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e 1EEANIEFT=ZFS] “Hello World”

Ilrnalilde ol dilo b
main () {

prant i hel 1o, WOy Loty s
#include <stdio.h> B LBIFTE
> Run 'hello.c!
1 F Debug 'hello.c' Process finished with exit code 0O

int main() {

. 6 (X Profile 'hello.c'
printf("Hello World\n");

Modify Run Configuration...
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e BRRE TITA7

printf.o “
Pre- ! .
: { Linker
processor Compiler Ass(ee::)bler ' I(Id)
(cpp) (cc) .
Source Modified Assembly Relocatable Executable
Program Source Program object object
(text) Program (text) Programs Program
(text) (binary) (binary)

HiEMTE: text — binary, Bin X4 FEME



N EERS IRYR
% ‘ School qf ﬂnw[ﬁ’gent Sofrware and fngineering

T Az

o IDERIIFAL: EEZH, B...[A70E?

Kernel memory for this

° :zélJ FP\EEE T 1+Z7 application

Loader(iNZ;z3) evomr S e L B Sl
header SERHAT SN e
HFEIATEH Mentry pointFf
HFHigEFRIT BT
(@ ol ... COd? entry point c
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o IULBAT—TTHIKE, B, geclmFmKAVEIR=ENIE?

ubuntu@primary:~/Home/0SCodeShow/second/app-view$ 1s

Makefile hello.c minimal.S

ubuntu@primary:~/Home/0SCodeShow/second/app-view$ gcc hello.c

ubuntu@primary:~/Home/0SCodeShow/second/app-view$ ls -1 a.out

—rwxr=xr-=x 1 ubuntu ubuntu 15960 Feb 28 17:19 a.out

ubuntu@primary:~/Home/0SCodeShow/second/app-view$ file a.out

a.out: ELF 64-bit LSB pie executable, x86-64, version 1 (SYSV), dynamically linked, interpreter /1ib64/1d-1inux-x86-6
4.50.2, BuildID[shal]=adaa03e6841c6109398f6dd4d1ldad268c812d7ee, for GNU/Linux 3.2.0, not stripped
[ubuntu@primary:~/Home/0SCodeShow/second/app-view$ ./a.out ]
Hello World

PA1EEB 2 a.outlIXFEI[RE T A1F157?

slem eibigien: e =l ol
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e BEEE, BABIIRK R ZE print hello word

° /L;\/A\ﬁ&? QEJEI: Uéﬁ\ﬁil L* I

o MIMRIFHIR! cpp hello.c

[ubuntu@primary:~/Home/0SCodeShow/second/app-view$ gcc hello.c
hello.c: In function ‘main’:

® #inCIUde<StdiO.h> % ‘)\j(%1—%ﬁg ! heutz: (7 '3);i::;l(\i.:gilti)mazri.]c.(ijtng()eflaration of function ‘printf

A~~~~~

|
I
hello.c:1:1: note: include ‘<stdio.h>’' or provide a declaratio
+++ |+#include <stdio.h>
1 | int main() {
s G
|

ﬂﬂUTE#InCIUde<Std|O_h> ! hellg 2:3: warning: incompatible implicit declaration of bui
| Aammnn

printf("Hello World\n");
hello.c:2:3: note: include ‘<stdio.h>’' or provide a declaratio
'[ubuntu@primary:~/Home/0SCodeShow/second/app-view$ ./a.out
| Hello World
[ubuntu@primary:~/Home/0SCodeShow/second/app-view$ 1ls -1 a.out
: —rwxr-xr-x 1 ubuntu ubuntu 15960 Feb 28 18:27 a.out
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o R1ENAssembly programs

Glac =G e o)

LA, fFZlhello.o, 1tFfJAobjdumpBEXEREETA?

odump =d hello. @

» HiniHx
1d helloio
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» XAEl ‘puts’ |, XEgecEBRMBBANN 7 XAaZ%! XE| 7 HENAYE!

e RXR, BAMFRprintf, EAEMMAILALEEER 77

> 78, W ENIELEMEBE—2E 18 =E, FTEhello world, {B)%3
A, BASEE— T EFRBIR

ld hello.o —-e main

o LAY a.out EZ4XER, AIAER

o jdump 2. oulL
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LN 1T XTI

o

lubuntu@primary:~/Home/0SCodeShow/second/app-view$ ./a.out
Segmentation fault (core dumped)

o NITA?

