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Week2: CIESEE1 21!

» EIDEE, AHAKR—ME, FEEBmIFEEIT?
o JRIE. PEEE
¢ oFEE-> 1 omFEo .s oilR—> .o > > a.out
o INEFIT

e ./a.out

- BB ERG<SIT TR kR
* RTFM: man gcc; gcc -help; tldr gcc
¢ ??%U??ygﬁgz/l\&lﬁj: _EI _SI -C

o RNIRIRFE
o TN JRIFE. PEE. INEEIEMTHA?
« RTFSCRHI&REXFTNCIESHE



int main(int argc, char *argv[]) {
int (*f)(int, char *[]) = main;
if (argc !'= 0) {
char ***a = &argv, *first = argv[0@], ch = argv[0][@];

> printf("arg = \"%s\"; ch = "%c'\n", first, ch);
assert(***a == ch);
f(argc - 1, argv + 1);
}
} B Achar * Hello
N7 \
Hle IIo0
imi-”:’ 8? ........................................................ -“1?_'-'%_
,v’ﬁ’iiﬁiﬁ%Char

.
.
®

.
P
a®
.
a®

¥gcharfi#iE. .- <" printf(first): Hello

JU rinceen

F—Rwitargvig @ Ay
NENFHENE—NFH

mainy k78




Week3: CIES{5152 27 w5 u 1A AE

« |OCCC'11 best self documenting program
* AL = ANEJ4EF

#define clear 1;
if(c>=11){c=0;sscanf(_,"%1f%c",&r,&c);while(*++ -c);}\
else if(argc>=4&&!'main(4-(* ++=="("),argv)) _++;g:Cc+=

#define puts(d,e) return 0;}{double a;int b;char
c=(argc<4°d)&15;\ b=(* % LINE_ +7)%9*(3*e>>c&l);c+=

#define I(d) (r);if(argc<48&&*#d==*_ ){a=r;r=usage?r*a:r+a;goto
g; yc=c

#define return if(argc==2)printf("%f\n",r);return argc>=4+

#define usage main(4-__LINE__ /26,argv)

#define calculator * *(int)

#define 1 (r);r=--b?r:

#define  argv[1l]



https://www.ioccc.org/2011/hou/hou.c

HRBE—ELN HENRS

s FERFandiESE 7654 32 10
mov [0 0 0 0] [ rt][ rs]

F#%#%: PC, RO (RA), R1, R2, R3 add [0 00 1] [ rt][ rs]
(8-bit) load [1110] [ addr ]
NA: 1657 (#FTi7H) store [1111] [ addr ]

PC RO R1 R2 R3

0000 | 0001 0001
FAHE 0001 0010 0010

L 1
o L

0000
1100

" L> move r3 ro




a1+ (000 [ rtif re]

\ add [0 00 1] [ rt][ rs]
##%: PC, RO (RA), R1, R2, R3 (8-bit) =  1oad [1110] [ addr ]
NA&: 1657 (FF VWi M) store [1111] [ addr ]

void idex() {

if ((M[pc] >> 4) == 0) {

R[(M[pc] >> 2) & 3] = R[M[pc] & 3];
pC++;

} else if ((M[pc] >> 4) == 1) {
R[(M[pc] >> 2) & 3] += R[M[pc] & 3];
pC++;

} else if ((M[pc] >> 4) == 14) {

R[@] = M[M[pc] & 0xf];

pC++; PC RO Rl  R2 R3
} else if ((M[pc] >> 4) == 15) { 4% wn oo o010
M[M[pc] & Oxf] = R[O]; rF f
PCH+5 1100
} nh I—.{ move r3 ro




aHl-+2 (000 [ rtif re]

\ add [0 00 1] [ rt][ rs]
##%: PC, RO (RA), R1, R2, R3 (8-bit) =  1oad [1110] [ addr ]
NA&: 1657 (FF VWi M) store [1111] [ addr ]

void idex() {

u8 inst = M[pc++];

u8 op = inst >> 4;

if (op == @x0@ || op == Ox1) {
int rt = (inst >> 2) & 3, rs = (inst & 3);
if (op == 0x0) R[rt] = R[rs];
else if (op == 0x1) R[rt] += R[rs];

}

if (op == @xe || op == oxf) {
int addr = inst & Oxf;
if (op == 0@xe) R[O] = M[addr];
else if (op == Oxf) M[addr] = R[@];

} PC R® RL R2 R3

) 0000 | 0001 0001

} #45% 0001 | 0010 0010
| '

< M
0 wh
0000
1100

B4 I—»{ move r3 ro




rt Irs

REBBIFS (YEMUME) |

op

addr

typedef union inst {
struct { u8 rs : 2, rt: 2, op: 4; } rtype;
struct { u8 addr: 4, op: 4; } mtype;
1 inst _t;
#define RTYPE(i) u8 rt = (i)->rtype.rt, rs = (i)->rtype.rs;
#define MTYPE(i) u8 addr = (i)->mtype.addr;

void idex() {
inst_t *cur = (inst_t *)&M[pc];
switch (cur->rtype.op) {

case 0boooo: { RTYPE(cur); R[rt] = R[rs]; pc++; break; }
case 0boool: { RTYPE(cur); R[rt] += R[rs]; pc++; break; }
case 0b1110: { MTYPE(cur); R[RA] = M[addr]; pc++; break; }
case 0b1111: { MTYPE(cur); M[addr] = R[RA]; pc++; break; }

default: panic("invalid instruction at PC = %x", pc);

10



http://jyywiki.cn/pages/ICS/2020/demos/yemu.tar.gz

typedef struct
union {
struct {
uint32 t
uint32 t

uint32 t

BRICIESTHHE

 Union / bit fields

int32 t
¥ i;
struct {
uint32_t
typedef union inst { e
int32 t
struct { u8 2 7, 2 7, : 4; } rtype; uint32 ¢
uint32 t
struct { u8 : 4, : 4; } mtype; AT
3 . 't', t {
} 1nSt_tJ ° LEE’GZ_’(
uint32 t
uint32 t
uint32 t
Tu;

{

opcodel 0 :
opcodeb 2 :

rd
funct3
rsl
simmll ©

opcodel 0 :
opcodeb 2 :

imm4 0
funct3
rsl

rs2
simmll 5

opcodel 0 :
opcodeb 2 :
rd

imm31 12

= gint32_t val;
) E } instr;
} riscv32 ISADecodeInfo;

© WERRA TSI
. FLARARAHE BRI + RN

inst t *cur = (inst_t *)&M[pc];
// cur -> rtype.op
// cur -> mtype.addr

11



Week4: HEZR{FD1E1Ht 1

GitHub is a development platform inspired by the way you work.
From open source to business, you can host and review code,
manage projects, and build software alongside 50 million
developers.

+ TR ABERIINIEER St
- BEMTENRFHERED
- . BIERG. DTRRR. ERE. MR

o« FYFZRIANRIEFS
- BERNE. EIFR. BE (FHRHEHFNX])
s REATFHEZR (BIF: awesome C)

12



A Visual Git Reference

reference to current branch

another branch /

\ child points to parent HEAD

stable main < current branch

a4rc3 b325c¢ / c10b9 da985 ed489

T\

commit objects,
identified by SHA-1 hash

files to go In next commit
e

Stage (Index)

files that you “see” .
Working Directory

ommit 8738b7b32e71a78t5b73376dc664780dd16800eb (
Author: tracer-ics2020 <tracer@njuics.org>

Date:  Thu Aug 19 18:27:15 2021 +0800

13



Make_| &

« [@Fi: YEMU %358

« Makefile 2—E& “declarative” B9{tHS
- AT 102 B BIRKE K R E 5L

$ make

gcc -Wall -Werror -std=cll -02 -c -0 yemu.o yemu.c

gcc -Wall -Werror -std=cll -02 -c -0 idex.o idex.c
-0 yemu yemu.o idex.o

* make -3j8

14


http://jyywiki.cn/pages/ICS/2020/demos/yemu.tar.gz

NEMURHRSHIE

[Tr

- Makefile EEZ*
« TF?
« —ANAES
* FEMEE make apLSEFRAIT T 1A (trace)
« RTFM/STFW: make 12HA9F1NE Y15k
« -n RITENGRSANETT
 -B 3&#l make FrE BTr
make -nB \

| grep -ve '~\(\#\|echo\|mkdir\)’ \
| vim -

- HSO)OBHAEZH
- FMi2—MEgcc — (F@iF) Fl—Tgcc (5EE)
« KEBoMakefileBEl 24miFIEln

15



Week5: fEZ2{AB1EiIH2

NEMUF X 305 B 57 R LA —A~ “AIPTAA K7 @B .

