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RAEBREZLR: &iSH stack overflow
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RERRELMA: ifiH heap overflow

AR AFREFIRNAFELFIER, —RRBERFRESTEE
st (EREFMUIBISSTIEXAVEREEET) .

-

typedef struct {
int a;

void *f() |f1&2&f()

int buf[8]; int b

int b;

void *f(); e BUEL] [ overflow
} some_t;
some_t *a = new some_t(); int a
a->f = abs(); // i MUEBHEE

a->f();«7/ Wﬂ’cﬁ A—EHIT T abs ()
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int b

int buf[]
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REFERAEZR: BiEE SR use after free (UAF)

AFREREISES— 2R, FRIZSERTHEAILE
IRRYEER Y, BBARAEERIT SR,

some_t *a = new some_t();
- - FAST BINS
some_t *b = a; l

free(a); // b FiJoEMEISE
.. ) BETHEY, ERaAREES
b->£(); // EESAOERT SISk

UNSORTED BINS

;or;le;t *c = new some_t(); // cAIgERTHC 7 IRKalIZ=[E 0 B el —— [l <~ 5
. . . // FIRvEERY, SSFRMENT RIRE P ER——— 2 1
c->f(); // WITTESHE
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HFREERNSHERE, MEELATEFHE/MNE, BalEE
15 REUAF,
/] %= /1 MW&iz
extern void ** gfp;
while(true)
int helper(func_t fp) { *gfp = attack; // EBUEARIERBIEH?

void *fp_prv;
gfp = &fp_prv; // #iB§HIbitt
if(fp_prv != fp) {

fp_prv = fp;

return 9;

}

fr();
return 1;

}
main() {

for(int i=0; i<10; i+=helper(rand));
}

OSHIZIEPRAAZEIE—RIAN (RELLBIFIERR)
OfHANiEREUEE s FIHARIE AR R R BEIE L UAF
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some_t *a = new some_t();
some_t *b = aj;

free(a); // b BUTBEES

b->some_var = OxEFFF; // ERBEESIATE
some_t *c = new some_t(); // cAIAESE T BKakyziE]
if(c->some_var == oxffff) { // ERATHEXNTE

c->F(); // BITT ERERH
}
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12021-2022%  0839X5MO5005H itEHARLEEERS, E#H. kFT. ®E 2 10



RERAEZA: EREE

AFRFAREEZIEN — A ERINR, BARATEETLID
S ERNMRITESE,

Base
oyt » Base vWTakle

wirtual function 1 ()= function1()
D1 objA = new D1(); B

D2 0bjB = new D2(); virtual function 2(); function2()
. // BEEL, (BobjA. _ vptrigMED2 Vtable
objA->functionl(); // SEFFH{T I Base::functioni() D1 publc Base
*_yptr; (inherited = D1 YTable

wirtual function (), - \ function1()

h function2() ——
{Igaglﬂélﬁ Ee-l-ltij% D2 public Base \
: Erj i;ﬂgjﬁﬁ *_wptr; (inherited » D2vTable
Oi‘j%ﬂ{j’ﬁ&g&, EB&H?&? wirtual function2();- fUﬂCtiDmU ——‘

. functionz()
tRIRHY R ER Y
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Laszl6 Szekeres , Mathias Payer, Tao Wei, Dawn Song. SoK: Eternal War in Memory. IEEE
Symposium on Security and Privacy, 2013.

https://people.eecs.berkeley.edu/~dawnsong/papers/Oakland13-SoK-CR.pdf
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FirefoxBI)EE(KER

~$ 1dd /usr/lib/firefox/firefox
linux-vdso.so.1l => (©x00007ffeb5bcadoo)
libpthread.so.9 => /1ib/x86_64-1inux-gnu/libpthread.so.9 (0x00007faeb58de000)
libdl.so0.2 => /1ib/x86_64-1linux-gnu/libdl.so.2 (0x00007faeb56da000)
libstdc++.5s0.6 => /usr/lib/x86_64-1linux-gnu/libstdc++.50.6 (0x00007faeb5358000)
libm.so.6 => /1ib/x86_64-1inux-gnu/libm.so.6 (©0x00007faeb5041000)
libgcc_s.so.1 => /1ib/x86_64-1linux-gnu/libgcc_s.so.1 (0x00007faeb4e39000)
libc.so.6 => /1ib/x86_64-1linux-gnu/libc.so.6 (0x00007faeb4a6f000)
/1ib64/1d-1inux-x86-64.s0.2 (0x00007faeb5d31000)