> EIEITRZIEE T, ENENHEREa outi XN ENEHFIRNEFEPR /T E
7, BN ZFEETRZFTIRE

> RAEIE?
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183t Segmentation Fault

» GDB! (—"1"AIAEB TR ZIFBA TEIZEFrYE KT R)
> starti FIDARSBNEIME —FEIHBAITIER

> layout asm AIUEHEMEEL

» info registers FILAEE ST {Fz
> p BEEFHEAEZ=PRE
> x BEE TR PRYE

. — B/ |\Ri
» gi %-/L/F EH:WT STFW/RTFM or ask chatgpt ({BE/Jvil\3K1iE)
fit: —1GDBHcheetsheet



https://darkdust.net/files/GDB%20Cheat%20Sheet.pdf
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183t Segmentation Fault

siele ‘=1 soiiE
Shalll

lavellE ¢ =m

info registers
P Ssp

X SsD

S1

S1

=l

0x0000000000000001 in 27 () ret 3§ spigitiEmaytbiitpopZl T

(gdb) p $rip ipL, WEPC =1, HIEHE
$2 = (void (x)()) Ox1 Htk Ox1_FRgiES
(gdb)
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Kernel memory for this

application

¢ E Linux x86-64 %éﬁt, fﬁEEEﬁ}A User Stack

0x400000H %8 (HEEL) _‘*’p
. FPHEM 2% — 1) Fia, BT ?

Runtime Heap
o« TEHBIEZS8)0ZF0x4000007 8] 272
IdiENE
> Low addresses deliberately unmap HoddniCade b
0x400000

0
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EASERIE?

o RiLftiREIZEmainBl ]

° IL:\/A\1$&?

> Emaink&EZ 7 A TR TEIA!

main () {
while (1) ;

XiEBAMASIAIT ret!
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- deterministic: mov, add, sub, call,

- non-deterministic: rdrand,

- BXERIBEZHIEERFE XK
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> 45 TTRY BPRESHL: AT

- BLIEIEMS, E/ undefined behavior

o BERINE: RGRIERS (based on x86-64)

incltde ooy Buyseald

e Lmd)

regilister el asmil e ax )
register 2 aEm =
Aoy svaag il

ar

SYS_exit;
i
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o OERhsTESR
Hello, World B3C 4R SEI

fine kilde: <svis/ siscalll th>

globd stark o I AZEIminimal.SXZx
start: b, BT TERES
CeY il e, g o (x86-64)
ol S hclelnl
Seve e

® cpp minimal.S >

SlieE s s . :
minimal.1

® 3s minimal.l -0

$SYS_exit il a -
51 S minimal.o
® ]d minimal.o
Sl
accil M\033]01:3lndello,) @8 World 033 [0m n" e ./a.out

ed:
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- RS = TR BT RS AR RS
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HATPCISMATIES HATPCISMATIES
BHPCESER . THMIMIE EHPCEEGR. BHMULIE
M.R MR’ — >

s RIXIBIRSZEM, R)

» MR[PC|BY—%4

> ENTIES, BWIE<FTEREE

> ITTEER(AIEERIEAEE, B30 rdrand)

> B EIM, R)
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« FARRIERSE syscall

/

> 1BM, RTERGRIERG, FHEEBX

« XMSHERAFNEMIRRIE

> IEE XHF/BRERGURSHIIEXFATE AM)

- R HiE (B1THRSHL) BUIRE, HIRlelZ#E/tHERE C

» BlffLtsyscall?

> 11,110 man 2 syscall BA & man 2 syscalls
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- AR = I
EFHVRSHIIREY

212 1])

IRIERSS
eS| R syscall ———trre. ammun

) 2

BRI A RIER G .
. “
HITPCIEmANIES ) IRIER GBS T syscalizfiliu=E g, REIZHFE
EHPCEHFE. EMMIEUE N ;

B x P e

\_____/ M”, R e

NFERmS, BERAAZIX—Y),
FIHRZIIT 7 —FIE<TEAN FIRE

« MXTHEZR, =S =118 + syscall, MEERLHZEEsyscallifiFEzs!

> 18RV

mQ

S HcpufiEiR XA ARIERATINER R EINS RN

7

> syscalllHIRERGERE (SR, REZBIERFLEEZEEEICpuiizF)
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. BRIESAR LRI EENTILE - (BEAREATIHE, HER
7 2] 52 4 BR )

. Hit, BXECIESSHMNIEFhE VR IRSHEE

» BEEANFEERIFRR, B2 IMRGILRINETIAT

- EEIBATRT A E — M FHICIE S RIS

il e ey el BAERTIX IRFEL LM T Javah
stmt = fetch and parse statement(); REPLAVRE 3

evaluate (stmt, environment) ;

} e

XIS
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BEeEEERF

» CIEFRPIKSHARE (BCI1EX, semantics) iy 7 T
- RS =E+% + ZRE= SERIZ? CEESMIMHS!
» IR = (NB— frame main (argc, argv); ERT=NYIRIE