« RN THE—T
° Iﬁ\gl lJ\{ZISQH
* treeBHIH /N FRE
e find . -name "*.c" -o -name "*.h" (100+ PN31E)

- TNEIER

e find ... | xargs cat | wc -1

$ find . -name "*.c" -0 -name "*.h" | xargs cat | wc -1
23069

$ find tools -name "*.c" -0 -name ".h" | xargs cat | wc -1

17728

16



I SE RS . MmainFFegs

CIESMAE, #ZMmain()HmiziTHI. IBAMET Bmainle?

- NS &Wmain. c, HHEER
- {FAIDE (vscode: Edit->Find in files)

init.sh Makefile README.md tags




NN

S Mmaing

/e

- CIEEB, #EMmain()FF

2 A Bmainlg? I

Iz1THY, ABAMRE

- NS &Wmain. c, HHEER
- {FAIDE (vscode: Edit->Find in files)

» The UNIX Way (EFHEaME Az, BIREZRES)

grep -n main $(find . -name "*.c

") # RTFM: -n

18



grep -n main $(find . -—Name "*-C")

$ grep -n main $(find . -name "*.c")
./tools/gen-expr/gen-expr.c:13:"int main() { "
./tools/gen-expr/gen-expr.c:23:int main(int argc, char *argv[]) {
./tools/fixdep/fixdep.c:385:int main(int argc, char *argv([])
./tools/kconfig/mconf.c:1004:int main(int ac, char **av)

./tools/kconfig/symbol.c:1265: /* for choice groups start the check with main
choice symbol */
./tools/kconfig/menu.c:331: /* set the type of the remaining choic

e values */

./tools/kconfig/build/lexer.lex.c:144:/* The state buf must be large enough to hold on

e state per character in the main buffer.

./tools/kconfig/build/lexer.lex.c:2684:/** The main scanner function which does all th

e work.

./tools/kconfig/build/lexer.lex.c:4119:/* Defined in main.c */
./tools/kconfig/build/parser.tab.c:541: "T NOT", "$accept", "input", "mainmenu stmt",
"stmt list",

./tools/kconfig/conf.c:500:int main(int ac, char **av)

./resource/sdcard/nemu.c:91: unsigned int blocks; /* remaining P

I0 blocks */

./src/engine/interpreter/init.c:3:void sdb mainloop();
./src/engine/interpreter/init.c:10: sdb mainloop();
./src/isa/riscv64/instr/decode.c:55:def THelper(main) {
./src/isa/riscvb4/instr/decode.c:65: int idx = table main(s);
./src/isa/riscv32/instr/decode.c:55:def THelper(main) {
./src/isa/riscv32/instr/decode.c:65: int idx = table main(s);

./src/nemu-main.c:8:1int main(int argc, char *argv[]) {

./src/monitor/sdb/sdb.c:84:void sdb mainloop() {

./src/monitor/sdb/sdb.c:97: /* treat the remaining string as the arguments,

19



=RIE(CAD . MmainFHA

- CIESURS, #ZMmain()FEE THY. BRABET Bmainle?

- NS &Wmain. c, HHEER
- {FAIDE (vscode: Edit->Find in files)

» The UNIX Way (EFHEaME Az, BIREZRES)

grep -n main $(find . -name "*.c") # RTFM: -n

find .

| xargs grep --color -nse '\<main\>'

20



find . | xargs grep --color -nse '\<main\>'

| xargs grep --color -nse '\<main\>'
./README.md:7:The main features of NEMU include
./tools/gen-expr/gen-expr.c:13:"int main() { "
./tools/gen-expr/gen-expr.c:23:int main(int argc, char *argv[]) {
./tools/fixdep/fixdep.c:385:int main(int argc, char *argv[])
Binary file ./tools/fixdep/build/fixdep matches
Binary file ./tools/fixdep/build/obj-fixdep/fixdep.o matches
./tools/kconfig/mconf.c:1004:int main(int ac, char **av)
./tools/kconfig/symbol.c:1265: /* for choice groups start the check with main
choice symbol */
Binary file ./tools/kconfig/build/conf matches
Binary file ./tools/kconfig/build/obj-conf/conf.o matches
./tools/kconfig/build/lexer.lex.c:144:/* The state buf must be large enough to hold on
e state per character in the main buffer.
./tools/kconfig/build/lexer.lex.c:2684:/** The main scanner function which does all th
e work.
./tools/kconfig/build/lexer.lex.c:4119:/* Defined in main.c */
Binary file ./tools/kconfig/build/obj-mconf/mconf.o matches
Binary file ./tools/kconfig/build/mconf matches
./tools/kconfig/conf.c:500:1int main(int ac, char **av)
./tools/kconfig/expr.h:70: S DEF USER, /* main user value */
./src/isa/riscv64/instr/decode.c:55:def THelper(main) {
./src/isa/riscv32/instr/decode.c:55:def THelper(main) {
./src/filelist.mk:1:SRCS-y += src/nemu-main.c
./src/nemu-main.c:8:int main(int argc, char *argv([]) { |
Elnary Tile ./build/riscv3Z-nemu-i1nterpreter matches
./build/obj-riscv32-nemu-interpreter/src/nemu-main.d:1:cmd /home/why/ics2021/nemu/buil
d/obj-riscv32-nemu-interpreter/src/nemu-main.o := unused

21



fz+f

___wApplications | @ Terminal - why@debian... I | RRELNT ISRV —

t" Terminal - why@debian: ~/ics2021/nemu l @ o @B &3
File Edit View Terminal Tabs Help

$ ls

coifigs include Kconfig Makefile README.md resource scripts src tags tools

$



Vim: XEMEATEIRT | &1

* Marks (3 {FATRIC)

* ma, 'a, mA, ‘A, ...

» Tags ((EAIEZIAIBEER)
 :jumps, C-], C-i, C-o, :tjump, ...
» Tabs/Windows (ETEZ3{4)
 :tabnew, gt, gT, ...

» Folding (XI5 AE3)

e ZC, 20, zZR, ...

- EEUIHRLARME: (RTFM, STFW)

e vimtutor

ﬁ”



https://www.bilibili.com/video/BV13s41167z8

(uersiun 1.1 \
April 1st, 06

Fsc I vi / vim graphical cheat sheet I

normal
mode

toggle || external play rev Q/ goto || /A "soft" repeat|| % next begin end "soft" bol next
case ! filter “macro| # ilzlent ol /Omatch bol & s ident ) ___ down + line
_ goto 2 "hard"|[_ prev || — auto3
® mark 1 2 3 4 5 6 7 8 9 0 bol ine || — format
ex next end replace v back Y yank undo I insert O open paste begin ‘lr end
mode ‘ORD) ‘WORD)| mode "l line line at bol above before| parag. parag.
record next end replace] "y 1,3 7 insert open aste] . .
* macro word e word r‘ char t' il y yﬂni{ u undo mode O below ];fter [' Lol i ° rmisc
append| subst delete o back" eof/ screen oin screen exemd || " reg.1 bol
A at eol S line to eol *find ch goto In| H top J l]mes K =i bottom : line ® spec goto éol
subst L3 £, find extra0 . repeat || ', oto \ not
Aappend([S char d delete char g’ cmds h <+ ] * k ’ 1 = s t/T/f/F . bol used!
_ch back- change visual rev prev screen| un-3 - 3 find
Z- quit space C to eé;l lines V\l;ORD N(ﬁlld) mid'l < indent > indent ") (rev.)
xtrad delete 1,3 visual next . set t
Z' gmqli: char C change mode word n (find) m mark]|| s :}:‘7;71? . rﬁ&eél ¢ find
moves the cursor, or defines Main command line commands ('ex'): Notes:
the range for an operator :w (save), c} (l})mt), :q! (quit w/o saving) (1) use "x before a yank/paste/del command
[command] direct action command, :e f (open file to use that register (‘clipboard’) (x=a..z,")
if red, it enters insert mode :%s/x/y/g (replace 'x' by 'y' filewide), (e.g.: "ay$ to copy rest of line to reg 'a’)
. . :h (help in vim), :new (new file in vim), : . .
requires a motion afterwards, (2) type in a number before any action
R operates between cursor & Other important comands: to repeat it that number of times
destination CTRL-R: redo (vim), (e.g.: 2p, d2w, 5i, d4j)
extra | SPecial functions, CTRL-F/-B: page up/down, (3) duplicate operator to act on current line
requires extra input CTRL-E/-Y: scroll line up/ down, (dd = delete line, >> = indent line)