~$ objdump -d /1ib/x86_64-linux-gnu/libc.so.6 | less
/1ib/x86_64-1inux-gnu/libc.so.6: file format elf64-x86-64

Disassembly of section .plt:

000000000001f7cO <*ABS*+0x8f14b@plt-0x10>:

1f7ceo: ff 35 42 48 3a 00 pushq ©x3a4842(%rip) # 3c4008
<_I0_file_jumps@@GLIBC_2.2.5+0x928>

1f7c6: ff 25 44 48 3a 00 jmpg  *0x3a4844(%rip) # 3c4010
<_I0_file_jumps@@GLIBC_2.2.5+0x930>

1f7cc: of 1f 40 00 nopl ©@x0(%rax)
00000000000117d0 <*ABS*+0x8f14b@Eplt>:

1f7de: ff 25 42 48 3a 00 jmpg  *0x3a4842(%rip) # 3c4018
<_I0_file_jumps@@GLIBC_2.2.5+0x938>

1f7d6: 68 Oc 00 00 00 pushq $0xc

1f7db: e9 e ff ff ff jmpqg  1f7c@ <__h_errno@@GLIBC_PRIVATE+0x1f75c>
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SHHENTHRS

2 208a0: 31 ff xor %edi, %edi
3 208a2: 89 do mov %edx, %eax
5 208a4: of 05 syscall
208a6: eb 8 jmp 208a0 <__libc_start_main@@GLIBC_2.2.5+0x160>
208a8: 48 8b 44 24 08 mov ox8(%rsp) ,%rax
208ad: 48 8b 15 bc 35 3a 00 mov ox3a35bc(%rip),%rdi
208b4: 48 8d 3d 94 bd 16 00 lea 0x16bd94 (%rip),%rdi
208bb: 48 8b 30 mov (%rax),%rsi
208be: 31 co xor %eax, %eax
208c0: ff 92 18 01 00 00 callqg *0x118(%rdx)
208c6: e9 13 ff ff ff jmpg 207de <__libc_start_main@@GLIBC_2.2.5+0x9e>
208cb: 4c 8b a8 68 01 00 00 mov 0x168(%rax),%ri13
208d2: 48 8b 05 27 35 3a 00 mov 0x3a3527(%rip),%rax
208d9: 45 31 e4 xor %rl2d,%ri2d
1 208dc: 48 8b 28 mov (%rax) ,%rbp
208df: 49 8b 45 18 mov ox18(%ri13),%rax
208e3: 48 85 cO test  Z%rax,%rax
208e6: 74 10 je 208f8 <__libc_start_main@@GLIBC_2.2.5+0x1b8>
208e8: 44 89 e7 mov %rl2d,%edi
208eb: 48 83 c7 47 add $0x47,%rdi
208ef: 48 cl e7 04 shl $0x4,%rdi
208f3: 48 01 ef add %rbp,%rdi
4 208f6: ff do callg *%rax
208f8: 41 83 c4 o1 add $0x1,%ri2d
208fc: 4d 8b 6d 40 mov ox40(%ri13),%ri13
20900: 45 39 e6 cmp %rli2d,%rilad
20903: 75 da jne 208df <__libc_start_main@@GLIBC_2.2.5+0x19f>
20905: e9 cc fe ff ff jmpq 207d6 <__libc_start_main@@GLIBC_2.2.5+0x96>
2090a: 66 Of 1f 44 00 00 nopw Ox0(%rax,%rax,1)
20910: 48 8d 35 c9 33 17 o0 lea 0x1733c9(%rip),%rsi
20917: ba 82 02 00 00 mov $0x282, %edx
2091c: $0x1,%edi
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IERSMITFI-EH (Gadget)

mov (%rax),%rbp

xor %edi,%edi

mov %edx, %eax gadget2:

callq *%rax xor %edi,%edi

syscall mov %edx, %eax
retq
gadgetl:
mov (%rax),%rbp
retq

retq:

rip = (rsp)

rsp = rsp + 8
gadget4:
syscall

On stack: et

A
. gadget3:

gadget4 callg *%rax

gadget3 retq

gadget2

gadgetl |<- rsp

Return Oriented Programming (ROP)



BofF (Gadget)

Q

o] FHRYECHF (Gadget)
OBBISERRNBRE: EINEE
OLAEHEHIEEERE : HhsE BinEF

4l

OFp(aYSERY : JEkiEsERIH
OReturn (ROP)
OLIRETARZERE, BidisHlteRisslbies Bin
OCall (COP)
OLIREGEsTARNERE, BITEdREgeitizsliaE iR