T = FIT—FKEEI1ET) BT — 154G

- WATSENEREARIRRYAR %8 (frames.top.PCAL) Ry & B2 15 D)

Stack frame ~ global varaibles

- MNRERFVERINE, NERLEMEEANA—TFTEI% M (stack frame),
HiZ B X N frame.PC = FRIEB R EEIANO

- K EUR[E] = pop frame
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BEeEEERF

o ZEUE, BATERIIREL

> LRIE<FT).s

- ijILA7IECA4L91QD; iit?ffiﬁg 11_?%f4jleﬁ 15

o |

» BIESHE.C

- NE&ZE%R. 2REE; NSEBENITH

o« miF¥esBIN "FBIHFR: .s = compile(.c) BE: XBEEAE® ="

> ANERNAER T AT EARBER !
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IRIERG LR (RIFRTER)

o IRERZGIHFIEMIZEFAE L Mminimal. STt &

> BN B & syscall iR S

» BRIERGEEREFIEIELG/IGTER

> REERABRERSATTRIAIVIAIRRIER ST RIX FK(syscall)
- XMEREEFRTRREEILSFIPR

BE:MRZFEXTPLOEERE, BAIEFTUBRAEIRIESHIPRIE? -



(Tt ) TR th R IR RARINT

 AIHITMF

» S AKREAEFERANSY (a.c, README.txt) 388 AR X
- FETAFTFF. EE., EERE!
o AIHITIRVIRIE
> xxd AJ 16 B B ERER 0 THIT XX

» vscodeZIthex editorifift, PILAEIZZREE
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» standard programs for text and file manipulation

- EAMANGNU Coreutils, /NN busybox

« RR/THIER
> bash, binutils, apt, ip, ssh, vim, tmux, jdk, python, ...

» HtZMNFERER

- NEES. BREEE. X,



e % ERS TE¥
9. SRR Il

YT H#ZERFBIAIT: Trace (1EIR)

« —MREERITHE: strace

» System call trace

> SO ILPARSATAI AT I AZ

- Demo: 1ii—id &/ AT Hello World

ubuntu@primary:~/Home/0SCodeShow/second/app-view$ strace ./a.out
execve("./a.out, [Y./a.out"]l. Ox7IEfcH1326TcO /k 24 vars *x/) = 0

| m—
—
—
—

-7 write(1, "\33[01;31mHello, 0S World\33[Om\n", 28Hello, 0S World
syscalls{-\ -------- ') = 28
T exit(1) = 7

+- exited with 1 -+

o s e s u - W = A = n a4 -



e EeES TEF
) Sc f ige 0 e i [ ‘ ‘ I

AT L EAEETR “1BERHIE

» AANFBEHRESERIEADNEREZT!

- HEEMEX LEETERIEFAZXFN—TEDF, mAZEEE
%, PICARIERFUSEHZEN—Y), WEEEHE 1!

s BIERANHBERME TptraceRAFA, HEARB—T#HEXZEESI
— iz, EERBARINAENBITRNTFSS, UETEAE!

» Strace. GDBEE#lEptraceRA1EA!

> REXTARZERH, (MIEZr UL B SN IS 2R o Tes !
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o MRS
» HliTexecvellBEIAE, EBEVIERIAS

o ARSHLIAAT

» HIZEIE(-e trace=%process): fork, execve, exit,
» Y1125 B (-e trace=%file): open, close, read, write, ...
» FEEIE(-e trace=%memory): mmap, brk, ...

> JRexitEBexit grouplRi
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BRIERGIP “EIiER” N—%

e FRIAENXLEREFEZEIRIERSZ AP (syscall) FIIRIER SRR S ) iE
» KNEEBE AR syscall BIRZSHL

> NTXENEAMS, #ERAFME—THEBEREXEsyscallVfFEME, &
MBEBSF M IR S BT EIE<THICPUL = !

BMs<Z, ENAIRAR, BRIERSGTEsyscalliIfEiEzs!
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2 FBIESIRSH

RO E— T RS

> HIRIAS = REST

- 115 = HE1ZER K (NAND, NOT
AND, OR, NOR...)iTEZF172%

i R
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» FIBYAE: CPU Reset

» IR

10N

%

24

- ER@EFE—TLEEECPU

o oz Zh 32 28 51 R AR kel

MCPUBIPCEUESHIIT
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1T BV RS AR B

o NI “BRIERS XM IEFEEWRIEARE), 1TEVEERAVENER A
ZB[{IZEYE

> BHEEHTE Reset BIRES
> 7Afa 72 Reset LAIFHITHIRZR NI T4

XA, ITENREFHIRIEARN — KRB AHM
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WS IER RNE

o | BARERGIH REREFirmware

e Bare-metal 5 A E

» CPU Reset FRYVIRZ (B 1F23{EPC) - SIREEFIRSGEE

- IRIEPCIEMABBULEFES . 1FY. W17 - II7ZAEISE FERIBINERINTE

L R B e ERO(E

- BIENTFEME N B ERYEE — 2% loader
(I0ELER)

