooobooboOoooo
gobooooooooooboooooboooobooo
obobooooocoOooooofbond 100 0mcount
gbobooooobooboooooooooboooobooo
goobooooooooooobobobooboooo
gooooobooooobooDo
gbil1oboobooooooooocoogooooao
goodoboO0O0Omeount DOOOOOOOOOOO
gobobooooooooooboooooooooo
ooboo00ol0 meount OO OOOODOOOOOO
goboooooooooboboboobooboobooooo
FP(activation) 000000000
FPOOOOODOOOOODOOOOOOOODOOO
ooeg
FP(O)> FP(O)
gooobooooobooooboOobooOoooobobon
gobooooooooooboooooooooo
gooooooooooooobooboobooooon
FPOOOOOOOOOCOOOOO Omcount O FP
gbobooooo0b0OC0Omeount DOOOODOOOOO
gobobobodooouoooooooooooobobobon
oood
5.1.2 J0OO0OO0OOO0OO0OO0C0OODOOO
oboboobooobooobooooooboooobooon
goboooooooboooooooooooooDbOoo
goboo
e JOOOOODODOOOOOO
e JOOOODOOOOOOOOOOOOODOODOONO
goooo
oooboooooooooobooboooooooo
gooooooboooboooooboooooooooo
oboooooooooboooooboooooboooon
5.1.3 000000000000
goobooooooooobooobooooooDo
gooooO0bO0o0o0ooboo0o0o0ooooooooon
gboooooboobo 2000000
e NOOOODOOOOOOOOOODODOOOO
O00O0Omecount DOOOOO0OO0O0O0O0O0OO
e OO O0OOOOOOLOOUOCOOOOODOOO
oobooooooobobobooooooobooooobo
5.2 0000000 10—mcount O0ODOO
gobooooooooboooboooboooooo

Y JOoDO0000000000000000000000000
oooooooooo



1960

goooooooo

ooooOooO0 ++

fp <- 0000000000 FPO

frame_position[0] .. frame_position[level_index] O OO
frame position[i] > fp >= frame position[i+1]
000 i 000 (0 <= i < level_index)

(2) OOODODO 1000
level_index <- i+1
frame_position[level_index] <- fp
frame_timestamp[level_index] <- 0000000000

(b) 00000 1000000 --- 000 (frameposition[level_index] > fp)
level_index ++
frame_position[level_index] <- fp

frame_timestamp[level_index] <- OO0 OO0O0OOODO

04 0000O00010-mcount 00000000 COOOOOOOODOO

Fig.4 Stack frame simulation in mcount.

C<- 00O00O0O0oOoOooo

LEVEL_INDEX <- level_index

FRAME_TIMESTAMP[0..LEVEL _INDEX] <- frame_timestamp[0..level_index]
L<- 000000000 000000 where OOOOOOOO

oooooooooo
ooo00o0oooo0ooooo
FRAME_TIMESTAMP[I] OOOO0O (I = 0 .. LEVEL_INDEX)
LL <- 000000000 Owhere DOO0OO0O0O
(LL == L) 000
P <- FRAME_TIMESTAMP[I]

goooooooooo pOO00O0O0OOCOOOO

05 0OO0000O0OO02680000000000000000O
Fig.5 Algorithm to find the timestamp of the current function.

July 2000

()OooooooOoooooOooUoOooOooOooo
O00 meount 000 O0O0O0ODOOODOODO
od

(200000000 0D00DOODO0O0ODODOOOOO0

O200000000000000C000O

mcount 0000000000000 COOOOO

oooO0o0ooooboobooooobooooOobOoboOooo

00000000000000000000000 4

Uo00o000 mecountO0 O OO

e OO0 frame_position[N]
00000000000 00o00o0oo0o0o0o0o
oooO0 FPOODOOOCOODOOOOOOOO
00000511 000000000000000O
OO0000oooooooooooooooon

000000 NOODODODOODOOOOOoooO
O0000oooooooooooen
0000 frame_timestamp [N]
000000000000 o0ooooooogo
oooooo

00 level_index
o020000000000000O0OOODOO
00 —-10000

5.3 000000 (2) —OOO0OOOoOoOOO
gobooooooooboboooooobooooooboo

Y 000000000000 0000000000000000

00000o0000o0000000 NODDOOOODOOOOOO
go0oooooooooobooooooOoOoOboOoOoOOO0OaO
gooooO0oooooOoooOoOooooo



Vol. 41 No. 7 JO0doooooooOoooooooooa 1961
oo 0000
oooo > (user)‘—*| emacs|'—*|gdb|
000 000 F—O—O——O—O—>
ooad DDD: >

oooo
06 0OO0O0OODOO

Fig.6 Steps for reverse execution.
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void hanoi(int n, int f, int t, int v)
{

if(n > 0) hanoi(n-1, f, v, t);

// move(n, f, t);

if(n > 0) hanoi(n-1, v, t, f);

main()

{

hanoi(20, 100, 200, 300);

08 0000D0O0O0OOOhhanoi
Fig.8 The benchmark program: hanoi.
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Table 1 Measurement of the overhead.
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