4190.102A Computer Programming
(2007 Winter)

GNU Debugger, GNU Make -sthrab

B GNU Debugger
1. gdb &'

® Sample code

/* testl.c */
#include <stdio.h>

struct

{
int *i p;
} sy

void foo ()
{
*(s.i p) =2
printf("s.i = %d\n",
}

main (int argc, char *argv([])

{

foo();
//int *i p;
//*i p = 1;

*(s.1.p));

® Compile with "=g" Option

$ gcc -o test test.c -g
$ ./test
MIOHHOIE 2F

® Run with gdb
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$ gdb
(gdb) file testl
(gdb) run 5

Starting program: /home/comp-ta/gdb/testl 5

Program received signal SIGSEGV, Segmentation fault.
0x0804835f in foo () at testl.c:11

11 *(s.i p) = 2;

> gdbQHOIA MES XEoHH &

02
ol
il
0y
10

$ gdb
(gdb) file testl
(gdb) run 5

> gdb &Al MY core dump MY S Kot
- coredump: E2)¥0| HEMNECZ S
MEHE MAst T, (process® memory image
HHE 228 WolJl R0l defaults
H A

t 4
- core It MHES RoiM= MELN NE SHE ZEol= ulimit BES ALE.

~

4Rl e 2

$ ulimit -a
core file size (blocks, -c) O
data seg size (kbytes, -d) unlimited

$ ulimit -c unlimited
$ ulimit -a
core file size (blocks, -c) unlimited

$ ./testl
MHIJHEHOIE 2F (core dumped)
$ gdb testl core

Core was generated by ~./testl'.
Program terminated with signal 11, Segmentation fault.
#0 0x0804835f in foo () at testl.c:11
11 *(s.i p) = 2;
> gdb 2HOIA I core dump M2 XAl &2

(after set the core file size to unlimited)
$ gdb

(gdb) file testl

(gdb) core-file core
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2. Debugging Scenario #1 (21EtY 0fl210ILI Segmentation FaultX& HAI=Q! 0fl24)

o 2T HdHAIA 2BHEH=E FES LY

(gdb) run 5 (- core dumpll2Z2 0|E6IH ESH BEELZ Ns2=2 0IS8)
Starting program: /home/comp-ta/gdb/testl 5

Program received signal SIGSEGV, Segmentation fault.

0x0804835f in foo () at testl.c:11

11 *(s.1 p) = 2;

(gdb) 1list foo

5 {

6 int *i p;

7 } s

8

9 void fool()

10 {

11 *(s.1 p) = 2;

12 printf("s.i = %d\n", *(s.i p));
13 }

14

(gdb) where

#0 0x0804835f in foo () at testl.c:11
#1 0x08048394 in main () at testl.c:18

(gdb) ptype s

type = struct {
int *i p;

}

(gdb) ptype s.i_p

type = int *

> 2= fool 118 ctlolA SH Za4StCt

Ol maing== OfcHOll <IXIot

0
B4 foo SBES ¢ & UL

> SHe OE EQOIE B si_pdt Ji2l21d s 2ol 278 €= E20lA
ptypeOlLt whatis HE S Sl s.i_pIdt intQ EQIH HEAUS 2 £~ QUCH.
e =N&l= Ro &l mpet

rir
»y
0
Hy
H
=
0

(gdb) print s.i p

$1 = (int *) 0x0

(gdb) print *(s.i p)

Cannot access memgry at address 0x0

> 20l OXO(NULL)OIH etM Ol gt2 AccessE == SQLLH (2H &ell)
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(22)
(gdb) where
#0 0x0804835f in foo () at testl.c:11
#1 0x0804839% in main () at testl.c:18
(gdb) wup
#1 0x080483%9 in main () at testl.c:18
18 foo ()
(gdb) list
13 }
14
15 main(int argc, char *argv[])
16 {
17 int i=1;
18 foo();
19 }
20
(gdb) print i
$1 =1
> S M fXotd U= &= fooE F2= &= mainlllA i_pll = &0CIctn &
up 2= Soll &M Stack Frame2l &% Frame2Z 0|8t = print BES
= ULk
® yvise HIEIIE Ol8dtd & =8
#include <stdlib.h> // added
void foo ()
{
s.1 p = (int*)malloc(sizeof (int)); // added
*(s.1 p) = 2;
printf("s.i = %d\n", *(s.i p));
free(s.i p); // added
}