CTRL-V: block-visual mode (vim only)

q' commands with a dot need (4) ZZ to save & quit, ZQ to quit w/o saving

a char argument afterwards Visual mode:
bol = beginning of line, eol = end of line, Move around and type operator to act (5) Zt' scroll cursor to top,
mk = mark, yank = copy on selected region (vim only) © bottOfn;ﬂH(' centerl )
: uux|(f baz, baZ 6) gg: top of file (vim only
words: (£edl) ] Baz) J g% open file under CllI‘S(;l‘ (vim only)

WORDs: Quux (foo, baz) ;|

\_ Foragraphical vi/vim tutorial & more tips, go to www.viemu.com - home of ViEmu, vi/vim emulation for Microsoft Visual Studio




Applications - [@ Terminal - why@debian... | @ Terminal - why@debian. .. | et B 1751 $R| wh
- |

Terminal - why @debian: ~ [ S T

File Edit View Terminal Tabs Help

why@debian:~/ics2021/nemu$% why@debian:~/ics2021/nemu$

why@debian:~/ics2021/nemu$




INRFEREXHIF=

init monitor(int, *[1);
am_init monitor();

expr.c engine start();
sdb.c is_exit_status bad();
sdb.h

watchpoint.c main( argc, *argv[]) {

am init monitor();

inflt_monitor(arge, argv);

engine start();

is_exit_status_bad();

<1/ics2021/nemu/src/monitor/sdb <oconf.h[3] [cpp] unix utf-8 Ln 1, Col 1/28 <CS2021/ics2021/nemu/src/nemu-main.c[1] [c] unix utf-8 Ln 13, Col 5/26

-- INSERT --

$ 1s
Makefile
Kconfig README.md
$ make
+ LD /home/why/Documents/ICS2021/ics2021/nemu/build/riscv
32-nemu-interpreter
$




Week6: £33

SHIN | BF =

« BB MG 2R B (HEZIERE) BIEARTT

- MzEEREREEZLNNZEE

+ &(5), 1 (3k), ~ )

© N ()

. << (BRI, >> (M)

OHl

&

. {BlF: —4EZF4bEREE 8-bit MOS 6502
. 3510 BIAE; 56 155, EEISS(NAEMRBEIIDEE

Instructions by Name

add with carry

.. and (with accumulator)

arithmetic shift left
branch on carry clear

branch on carry set

.. branch on equal (zero set)

.. bit test

.. branch on minus (negative set)
.. branch on not equal (zero clear)
.. branch on plus (negative clear)

.. break / interrupt

branch on overflow clear
branch on overflow set

clear carry

.. clear decimal

.. clear interrupt disable

.. clear overflow

.. compare (with accumulator)

.. compare with X

.. compare with Y

decrement

.. decrement X

.. decrement Y

2/



https://www.masswerk.at/6502/6502_instruction_set.html

T IHFIRTEZ/DIM)

int bitset size(uint32 t S) {
int n;
for (int i = 0; 1 < 32; i++) {
n += bitset contains(S, 1i);

¥

return n;

}

int bitset sizel(uint32 t S) { // SIMD

S = (S & @x55555555) + ((S >> 1) & ©x55555555);

S = (S & 0x33333333) + ((S >> 2) & 0x33333333);

S = (S & OXOFOFOFOF) + ((S >> 4) & OXOFOFOFOF);

S = (S & Ox00FFOOFF) + ((S >> 8) & OxOOFFOOFF);

S = (S & Ox0000FFFF) + ((S >> 16) & OxO00OFFFF);
return S;

28



Bit Set; 1R[] S # ¢ PPYEANTTE=

+ BHGEx = eb+++++100, H(HESEIREI 1100
- % ERERNERPOE—EER, s+ ++RIRBDEINIEE

RIER R
X Ob+++++100
x-1 Ob+++++011
~X Ob----- 011
~X+1 Ob----- 100

. —BS BT
e X & (x-1) - Ob+++++000; x ~ (x-1) —> 0bo00VO111;
e X & (~x+1) > 0boEVR100 (lowbit)
© X & -X, (~x & (x-1))+ 1 #EBITLASCHlowbit
« RIBHEFERTTEALUIMEXK|S|

29



Bit Set: |log,(x)]

« Z[@F31-clz(x)

int clzCuint32_t x) {

int n = 0;

if (x <= 0x0000ffff)
if (x <= ox00ffffff)
if (x <= OxOfffffff)
if (x <= Ox3fffffff)
if (x <= Ox7fffffff)
return n;

+ (FEAMUEE) RiRx21owbithIER?

#define LOG2(x) \

+=

+=

+=

+=

++:

)

16, x <<= 16;
8, x <<= 8§;
4, X <<= 4;
2, X <<= 2;

. 0x00000001

. 0x00010000

. 0x01000000

X | X | X | X

. 0x03000000

s ={0)

("-01J2GK-3@HNL ; -=47A-TF0?M:<6-E>95D8CB"[(x) % 37] - '0')

16
24
28
30
31



NN/
N\

AN
/ool

v

YBE
&

Undefined Behavior: ZX[F %X

UINT_ MAX+1 0
INT _MAX+1l; LONG_MAX+1 undefined
char ¢ = CHAR_MAX; c++; varies (??7?)
1 << -1 undefined
1< 0 1
1 << 31 undefined
1 << 32 undefined
1/ 0 undefined
INT MAX % -1 undefined

* W. Dietz, et al. Understanding integer overflow in C/C++.
In Proceedings of ICSE, 2012.



BN HFImFE UL

int f() { return 1 << -1; }

- IRIEFM, XENTUB, FRclangiXtFEhE

0000000000000000 <f>:
0: c3 retq

* X M EERMIER 7

W. Xi, et al. Towards optimization-safe systems: Analyzing the
impact of undefined behavior. In Proceedings of SOSP, 2013.



Bit Set: 3|log,(x)] (cont'd)

« FB—REETTIRIE (meta-programming) ; if—ixlog2.c
import json

n, base = 64, '0’
for m in range(n, 10000):
if len({ (2**i) % m for i in range(n) }) == n:
M ={ j: chr(ord(base) + i)
for j in range(0, m)
for i in range(0, n)
if (2%%xi) % m == j }
break

magic = json.dumps(''.join(
[ M.get(j, '-') for j in range(0, m) ]
)).strip('“’)

print(f'#define LOG2(x) ("{magic}"[(x) % {m}] - \'{base}\')") ,
3


http://jyywiki.cn/pages/ICS/2020/demos/log2.c

SLEHNT B RN

» SIHEAFRIERZ
- HBEF32/64-bit 01 ERRFTA—/\EBDSLEL
- BE—TMEREYSE, EB—1013BIRETE—NEEE
- EEHERAARIT
. HEIRERAKA

- FEHBTIEEE754
 1bit S, 23/53bits Fraction (E%£%), 8/11bits Exponent (/}13),

x = (—1)°% (1.F) x 285

sign exponent({8-bit) fraction (23-bit)
] | |

0|0(1)11|1|1|0|0|0|1|0|0|0|O|O|O|O|O|O|O({Of{OfO(O(O(O(O(O(O(O(O0| = 0.15625

O @)
31 23

o0



2

IEEE754: {RERIBEAFIERYES

« — AN EHOK VBRI (float o)
KO, R R — ST A
» OJEESTRIERANBEXTIRE
« FIMRZHFEEINEMT—L

L

 BIF WL+

#define SUM(T, st, ed, d) ({ \
Ts=0; \
for (int i = st; i !'=ed +d; i +=d) \
s += (T)1 / i; \
s; \
1)


http://jyywiki.cn/pages/ICS/2020/demos/float.c

2 S — ”»__ S

Week7: X86_645WH ;Et__;gldﬁ_lcill foo(int m1, int m2, int m3, int m4);

int foo(int m1, int m2, int m3, int m4) {

return ml + m2 + m3 + m4;

R o—s IR . int main() { foo(1,2,3,4);}

4
g] Disassembly of section .text:

y 00000000 <foo>:

: of le fb endbr32
2 4: push  %ebp
( : mov sesp,%ebp
] ff ff ff call 8 <foo+0x8>
1 : 00 00 00 add
= s 8 45 oc =
ebp iR ) M hE ; add
A& hE : 45 10 mov
esp Old ebp : 2 add
. ® > 3 14 mov
*&]ﬁ add

pop
ret

00000025 <main>:

25: of le endbr32
29: push %
(=] mov sesp,%ebp
ff call 2d <ma1n+0x8:
00 add $0x1,%eax
push  $0x4
push  $0x3
push  $0x2
push  $0x1
call 3f <main+Oxla>
add $0x10,%esp

cdeclpk *ﬁlﬂﬁﬁl 15[] T(e);ve $0x0, %

ret
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void plus(int a,
fprintf(stdout,