O pop %rax; call *%rax
OJdump (JOP)
OLAEH=BkEE SR, BiEEdlEEbEBR

Opop %rax; jump *%rax;
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OHR OHR W IR RUELR,
Reg, Mem Data, Mem Fesh 22 H ith
OitHE OitHE
Reg <= Reg op Reg Data <= Data op Data
OPC OPC
PC<=PC+4 Data <= Data + 4
Olk4e OHk4e
PC <=PC +imm Data <= Data + imm
OLDI/ST OLDI/ST
Reg <= [mem] Data <= [mem]

[mem] <= Reg [mem] <= Data
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IGHLEETVIUO \AQLR) . M\RIJRSIRERITIAR S

~ASLR?

$ 1dd /usr/lib/firefox/firefox

linux-vdso.so.1l (0x00007ffefeled000)

libpthread.so.0 => /1ib/x86_64-1inux-gnu/libpthread.so.0 (0x00007fdfe3618000)
libdl.so.2 => /1ib/x86_64-1linux-gnu/libdl.so.2 (©x00007fdfe3414000)
libstdc++.5s0.6 => /usr/lib/x86_64-1linux-gnu/libstdc++.50.6 (0x00007fdfe3040000)
libm.so.6 => /1ib/x86_64-1inux-gnu/libm.so.6 (©x00007fdfe2ca2000)

libgcc_s.so.1 => /1ib/x86_64-1inux-gnu/libgcc_s.so.1 (0x00007fdfe2a8a000)
libc.so.6 => /1ib/x86_64-1inux-gnu/libc.so.6 (©x00007fdfe2699000)
/1ib64/1d-1inux-x86-64.s0.2 (0x00007fdfe3aead00)

$ 1dd /usr/lib/firefox/firefox

linux-vdso.so.1 (©x00007fffd89fbooe)

libpthread.so.0 => /1ib/x86_64-1inux-gnu/libpthread.so.0 (0x00007ff81b662000)
libdl.so0.2 => /1ib/x86_64-1linux-gnu/libdl.so.2 (©x00007ff81b45e000)
libstdc++.5s0.6 => /usr/lib/x86_64-1linux-gnu/libstdc++.50.6 (©0x00007ff81b08a000)
libm.so.6 => /1ib/x86_64-1inux-gnu/libm.so.6 (©x00007ff8lacec000)

libgcc_s.so.1 => /1ib/x86_64-1inux-gnu/libgcc_s.so.1 (0x00007ff81aad4000)
libc.so.6 => /1ib/x86_64-1inux-gnu/libc.so.6 (©x00007ff81a6e3000)
/1ib64/1d-1inux-x86-64.s0.2 (©x00007ff81bb34000)

$ 1dd /usr/lib/firefox/firefox

linux-vdso.so.1l (0x00007ffdad6eec000)

libpthread.so.9 => /1ib/x86_64-1inux-gnu/libpthread.so.0 (©0x00007f5e06781000)
libdl.so.2 => /1ib/x86_64-1linux-gnu/libdl.so.2 (©x00007f5e0657d000)
libstdc++.s0.6 => /usr/1lib/x86_64-1linux-gnu/libstdc++.50.6 (Ox0000715061a9000)
libm.so.6 => /1ib/x86_64-1inux-gnu/libm.so.6 (©x00007f5e05e0b000)

libgcc_s.so.1 => /1ib/x86_64-1inux-gnu/libgcc_s.so.1l (0x00007f5e05bf3000)
libc.so.6 => /1ib/x86_64-1linux-gnu/libc.so.6 (©x00007f5e05802000)
/1ib64/1d-1inux-x86-64.s0.2 (©Ox00007f5e06c53000)

Ubuntu Linux{A EREZM T — 1M & %28 REZE=.
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HEEBnEIE, ETRERLISTR.

K. Z. Snow, F. Monrose, L. Davi, A. Dmitrienko, C.
Liebchen, A.-R. Sadeghi. Just-in-time code reuse: On
the effectiveness of fine-grained address space

A S o

HEILA—MUEBIEE

Bl (R EHENE T—MUFEI
BB RICR &R
BB RiCRELF
BT RiF

FEKECl, PTECH

L4

layout randomization. Proceedings of the IEEE

Symposium on Security and Privacy, 2013, 574-588
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