3. Debugging Scenario #2 (HEH

® Sample code

olziolLt =9 LogicOl &

+

2& H2; Logical Error)
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/* test2.c */
#include <stdio.h>
main ()
{
double 1i;
printf ("An example of the infinite loop!\n");
for(i = 0; 1 !'= 1; 1 += 0.1)
{
printf ("current 1i=%f\n", 1i);
sleep (0) ;
}
}
> AlYotH Set= T )L L MSHTYH
o =0l
> ZMEE 2HE XUM Ks Lol =20 SHEM A% Al 0N 59
Ol 4 QX Xl R&tCh.
> MetM JigEXe T2 08N SHOF 2Me A 22 228 d&st = 1)
TracingoliOF & Z It AUCH
> &S /XA EZ2H0| HFEEE breakBEHE 0/|E0tH breakpointE & &
$ gdb test2
(gdb) list main
1 /* test2.c */
2 #include <stdio.h>
3
4 main ()
5 {
6 double 1i;
7 printf ("An example of the infinite loop!\n");
8
9 for(i = 0; i !'=1; 1 4= 0.1)
10 {
(gdb) 1list
11 printf ("current i=%f\n", 1i);
12 sleep (0);
13 }
14 }
(gdb) break 11
Breakpoint 1 at 0x80483e8: file test2.c, line 11.
(gdb) info breakpoints
Num Type Disp Enb Address What
1 Dbreakpoint keep vy 0x080483e8 in main at test2.c:11
> IZZ )z ASAIH K& E breakpointz2 0lsol)|l |IHAM runEE S AFE St
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(gdb) run
Starting program: /home/comp-ta/gdb/test?2
Failed to read a valid object file image from memory.

An example of the infinite loop!

at test2.c:11

Breakpoint 1, main ()
11 printf ("current i=%f\n", 1);
CtS Statementz 0lSolJ2| 2ol M nextLl stepdE S AIZEHCH
(gdb) next
current 1=0.000000
12 sleep(0);
(gdb) next
9 for(i = 0; 1 !'= 1; 1 += 0.1)
(gdb) next
Breakpoint 1, main () at test2.c:11
11 printf ("current i=%f\n", 1i);
> 12 20| for=2 xHE =G RE JdR RE2IOF LMGHH S0, TetM i gte
HotE 2Fe ERIF UL
Ct8 Breakpoint2 0lSalJ|

> B9 WEs #elot

o M= continue @EE ALEsHT
(gdb) print i
$1 = 0.10000000000000001
(gdb) continue
Continuing.

current 1=0.100000

at test2.c:11

Breakpoint 1, main ()
11 printf ("current i=%f\n", 1i);
(gdb) print i

$2 = 0.20000000000000001

> gt

=
=
%3

o Jx

"
A=238I0d Watchpoint & &8t

OF2 print BEE AIEol0d H=2 LSS =0lote == =0/J] <ol watch

(gdb) watch 1

Hardware watchpoint 2: i

(gdb) info watchpoints

Num Type Disp Enb Address

1 breakpoint keep vy
breakpoint already hit 3 times

What

0x080483e8 in main at test2.c:11

™ TracingOl

2 hw watchpoint keep y i
> watchd 382 ArE5t0 WatchpointE &&s&t 32 XNEE I HA
ANsez HEC Metd 0f 22 &8 2ToAM 289 HES0| LMstAH ECh (line 8, 10)

6
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> Olelgt s== BES dXotJl fIoHA disable

O

breakpointE ol Xl &t Ct.
(gdb) disable 1
(gdb) info breakpoints
Num Type Disp Enb Address What

1 Dbreakpoint keep n

2  hw watchpoint keep y

1

0x080483e8 in main at test2.c:11
breakpoint already hit 3 times

» continuelt next, step HEOHE 0126t BlZ= i9 2t= TracingstLt.

(gdb) continue
Continuing.

current 1=0.200000
Hardware watchpoint 2: i

0ld value = 0.20000000000000001

New value = 0.30000000000000004

0x08048415 in main () at test2.c
9 for(i = 0; 1 !'= 1;

(gdb) continue

Continuing.

current i=0.300000

Hardware watchpoint 2: i

:9

i +=0.1)

0ld value = 0.30000000000000004

New value = 0.40000000000000002

0x08048415 in main () at test2.c:9

9 for(i = 0; 1 !'=1; i += 0.1)

(gdb) continue

Continuing.

current 1=0.900000

Hardware watchpoint 2: i

0ld value = 0.89999999999999991

New value = 0.99999999999999989 1)
0x08048415 in main () at test2.c:9

9 for(i = 0; 1 !'=1; i += 0.1)
(gdb) continue

Continuing.

current 1=1.000000

Hardware watchpoint 2: i

0ld value = 0.99999999999999989

New value = 1.0999999999999999 2)
0x08048415 in main () at test2.c:9

9 for(i = 0; i !'=1; 1 += 0.1)
> FOZ& codellAd for2e "il=1"2 =AY WM HZ BI=SECH 1)0HAM 8t2 &4

0.99---2= HEJ|10] ¢tE= & = JULCLMEtH F=HA =2HE HS CHEGHA

0

2R

d= AE0olt0 Al line 80l CHE
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Ef% 202 SUHIIH OIHRH 2 gt 12 90ItH D =& HE AT
OFEGSHH =ICH et T2 2 22 =0l XA = C
o =X =AM ol
> “i+=0.1" 0IA &= 0.10 Cioh AHEH,
- HEHONM =Xtes 282 EAECH (e.g., 5=101(2), 11 =1011(2))
- ARE OIEJIAZE 2842 BEADLLES Jiss HE £9 HMEte
Al0f CHoll M&st gtS EEE 4= QICH (precision0l =I5t X &4
UAS)
- M2tM “i+=0.1"7 2 2EUIAMIS g0l SHIZHONE XD /=&t Z) O ol Xl X
ot =Ct.
® yvise HEJIE ol2dtd 2E =¥
for(i = 0; 1 < 1; 1 += 0.1)

printf ("current i=%f\n"
sleep (0);