3

o SCRRIfE
EEGENSE

« calling convention:

0000000000700 <plus>:

int b) {
"%d + %d

= %d\n",

rdi, rsi, rdx, rcx, r8,

EI’J/—E __fprintf chk@plt
stdout, %d + %d = %d\n,

a, b, a+ b);

a, b, a+b
ro

700: 44 8d oc 37 lea (%rdi,%rsi,1),%r9d
704: 89 f9 mov %edi,%ecx
706: 48 8b 3d 03 09 20 00 mov ©x200903(%rip),%rdi # 201010 <stdout@@GLIBC 2.2.5>
70d: 48 8d 15 bo 00 00 00 lea OxbO(%rip),%rdx # 7c4 < IO stdin_used+0x4>
714: 41 89 f0o mov %esi,%r8d
717: 31 co Xor %eax,%eax
719: be 01 00 00 00 mov $0x1,%esi ==
71le: e9 5d fe ff ff jmpqg 580 <__ fprintf_chk@plt>
e A
rdi rsi r9 rcx rdx
"%d + %d = %d\n" data
stdout 1 a+b a \\
r8d eax rp e— code
b 0
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e = 1==hy 1] =1 ok

HRRIZRIAT,

int foo(int x, int y) {

int z;

X++; y++;

asm (
"addl %1,
"movl %2,

"=r"(z)
"r'"(x),
);
return z;

%2; "

%0; "

// output
"r"Cy) // input

0000000000000000

f3
55
48
89
89
83
83
8b
8b
01
89
89
8b
5d
c3

of

89
7d
75
45
45
45
55
c2
do
45
45

le

e5
ec
ed

gcc -00

endbré4

push

mov sp,%rbp

mov sedi, -0x14 (%
mov %esi, -0x1

addl

addl $0x1, -0x18(

mov -0x14(%rbp) ,%
mov -0x18(%rbp) , %edx
add ' '

mov

mov %eax, -0x4(%rbp)
mov -0x4(%rbp) ,%eax
pop %srbp

ret 38



Week8: iS5 NE075

* A: EBNXvar (0x1000)

* B: movl $0x2a, var

mov F5& 5

# var = 42

_________________________________________

Skze: kil

39



AJHUTSUHETVZELF

int global_int_var = 84;
int global_int_var2;

void funcl(int 1i){
printf(“%d\n”, 1i);
} I

int main(void){

static int static_var = 85;

static int static var2;

int a = 1;

int b;

funcl( static_var + static_var2
+ a+ b);

return 0;

File Header

.text section

.data section

.bss section

40



WEEZ .0

.bss section

File Header .
File Header
textsection |7 ---——o______
“““““““ >
.data section =
T~ .text section
= P
. File Header P
.bss section ~- -
text section . S~o -
S~ .7
-~ .
~ o
7 \\
7 ~
-, ~o
e |
7
.data section Te-al s
"o “~§_w/ _______________
\\ - “~\~
~ 7 ~~\
~ e S~a
SN T==~a d t ti
: N RGN - .data section
.bss section S .
7z N ~
s N ~ A
-, ~ \\
- ~ ~
e S S
i -, ~ ~
File Header - ~e .~ >
/, \\ \v -
-, ~ RN
7 ~ -
-7 ’,\(’ Se
.text section -7 _--" e RS
- - ~
- ~
- ~
- ~
- ~
- RO
- ~
"f \\ .
- s .bss section
.data section Y 0
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#&¥E Two-pass linking

» SSEFHIERY S EC

- EIENMSER, R, FIERKEZEMRITKRR

S RENTHIE

Vi Za
* 43

- WNMENIRES?

[ILL]1

e

EfI

10 1000 0111
11 ..

42



BHA? Ay -47 Lo 1

* readelf —a main.o vy —

&l iion section '.rela.text.startup' at offset 0x208 contains 7 entries: I— V-4 —|
Offset Info Type Sym. Value Sym. Name + Addend
00000000000a 000500000002 R X86 64 PC32 0000000000000000 y - 4
000000000010 000600000002 R X86 64 PC32 0000000000000000 x = 4
000700000004 R X86 64 PLT32 0000000000000000 foo - 4
000500000002 R X86 64 PC32 0000000000000000 ¥ - 4 File Header
000600000002 R X86 64 PC32 0000000000000000 x - 4
00020000000a R X86 64 32 0000000000000000 .rodata.strl.1 + 0
000800000004 R X86 64 PLT32 0000000000000000  printf chk - 4

Disassembly of section .text.startup:

0000000000000000 <main>:

0: f3 0f le fa endbr64

4: 48 83 ec 08 sub %
8b 35 00 00 0O mov ), i # e <main+0xe>
8b 3d 00 00 0O mov | i # 14 <main+0x14>
e8 00 00 00 00 call .data section
8b 0d 00 00 0O mov i # 1T <main+0x1f>
8b 15 00 00 0O mov rip) # 25 <main+0x25>
be 00 0O 00 0O mov i
41 89 cO mov
bf 01 00 00 0O mov
31 cO xor 3
e8 00 0O 0O OO call 39 <main+0x39> | S

31 c0O Xor 5 .bss section

48 83 c4 08 add  $0x8,%rsp |
c3 ret
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gccF1dpgisE

* man gcc

to write -Xlinker "-assert definitions", because this passes the entire string as a
single argument, which is not what the linker expects.

When using the GNU linker, it is usually more convenient to pass arguments to linker
options using the option=value syntax than as separate arguments. For example, you

can specify -Xlinker -Map=output.map rather than -Xlinker -Map -Xlinker output.map.

Other linkers may not support this syntax for command-line options.

Hﬂ!ogt ion

Pass option as an option to the linker. If option contains commas, it is split into
multiple options at the commas. You can use this syntax to pass an argument to the
option. For example, [II#-Map,output.map passes -Map output.map to the linker. When
using the GNU linker, you can also get the same effect with [J[I§]-Map=output.map.

NOTE: In Ubuntu 8.10 and later versions, for LDFLAGS, the option [[W-z,relro is used.
To disable, use [§JW-z,norelro.

-u symbol
Pretend the symbol symbol is undefined, to force linking of library modules to define

it. You can use -u multiple times with different symbols to force loading of
additional library modules.

-z keyword
-Z is passed directly on to the linker along with the keyword keyword. See the section

in the documentation of your linker for permitted values and their meanings.

Options for Directory Search
These options specify directories to search for header files, for libraries and for parts

of the compiler:

-1 dir
-iquote dir
Manual page gcc(1l) line 11096/23056 53% (press h for help or q to quit)




Programl.o
Lib.o

45



Week10: I/O18 515k

» CPUT L BERBIT8<01IEE XY E Fe
« Port-mapped I/O (PMIO)
« 1/OBIE=S[E] (port)
- CPUEIEI/IORE

INERIR Reg Reg Reg Reg

« Memory-mapped I/O (MMIO)
- B (RS EBENFESE<SHELNT
o TR T —URITHFNSCIIRIRRT . SRiFEE UL, BF. BT

Turing Machine 0x12345678

RN EEEEEEEEEEEsEEEEEEEEEEEESEEEEEEEEEEmETEEEssssssssEEEEEEEE

05659505 FHB 46

SNERIR Reg Reg Reg Reg




Week11: i IE 1€

A9 bug B A2 1 EKAITE

« K > 11T > XAB > Fault (bug) = Error (F2FRIASES) - Failure
o FRAIRBENLNZ failure (RTNLNAYLEERES)
« B ERSHIERME (BIEEZERT)
o JoATA] bug FEBER (B—17 "HiSKR" #EXIRY)

for (int i = 0; i < n; i+x) faulf ¥Fbug
for (int j = 9; j < n;(i4+)

error failure

R7&1E Kk spec A W0 A timeout
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i) B B

1€ (cont’d)

- SIURITIAVSRIFE

V V X

48



IS

ER > Bt > KB = Fault © Error = Failure

I |

iz

|

45 Erassert

/
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Week12: E %t

i |
JIam

2370

Kok

50



Differential Testing

\

“Bl—&4 0 (APl) WAANEA R BITh T AL —&"

» KEERZF & /MiREF: 18<SERMELI
» BB AT AR GRIGIF?

o (REEFEIFD IR SEMAVZRAG, EBeT LA
« N'5S8§ Mesbah and Prasad, ICSE'11
 GCC(vsclang), Yang et al., PLDI'11
« SRS, Min et al., SOSP'15
« ¥RERE Rigger and Su, OSDI'20
 Geov (vs llvm-cov)BERYBEFE gec/llvm BB AIIIRZS bugs
 DLlibrary Pham et al., ICSE’19

51


https://dl.acm.org/citation.cfm?id=1985870
https://embed.cs.utah.edu/csmith/
https://dl.acm.org/citation.cfm?id=2815422
https://www.usenix.org/conference/osdi20/presentation/rigger
https://dl.acm.org/doi/pdf/10.1109/ICSE.2019.00107

NEMUFIQEMU1ME

chilq ISA_QEMU_BIN

O—0O
fork()
O~O-O~-0O—C

father
NEMU

9 #define ISA QEMU BIN "gemu-system-riscv32"
#define ISA QEMU ARGS "-bios", "none",
#elif defined(CONFIG ISA riscv64)

#define ISA QEMU BIN "gemu-system-riscv64"

void difftest init(int port) {
char buf[32];
sprintf(buf, "tcp::%d", port);

int ppid before fork = getpid();
inthpidi= fork();
(pid == -1) {
perror("fork");
assert(0);
}
(pid == 0) {

int r = prctl(PR SET PDEATHSIG, SIGTERM);
(r==-1) {
PErROr(*pret i errar )5
assert(0);

}

(getppid() !'= ppid before fork) {
printf("parent has died!\n");
assert(0);

}

close(STDIN FILENO);

execlp(ISA QEMU BIN, ISA QEMU BIN, ISA QEMU ARGS "-S",
"-serial", "none", "-monitor", "none", NULL);

penten(texect);

assert(0);

{

gdb_connect gemu(port);
printf("Connect to QEMU with %s successfully\n", buf);

atexit(gdb exit);

init isa();

"-gdb", buf,



Week13: it 5584 2(ES

CPU

v

HREE“
|

AT
|

=

- Bk

- BETEESZERA—RAE

WigPC e 'E.
N .
pic e FRAR
"""" fi
ext pc
)

counter --;

if(counter == 0){
counter = C;
INT = —INT;

if (has_interrupt && int_enabled) {

interrupt_handler();
3
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FRITRYSCEEN

b REBAR SR
-« REERBERF PC 2L (%rsp)
o (BRTAMYERF PC (JTEEREBEMNRYIHAIAR)

° E:I;_kﬁm\'fg
- BalfRF RIP, CS, RFLAGS, RSP, SS, (Error Code)

BT foo
cu | ! T=
PR | | cPuk 4 i - R
HRE;E NT\ v &%L%_%ﬂ R e ot :__cmp reaX, 7nebX
i%fi% B h_, _
_ 4
AT ]
L next pc :
v l
&k 2 3% I
I‘i -Tl-jl ret :

- 54



IEENIT

hill

AN

TR TR

EENTT

ZRENTT

55




BILY
(.45 B AT 69 rsp)

A1
(QLIEFHT AT 89 rsp)

(7p)
-
(D)
s P
o0
ol 21 & ol 2lglQ| =% =
© g
Lo
A
Koo ®NF
A |||||||||||||||||||||||||||||||||||| MA
/
/
1
A E._._ !
H- ) = =i Y
\
\
\
\
\
|||||||||||||||||||||||||||||||||||| >\
K< RN
(7p]
-
(D)
» ®
| % o o RV —
() o » o
ol 2| =| o| —|&| =< o0
S| (- E=2 O ()
© a
Tp)
A
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chilf + BRI = HEISHE

void foo() { while (1) printf("a"); }
void bar() { while (1) printf("b"); }

» gefi5iLfoo()F0bar() "MERY" RIS EHIT?
- BEIEREYEEEIEARNLnterrupt_handler()EM

void interrupt_handler() {
dump_regs(current->regs);
current = (current->func == foo) ? : foo;
restore_regs(current->regs);

3
- BIFRFEERT "AE" RS
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VN

RETATFEE

0x1234

Ho A

0x20000000

MMU

N7

volatile int *p =

for (int i = 1; i < 1000; i++)

*p:l;

58



W15 155V AF0RiER

» EIDEE, AHAKR—ME, FEEBmIFEEIT?
o JRIE. PEEE
¢ oFEE-> 1 omFEo .s oilR—> .o > > a.out
o INEFIT

e ./a.out

s BE, —(UFEFXXMIRER L 7 REE
+ BAME! HHRIER gec —MEFERREN
. B LSRR AT
* AR BRIXAIRZFE?

OO0 OO

ccl as collect2/Id
59







1EI288GDB

. IFETREL

o« EISZIOINEE
HittIheeErl LAE

BEE, u\

A SCIRRY?
= PC UM

- B 548
» watch point: BBZEEIH + 18BN

int $3

text

N GDB

- Iiﬁl\\\*fm
SHHT

CPU
B
BUfE

|
L

INT

31302928 27262524 2322212019181716151413 1211109 8 7 6 54 3 2 1 0

LEN|R/W|LEN |R/W/|LEN|R/W|LEN|R/W|0 0 /G| 0 0 1/G|L|G|L|G|L|G|L|G|L

3 3 2 2 1 1 0 0 D E(E|3[3|2|2|1|1|0|0

31 161514131211109 8 7 6 54 3 2 1 0

Reserved (set to 1) BBBf0111111111B/BBB

T|S|D 3/2{1|0

31 0

31 0

31 0
Breakpoint 3 Linear Address

31 0
Breakpoint 2 Linear Address

31 0
Breakpoint 1 Linear Address

31 0
Breakpoint 0 Linear Address

l:| Reserved

DR7

DR6

DR5S

DR4

DR3

DR2

DR1

DRO

61



Week16: MEEMTIY,

- BRI gmiE+ T
- R IEESFIRER S
- W2 RE I NIR = ERE
- RIFREN—LER, ERmESSHNIER
- IR UICRIIREsafe
« Within procedure analyses

 Static information analyses
» “Conservative” to be “safe”

* Two optimization blocker
* Memory aliasing
* Function calls

62



FER1.2

//a.c //b.c

#include <stdio.h> . .
void f1 (int *xp, int *yp){ #include <stdio.h>
’ void f1 (int *xp, int *yp){

*Xp += *yp; o o s
*Xp += *yp; ) P o= 2 T

*Xp += *Xp; «
Xp += 2* *xp;
*Xp += *Xp; P P

IR xpFypig[c) B —LR A fFHb AL ?

Memory aliasing 63



#include <stdio.h>

gcc -02 a.c -fno-strict-aliasing

int foo(int* ptrl, long* ptr2) 0000PELOAOMO1149 <foo>:
[ 1149: f3 0f le fa endbr64
ADLOLESRLE 114d: c7 07 Oa 00 00 00 movl  $0xa, (%rdi)
fe = 1153: 48 c7 06 Ob 00 00 00  movq  $0xb, (Srsi)
) S 115a: 8b 07 mov %rdi) , %eax
115c: c3 ret

int main().
it
long data = 100.0;

gcc -01 a.c

int result = foo((int *)&data, &data);

printf("%d \n”; result);

0; 0000000000001180 <foo>:

1180: f3 0f le fa endbré4
1184: c7 07 Oa 00 00 00 mov 1 $0xa, (%rdi)
118a: b8 Ga 00 00 00 mov $0xa,%eax
118f: 48 c7 06 Ob 00 00 00 mov(q $0xb, (%rsi)
1196: c3 ret

gcc -02 a.c

-fstack-reuse=[all|named vars|none] all

-fstdarg-opt [enabled]

-fstore-merging [enabled]

-fstrict-aliasing [enabled]

-fstrict-enums [available in C++, ObjC++]

-fstrict-volatile-bitfields [enabled]

-fthread-jumps [enabled] 64



Inline substitution

gcc -00 a.c
long £(); gcc -01 a.c
0000000000000DEO <funcl>:
long funcl(){ °  gcc -02 a.c -fno-inline
5: 48 89 e5 mov %rsp,%srbp
return -F() + -F() + 'F() + 'F()) 8: 53 push  S%rbx
} 9: 48 83 ec 08 sub $0x8,%rsp
d: b8 00 00 00 00 mov $0x0,%eax
12: e8 00 00 00 00 call 17 <funcl+0x17>
17: 48 89 c3 mov %rax,%rbx
]_ong -FuncZ(){ la: b8 00 00 00 00 mov $0x0,%eax
1f: e8 00 00 00 0O call 24 <funcl+0x24>
return 4 * f(); 24: 48 01 c3 add  %rax,%rbx
27: b8 00 00 00 00 mov $0x0,%eax
} 2c: e8 00 00 00 00 call 31 <funcl+0x31>
31: 48 01 c3 add %rax,%rbx
34: b8 00 00 00 00 mov $0x0,%eax
39: e8 00 00 00 0O call 3e <funcl+0x3e>
3e: 48 01 d8 add %rbx,%rax
gCC _02 a.c 41: 48 8b 5d f8 mov -0x8 (%rbp) ,%rbx
45: c9 leave
46: c3 ret
0000000000000000 <funcl>:
0: f3 0f le fa endbr64
4: 48 8b 05 00 00 00 0O mov Ox0(%rip) ,%rax # b <funcl+0xb>
b: 48 8d 50 04 lea Ox4(%rax) ,%rdx
f: 48 8d 04 85 06 00 00 lea Ox6(,%rax,4),%rax
16: 00
17: 48 89 15 00 00 00 00 mov Srdx, 0x0(%srip) # le <funcl+0xle>
le: c3 ret
1f: 90 nop