4
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B GNU Make

1. make
o =&& ZIY Mg USs == SECE
o =ZQGHH CtAl 2 ofoF & 2= SH=EB2 WY AlZsS 2
> 0] 282 0|R0E Z2)MES CHAl MY Al 2R 220 T 2o
o LI MM 2US S =0 WY SHALE A HEQ T2 0342 F, 2lolE2 el 2t
g3 Jis
2. Makefile
o ZIY Al 2R& RS GAIS €39 A3EHE ItY
® MakefileQ WEF=
target .. : dependencies ..
[TAB] command
> target : commandit =AM L& 200 Y (or = HY H)
S& 1t (object file)OlILE &l & I
» dependencies: targetS Bt=J| fIoil 2 RSt IH.
- BIt HIEEUES M AL HHRCOH, A= B0l dependentdtCt.

- ex) test.o : test.h test.c
- test.o= AA IHY test.c?t test.h(l dependentdtCt.

- [MetM test.cLt test.hJt HELDH test.ox HH T H0OF StHCE.

> command: target IS UHSI| ot =g (BWY) SN
- BICAl TABS 2 Al&6HH
- UBtEOZ A £

® tEHSt Makefile

test : read.o write.o main.o
gcc -o test read.o write.o main.o

main.o : io.h main.c
gcc —-c main.c

read.o : io.h read.c
gcc -c read.c

write.o: io.h write.c
gcc -c write.c
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» Dependency graph

main.c

e (HaAZ2° A=
> YHES d=glold| fotd W22 XA Jis
main.oS OBJECTScl= DHAZZE XA

# read.o write.o
write.o main.o

OBJECTS = read.o

fol
H

ot

AolE $I1SE M0 225U S

fol

# A2 E S&&
test : $(OBJECTS)
gcc -o test $(OBJECTS)

e d0I=22 AIE
> target-names=
> dependency= YAl o

labelZ2 XI&GHH ol

e =

clean :
rm $ (OBJECTS)

3. Abbreviations (Internal Macro)

FRXEDE @l 8ISl 22 WY (Target)

o

Job

® $x:

main.o : main.c io.h

gcc -c S$*.c

o $@: e =2H MY (Target)
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test : $(OBJS)
gcc -o $@ $*.c
o $<: ST target2Ct X201 BAE dependency &5 2I|AE
main.o io.h main.c
gcc -c $<
® $°: SN targetl dependency &= 2lAE
test main.o read.o write.o
gcc -o $@ $°
4, Suffix Rule
® makeldt EHEXAE 21, 10 ek HEs AMES 3ol 73
® SUFFIXES: .c .o
> .c,.0 EHEXNE It MEssS AU 2AHSHH XelotH dixz= 2=
# YA E|AEQ .c .oE FIIPICE
.SUFFIXES .Cc .0
(4=
# makeZl .cE FOLM HOYST .oF pbuilddte S HO
.c.o
gcc -c -0 $@ $*.c (EEE gcc -c -o $@ $<)
5. &&
o ALY & AATY SAt
Scp /home/comp-ta/make/*.* ./

® Makefile (Version 1)
$ vi makefile
diary : memo.o calendar.o main.o
gcc -o diary memo.o calendar.o main.o

memo.o : diary.h memo.c
gcc -C -0 memo.o memo.c

calendar.o : diary.h calendar.c
gcc —-c¢ -o calendar.o calendar.c

main.o : diary.h main.c
gcc -c -0 main.o main.c

clean :
rm -rf *.o diary

11
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® make 0|2 AIY s = O Al
$ make
$ ./diary
e AATC 2F = HIY
vi diary.h

make

> Makefile &0lAl diary.h= dependency graph &0IA Z &0 fXIetC

—

diary.hJt BIRH D H 2E AATLS0| M FIY / Builde 01 0f F:
> OtAIGH memo.cBtE2 =E}ZS B2 memo.cOl 2/=3dt1] U= memo.olt

/ Build&! Ct.

® ZQS = object I AMK
> ZOolst YI0IE clean AIE

$ make clean

® Makefile (Version 2)

bR A ALE
.SUFFIXES: .c .o
.c.o

gcc -c -o $@ $<

diary : memo.o calendar.o main.o
gcc -o diary memo.o calendar.o main.o

memo.o : diary.h memo.c
calendar.o : diary.h calendar.c
main.o : diary.h main.c

clean

rm -rf *.o diary

6. &UNAE
- http://wiki.kldp.org/KoreanDoc/html/gcc_and_make/gcc_and_make.html
- http://wiki.kldp.org/KoreanDoc/html/GNU-Make/GNU-Make.html

’
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