AR AR

Superscalar Issue (Pentium)

--nn-n-nn

|n5tl"3

= Superscalar issue allows multiple instructions to be issued
at the same time

66



93 3T

Tl SZRIBESS

404663: mov $@x6f %eax | :} Executing

404668: cmp (%rdi), %rsi

40466b: jge 404685 < How to continue?
40466d: mov Ox8 (%rdi), %rax

404685: repz retq
» AR IBUFHTTNS SZRIZER]

e java - Why is processing a sorted array faster than processing an

unsorted array? - Stack Overflow

67


https://stackoverflow.com/questions/11227809/why-is-processing-a-sorted-array-faster-than-processing-an-unsorted-array

XFHZ 74

printf() ZAFEBEREEZAELE, EARETHA?

» CPU (NEMU) S8 EHITIES

 (FAPRIBHIT)

. EERREL (Navy, ...)

« RSEFER wrapper

 syscall / int $0x80

o (BMERFRAD)

Rt/ ELIEFRRERE (AbstractMachine)

- REEREIN




@Al AMAIEEs

TR

69



HAZRITURR (2018)

« HAZRERT dump.txt

» —LEFIZR

- HERTRME C AXIRMAYC RS

« FAFREER (JLUARARERINERESIER)
» TFEAH BROA -00)

« REFRHIWT T

"7+ 2 N
- BRFRIEIZR, BUARERICIZEENIFRETR
« George A. Miller, 1956

- JURRMHIRSE? E7E 20 HINBRIBHE—T

70


http://jyywiki.cn/pages/ICS/2020/demos/dump.txt

OoNOOTUVIPWDNEO

PRRrRRRPRRPRRRRLRPR
OWONOOUDN WNRO®

38

39
40
41
42
43
44
45
46
47
48

08048530 <sort>:
8048530:
8048531:
8048533
8048536:
804853d:
8048544 :
8048549
804854c:
8048554 :
8048557 :
804855a:
8048562 :
8048564 :
8048566
8048569
8048571 :
8048574 :
8048577 :
804857e:
80485d1:
80485d8:
80485dc:
80485el:
80485e4 :
80485e7:
80485ed:
80485f1:
80485f7:
80485f8:
8048519

55
89
83
c7
c7
e9
8b
of
8b
83
of
38
76
8b
of
88
8b
8b
89
c7
83
al
83
3b
of
83
of
90
c9
c3

e5
ec
45
45
93
45
b6
45
co
b6
c2
72
45
b6
45
45
04
45

45

45
80
e8
45
8f
7d
85

10
8
fc
00
fc
14
fc
o1
04

fc
04
o
fc
c5
f4

8
fc
86
o1
fc
5c
8
3f

00
00
00

c5

c5

c5

64

01
01
04

£f
0o
£f

00
00
00
60

60

60

ao

00

08

£f

£f

00
00

ao

ao

ao

04

00

£f

£f

00
00

04 08

04 08

04 08

00

push
mov
sub
mov1l
mov1l
Jjmp
mov
movzbl
mov
add
movzbl
cmp
jbe
mov
movzbl
mov
mov
mov
mov
mov1l
addl
mov
sub
cmp

Jg
cmpl
jne
nop
leave
ret

%ebp

%esp,%kebp

$0x10, %esp

$0x0, -0x8(%ebp)
$0x0, -0x4 (%ebp)

80485dc <sort+@xac>
-0x4 (%ebp) , %eax
0x804a2060( , %eax, 8),%edx
-0x4 (%ebp) , %eax
$0x1,%eax
0x8042060( ,%eax, 8) ,%eax
%al,%dl

80485d8 <sort+0xa8>
-0x4 (%ebp) , %eax
0x8042060( ,%eax, 8) ,%eax
%al, -0x10(%ebp)

-0x4 (%ebp) , %eax
0x804a064( ,%eax,8),%eax
%eax, -oxc (%ebp)

$0x1, -0x8(%ebp)
$0x1, -0x4(%ebp)
0x8048680, %eax
$0x1, %eax

-0x4 (%ebp) , %eax
8048549 <sort+0x19>
$0x0, -0x8(%ebp)
8048536 <sort+0x6>



VWoOoNOTULLE, WDNEO

38

39
40
41
42
43
44
45
46
47
48

08048530 <sort>:
8048530:
8048531:
8048533
8048536
804853d:
8048544 :
8048549
804854c:
8048554 :
8048557
804855a:
8048562 :
8048564 :
8048566 :
8048569
8048571:
8048574 :
8048577
804857e:
80485d1:
80485d8:
80485dc:
80485e1l:
80485e4:
80485e7:
80485ed:
80485f1:
804857 :
8048518
804859

55
89
83
c7
c7
e9
8b
of
8b
83
of
38
76
8b
of
88
8b
8b
89

c/

83
al
83
3b
of
83
of
90
c9
c3

e5
ec
45
45
93
45
b6
45
co
b6
c2
72
45
b6
45
45
04
45

45
45
80
e8
45
8f
7d
85

10
8
fc
00
fc
14
fc
o1
04

fc
04
10
fc
c5
f4

8
fc
86
o1
fc
5c¢
8
3f

00
00
00

c5

c5

c5

64

01
01
04

£f
00
£f

00
00
00
60

60

60

a0

00

08

£f

£f

00
00

ao

a0

ao

04

00

£f

£f

00
00

04

04

04

08

00

|

v
=
O
<

mov
add

cmp
mov
mov
mov
mov

mov

mov1l

R A A A

P e e e e e e e e (30 oD@ OO

v

mov
sub
cmp
---jg
cmpl
jne
nop

leave

ret

movzbl

movzbl

.
(op
()
1
1

movzbl

addl <«

%ebp

%»esp,%ebp

$0x10, %esp

$0x0, -0x8(%ebp) //j = ©
$oxe, -ox4(%ebp) //i =0

80485dc <sort+Oxac>

-0x4 (%ebp),%eax //ra = i

Ox8042060( ,%eax,8),%edx //rd=*(u8*)(arr+ra*8)
-0x4 (%ebp) ,%eax //ra = i

$0x1,%eax //ra = ra + 1
0x804a060(,%eax,8),%eax //ra=*(u8*)(arr+ra*s8)

%al,%dl //compare((u8)ra, (u8)rd)
80485d8 <sort+0xa8> //if (<=) goto 39
-0x4(ebp),%eax [/ra =1

0x8042060(,%eax,8),%eax //ra=*(u8*)(arr+ra*s8)
%al, -0x10(%ebp) // stackl = (u8)ra
-0x4(%ebp%) ,%eax // ra = 1

Ox804a064( ,%eax,8),%eax //ra=*(arr-data+ra*8)
%eax, -oxc(%ebp) // stack2 = ra

$0x1, -0x8(%ebp)

$0x1,-0x4(%ebp) //1i =1+ 1
0x8048680,%eax //ra = *(mem) (ra = n)
$0x1,%eax //ra =ra -1
-0x4(%ebp),%eax //compare (i, ra)

8048549 <sort+0x19>
$0x0, -0x8(%ebp)
8048536 <sort+0x6>

//if (>), goto 7



g e

28z b8

080491b6 <func>:
80491b6:
80491ba:
80491bb:
80491bd:
80491be:
80491cl:
80491c4:
80491c7:
80491c9:
80491cc:
80491d3:
80491d6:
80491d8:
80491da:
80491dc:
80491df:
80491e6:
80491e9:
80491eb:
80491ed:
80491f0:
80491f3:
80491f6:
80491f9:
80491fa:
80491fd:
8049202:
8049205 :
8049207 :
804920a:
804920b:

f3
55
89
53
83
8b
3b
75
8b
8d
8b
01
8b
eb
8b
8d
8b
01
8b
8b
83
83
ff
50
ff
e8
83
o1
8b
c9
c3

of

e5

ec
45
45
13
45
14
45
de
00
2b
45
14
45
de
18
45
co
ec
75

75
b4
c4
ds8
5d

le

04
oc
10

Oc
85
08

oc
85
08

oc
o1
04
10

08
£f
10

fc

fb

00 00 00 00

00 00 00 00

i £

endbr32

push  %ebp

mov %esp,%ebp

push  %ebx

sub $0x4,%esp

mov Oxc (%ebp) ,%eax
cmp 0x10(%ebp) ,%eax
jne 80491dc <func+0x26>
mov oxc (%ebp) ,%eax
lea 0x0(,%eax,4),%edx
mov Ox8(%ebp) , %eax
add %edx, %eax

mov (%eax) ,%eax

jmp 8049207 <func+0x51>
mov oxc (%ebp) ,%eax
lea 0x0(,%eax,4),%edx
mov 0x8(%ebp) , %eax
add %edx, %eax

mov (%eax) , %ebx

mov oxc (%ebp) ,%eax
add $0x1, %eax

sub $0x4, %esp

push  ©x10(%ebp)

push  %eax

push  ©x8(%ebp)

call 80491b6 <func>
add $0x10, %esp

add %ebx, %eax

mov -0x4 (%ebp) ,%ebx
leave

ret



g e

%ebp

%e:B\g

fla®ziehls

080491b6 <func>:
80491b6:
80491ba:
80491bb:
80491bd:
80491be:
80491cl:
80491c4:
80491c7:
80491c9:
80491cc:
80491d3:
80491d6:
80491d8:
80491da:
80491dc:
80491df:
80491e6:
80491e9:
80491eb:
80491ed:
80491f0:
80491f3:
80491f6:
80491f9:
80491fa:
80491fd:
8049202:
8049205 :
8049207 :
804920a:
804920b:

f3
55
89
53
83
8b
3b
75
8b
8d
8b
01
8b
eb
8b
8d
8b
01
8b
8b
83
83
ff
50
ff
e8
83
o1
8b
c9
c3

of

e5

ec
45
45
13
45
14
45
de
00
2b
45
14
45
de
18
45
co
ec
75

75
b4
c4
ds8
5d

le

04
oc
10

Oc
85
08

oc
85
08

oc
o1
04
10

08
£f
10

fc

fb

00 00 00 00

00 00 00 00

i £

endbr32

push  %ebp

mov %esp,%ebp

push  %ebx

sub $0x4,%esp

mov oxc (%ebp) ,%eax
cmp 0x10(%ebp) , %eax
jne 80491dc <func+0x26>
mov oxc (%ebp) ,%eax
lea 0x0(,%eax,4),%edx
mov Ox8(%ebp) , %eax
add %»edx, seax

mov (%eax) ,%eax

jmp 8049207 <func+0x51>
mov oxc (%ebp) ,%eax
lea 0x0(,%eax,4),%edx
mov 0x8(%ebp) , %eax
add %»edx, %eax

mov (%eax) , %ebx

mov oxc (%ebp) ,%eax
add $0x1, %eax

sub $0x4, %esp

push  ©x10(%ebp)

push  %eax

push  ©x8(%ebp)

call 80491b6 <func>
add $0x10, %esp

add %ebx, %eax

mov -0x4 (%ebp) ,%ebx
leave

ret



= it

fla®ziehls

080491b6 <func>:
80491b6:
80491ba:
80491bb:
80491bd:
80491be:
80491cl:
80491c4:
80491c7:
80491c9:
80491cc:
80491d3:
80491d6:
80491d8:
80491da:
80491dc:
80491df:
80491e6:
80491e9:
80491eb:
80491ed:
80491f0:
80491f3:
80491f6:
80491f9:
80491fa:
80491fd:
8049202:
8049205 :
8049207 :
804920a:
804920b:

f3
55
89
53
83
8b
3b
75
8b
8d
8b
01
8b
eb
8b
8d
8b
01
8b
8b
83
83
ff
50
ff
e8
83
o1
8b
c9
c3

of

eb

ec
45
45
13
45
14
45
de
00
2b
45
14
45
de
18
45
co
ec
75

75
b4
c4
ds8
5d

le

04
oc
10

Oc
85
08

oc
85
08

oc
o1
04
10

08
£f
10

fc

fb

00 00 00 00

00 00 00 00

i £

endbr32

push  %ebp

mov %esp, %ebp

push  %ebx

sub $0x4,%esp

mov oxc (%ebp) ,%eax
cmp 0x10(%ebp) , %eax
jne 80491dc <func+0x26>
mov oxc (%ebp) ,%eax
lea 0x0(,%eax,4),%edx
mov Ox8(%ebp) , %eax
add %»edx, seax

mov (%eax) ,%eax

jmp 8049207 <func+0x51>
mov oxc (%ebp) ,%eax
lea 0x0(,%eax,4),%edx
mov 0x8(%ebp) , %eax
add %»edx, %eax

mov (%eax) , %ebx

mov oxc (%ebp) ,%eax
add $0x1, %eax

sub $0x4, %esp

push  ©x10(%ebp)

push  %eax

push  ©x8(%ebp)

call 80491b6 <func>
add $0x10, %esp

add %»ebx, %keax

mov -0x4 (%ebp) ,%ebx
leave

ret



= 0 080491b6 <func>:
Skl 1 80491b6: 3 Of le fb endbr32
2 80491ba: 55 push  %ebp
P3:0x10(%ebp) 3 80491bb: 89 e5 mov %esp,%ebp
P2 :exc(%ebp) 4 80491bd: 53 push  %ebx
%ebp | p1:exs(%ebp) 5 80491be: 83 ec 04 sub $0x4,%esp
6 80491cl: 8b 45 Oc mov Oxc(%ebp),%eax //ra = p2
7 80491c4: 3b 45 10 cmp 0x10(%ebp) ,%eax //compare(p3,p2)
8 80491c7: 75 13 ----jne 80491dc <func+0x26>//if(+#0)goto 15
. 9 80491c9: 8b 45 oc : mov Oxc(%ebp),%eax //ra = p2
%esp) 10 80491cc: 8d 14 85 00 00 00 @0 | lea  OxO(,%eax,4),%edx //rd = ra*4
11 80491d3: 8b 45 08 i mov Ox8(%ebp),%eax //ra = pl
12 80491d6: 01 do : add %edx, %eax //ra = pl+p2*4
13 80491d8: 8b 00 i mov (%eax) ,%eax //ra = *(pl+p2*4)
14 80491da: eb 2b | jmp 8049207 <func+0x51>
15 80491dc: 8b 45 Oc === mov oxc(%ebp),%eax //ra = p2
16 80491df: 8d 14 85 00 00 00 00 lea ox0(,%eax,4),%edx //rd = ra * 4
17 80491e6: 8b 45 08 mov Ox8(%ebp),%eax //ra = pl
18 80491e9: 01 do add %edx, %eax //ra = pl+p2*4
19 80491eb: 8b 18 mov (%eax) ,%ebx //rb = *(pl+p2*4)
20 8049l1ed: 8b 45 Oc mov Oxc(%ebp),%eax //ra = p2
21 80491f0: 83 co 01 add $0x1, %eax //ra = p2+1
22 80491f3: 83 ec 04 sub $0x4, %esp
23 80491f6: ff 75 10 push | ©x10(%ebp)
24 80491f9: 50 push | %eax
25 80491fa: ff 75 08 push | @x8(%ebp)
26 80491fd: e8 b4 ff ff ff call 80491b6 <func>
27 8049202: 83 c4 10 add $0x10, %esp
28 8049205: 01 d8 add %ebx, %eax
29 8049207: 8b 5d fc mov -0x4(%ebp) , %ebx
1Kt 3t 30 804920a: c9 leave

31 804920b: c3 ret



(g b

P 3 :ex10(%ebp)

p2 :0xc (%ebp)

%ebp

p1:0x8(%ebp)
%ebp
%ebx

=ikl

080491b6 <func>:
80491b6:
80491ba:
80491bb:
80491bd:
80491be:
80491cl:
80491c4:
80491c7:
80491c9:
80491cc:
80491d3:
80491d6:
80491d8:
80491da:
80491dc:
80491d-:
80491e6:
80491e9:
80491eb:
80491ed:
80491f0:
80491f3:
80491f6:
80491f9:
80491fa:
80491fd:
8049202:
8049205 :
8049207 :
804920a:
804920b:

f3
55
89
53
83
8b
3b
75
8b
8d
8b
o1
8b
eb
8b
8d
8b
o1
8b
8b
83
83
ff
50
ff
e8
83
o1
8b
c9
c3

of

eb

ec
45
45
13
45
14
45
de
00
2b
45
14
45
de
18
45
co
ec
75

75
b4
c4
ds
5d

le

04
oc
10

oc
85
08

oc
85
08

Qc
o1
04
10

08
£f
10

fc

fb

00 00 00 00

00 00 00 00

i £

endbr32
push
mov
push
sub

mov

cmp

—---jne

mov
lea
mov

%ebp

%esp, %ebp

%ebx

$0x4, %esp

Oxc(%ebp),%eax //ra = p2
0x10(%ebp) ,%eax //compare(p3,p2)
80491dc <func+0x26>//if(+#0)goto 15
Oxc(%ebp),%eax [/ra = p2
ox0(,%eax,4),%edx //rd = ra*4
Ox8(%ebp),%eax [/ra = pl

%edx, seax //ra pl+p2*4
(%eax), %eax //ra = *(pl+p2*4)
8049207 <func+0x51>
Oxc(%ebp),%eax /[/ra = p2
ox0(,%eax,4),%edx //rd = ra * 4
Ox8(%ebp),%eax [/ra = pl

%edx, seax //ra = pl+p2*4
(%eax), %ebx //rb = *(pl+p2*4)
Oxc(%ebp),%eax /[/ra = p2

$0x1, %eax //ra = p2+1
$0x4,%esp

0x10(%ebp)

%eax

0x8(%ebp)

80491b6 <func>

$0x10,%esp

%ebx, %eax

-0x4(%ebp) , %ebx



%ebp

(g b

P 3 :ex10(%ebp)

p2 :0xc (%ebp)

p1:0x8(%ebp)

%ebp

%ebx

p3

=ikl

080491b6 <func>:
80491b6:
80491ba:
80491bb:
80491bd:
80491be:
80491cl:
80491c4:
80491c7:
80491c9:
80491cc:
80491d3:
80491d6:
80491d8:
80491da:
80491dc:
80491d-:
80491e6:
80491e9:
80491eb:
80491ed:
80491f0:
80491f3:
80491f6:
80491f9:
80491fa:
80491fd:
8049202:
8049205 :
8049207 :
804920a:
804920b:

f3
55
89
53
83
8b
3b
75
8b
8d
8b
o1
8b
eb
8b
8d
8b
o1
8b
8b
83
83
ff
50
ff
e8
83
o1
8b
c9
c3

of

eb

ec
45
45
13
45
14
45
de
00
2b
45
14
45
de
18
45
co
ec
75

75
b4
c4
ds
5d

le

04
oc
10

oc
85
08

oc
85
08

Qc
o1
04
10

08
£f
10

fc

fb

00 00 00 00

00 00 00 00

i £

endbr32
push
mov
push
sub

mov

cmp

—---jne

mov
lea
mov

%ebp

%esp, %ebp

%ebx

$0x4, %esp

Oxc(%ebp),%eax //ra = p2
0x10(%ebp) ,%eax //compare(p3,p2)
80491dc <func+0x26>//if(+#0)goto 15
Oxc(%ebp),%eax [/ra = p2
ox0(,%eax,4),%edx //rd = ra*4
Ox8(%ebp),%eax [/ra = pl

%edx, seax //ra pl+p2*4
(%eax), %eax //ra = *(pl+p2*4)
8049207 <func+0x51>
Oxc(%ebp),%eax /[/ra = p2
ox0(,%eax,4),%edx //rd = ra * 4
Ox8(%ebp),%eax [/ra = pl

%edx, seax //ra = pl+p2*4
(%eax), %ebx //rb = *(pl+p2*4)
Oxc(%ebp),%eax /[/ra = p2

$0x1, %eax //ra = p2+1
$0x4,%esp

0x10(%ebp)

%eax

0x8(%ebp)

80491b6 <func>

$0x10,%esp

%ebx, %eax

-0x4(%ebp) , %ebx



%ebp

(g b

P 3 :ex10(%ebp)

p2 :0xc (%ebp)

p1:0x8(%ebp)

%ebp

%ebx

p3

p2+1

=ikl

080491b6 <func>:
80491b6:
80491ba:
80491bb:
80491bd:
80491be:
80491cl:
80491c4:
80491c7:
80491c9:
80491cc:
80491d3:
80491d6:
80491d8:
80491da:
80491dc:
80491d-:
80491e6:
80491e9:
80491eb:
80491ed:
80491f0:
80491f3:
80491f6:
80491f9:
80491fa:
80491fd:
8049202:
8049205 :
8049207 :
804920a:
804920b:

f3
55
89
53
83
8b
3b
75
8b
8d
8b
o1
8b
eb
8b
8d
8b
o1
8b
8b
83
83
ff
50
ff
e8
83
o1
8b
c9
c3

of

eb

ec
45
45
13
45
14
45
de
00
2b
45
14
45
de
18
45
co
ec
75

75
b4
c4
ds
5d

le

04
oc
10

oc
85
08

oc
85
08

Qc
o1
04
10

08
£f
10

fc

fb

00 00 00 00

00 00 00 00

i £

endbr32

push
mov
push
sub
mov
cmp
-=-==jne
mov
lea
mov

%ebp

%»esp, %ebp

%ebx

$0x4, %esp

Oxc(%ebp),%eax //ra = p2
0x10(%ebp) ,%eax //compare(p3,p2)
80491dc <func+0x26>//if(#0)goto 15
Oxc(%ebp),%eax [/ra = p2
ox0(,%eax,4),%edx //rd = ra*4

Ox8(%ebp),%eax [/ra = pl

%edx, seax //ra = pl+p2*4
(%eax), %eax //ra = *(pl+p2*4)
8049207 <func+0x51>
Oxc(%ebp),%eax /[/ra = p2

ox0(,%eax,4),%edx //rd = ra * 4
Ox8(%ebp),%eax [/ra = pl

%edx, seax //ra = pl+p2*4
(%eax), %ebx //rb = *(pl+p2*4)
Oxc(%ebp),%eax /[/ra = p2

$0x1, %eax //ra = p2+1
$0x4,%esp

0x10(%ebp)

%eax

0x8(%ebp)

80491b6 <func>

$0x10,%esp

%ebx, %eax

-0x4(%ebp) , %ebx



Skl

P 3 :ex10(%ebp)

p2 :0xc (%ebp)

%ebp

p1:0x8(%ebp)

%ebp

%ebx

p3

p2+1

pl

%es
esp

080491b6 <func>:
80491b6:
80491ba:
80491bb:
80491bd:
80491be:
80491cl:
80491c4:
80491c7:
80491¢9:
80491cc:
80491d3:
80491d6:
80491d8:
80491da:
80491dc:
80491df:
80491e6:

func(array, a, b) -

f3
55
89
53
83
8b
3b
75
8b
8d
8b
01
8b
eb
8b
8d
8b

of

eb

ec
45
45
13
45
14
45
do
00
2b
45
14
45

le

04
oc
10

oc
85
08

oc
85
08

fb

00 00 00 00

00 00 00 00

endbr32

push  %ebp

mov %»esp, %ebp

push  %ebx

sub $0x4,%esp

mov Oxc(%ebp),%eax //ra = p2

cmp
-=-==jne
mov
lea
mov

func(array, a+1, b)

0x10(%ebp) ,%eax //compare(p3,p2)
80491dc <func+0x26>//if(#0)goto 15
Oxc(%ebp),%eax /[/ra = p2
0x0(,%eax,4),%edx //rd = ra*4
Ox8(%ebp),%eax /[/ra = p1l

%edx, seax //ra pl+p2*4
(%eax), %eax //ra = *(pl+p2*4)
8049207 <func+0x51>
Oxc(%ebp),%eax /[/ra = p2
ox0(,%eax,4),%edx //rd = ra * 4
Ox8(%ebp),%eax [/ra = pl

- func(array, b, b)

=ikl

22
23
24
25
26
27
28
29
30
31

80491f3:
80491f6:
80491f9:
80491fa:
80491fd:
8049202:
8049205
8049207 :
804920a:
804920b:

83
ff
50
ff
e8
83
o1
8b
c9
c3

ec
75

75
b4
c4
ds8
5d

04
10

08
£f
10

fc

i £

sub
push
push
push
call
add
add

mov <-

leave

ret

$0x4,%esp
0x10(%ebp)

%eax

0x8(%ebp)
80491b6 <func>
$0x10,%esp
%ebx, %eax
-0x4(%ebp) , %ebx

/ /B A%
//ra = rb + func()
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