® J@iIMemory-mapped I/OJ&E 5
2FER ErIFH#EZEROM, ROMAEY
3 (Firmware, ElfF) SHAT

- EEERNBERERS (EEaERA
LR %)
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x86 Family: CPU Reset

 CPU Reset (Intel® 64 and I1A-32 Architectures
Software Developer’s Manual, Volume 3A/3B)

Following power-up, The state of control register CRO is 60000010H (see Figure 9-1). This places the processor is
in real-address mode with paging disabled.

Paging disabled: 0
Caching disabled: 1

I_‘_I oo /\ |_\_| A \ \ j< — Not write-through disabled: 1
- FERSERENDRIR —
= 1Far = H HAE HA/\ e ?CJL%ztzfzfe‘;’:z?:a‘::fead‘:'zd-°

31302928 1918 1716 15 6 543210

P|C|N Al W N[, |TE
I P O X O O O O f f f O External x87 FPU error reporting: 0

(Not used): 1

No task switch: 0

x87 FPU instructions not trapped: 0
WAIT/FWAIT instructions not trapped: 0
Real-address mode: 0

O X 6 O O O O O :I_ O Figure 9-1. Contents of CRO Register after Reset

|
=]

— CRO

The state of the flags and other registers following power-up for the Pentium 4, Pentium Pro, and Pentium proces-

sors are shown in Section 22.39, “Initial State of Pentium, Pentium Pro and Pentium 4 Processors” of the Inte/® 64
and IA-32 Architectures Software Developer’s Manual, Volume 3B.

== r<i\ H . Table 9-1 shows processor states of IA-32 and Intel 64 processors with CPUID DisplayFamily signature of 06H at
@ - - Eﬁ * % I rea I I l O e O r rea a reSS the following events: power-up, RESET, and INIT. In a few cases, the behavior of some registers behave slightly
-

L — different across warm RESET, the variant cases are marked in Table 9-1 and described in more detail in Table 9-2.

M H- \ \ Table 9-1. 1A-32 and Intel 64 Processor States Following Power-up, Reset, or INIT
mode) D ilgjt}'[,-lj 9& 7]  Regser | powerwp | Reet | wr
> IS I

. \ CS Selector = FOOOH Selector = FOOOH Selector = FOOOH
f Z I\ r \ K Base = FFFFOO00H Base = FFFFOO00OH Base = FFFFOO00H
@ Jtt Hj‘ C P U I 1 6 b It E/\J /lk ] u’\ Limit = FFFFH Limit = FFFFH Limit = FFFFH
AR = Present, R/W, Accessed AR = Present, R/W, Accessed AR = Present, R/W, Accessed

SS, DS, €S, FS, GS Selector = 0000H Selector = 0000H Selector = 0000H
Base = 00000000H Base = 00000000H Base = 00000000H
Limit = FFFFH Limit = FFFFH Limit = FFFFH
AR = Present, R/W, Accessed AR = Present, R/W, Accessed AR = Present, R/W, Accessed

_ FFLACS = 0x00000002

R [ U S
EBX, ECX, ESI, EDI, EBP, ESP 00000000H 00000000H 00000000H

® Interrupt disabled
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Hih¥ &5 Y CPU Reset

» Reset [F4MEZSEME EHELE (Reset Vector) BE)

» MIPS: Oxbfc00000

» ARM: 0x00000000 (S5FECZE Reset Vector Base Address Register)
> RISC-V: Implementation defined (43 BRAEENER)

o REMATFirmwareRIMCHS, IMNEIRIERA
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Firmwarefn;

 BIOS(Basic Input/Output System.)  UEFI(Unified Extensible Firmware Interface)

BIOS SETUP UTILITY
Boot

NS/ESLES  UEFI BIOS Utility - E2 Mode f;? -'/ ~ // /
- O . e ,
13ae2 904 7™ | &> english 7,

Sunday .'.,’ # P i /

Specifies the boot Information CPU Temperature VDDCR CPU Voltage EZ System Tuning
quuence from the xm Q::_.;“w 1.395V ::ﬁﬁhfo'fﬁ:&m‘fiﬁﬁ'\’:ﬂmxf :d
Znd Boot Device [CDROM] available devices. . m Motherboard Temperature -&?‘gsy savings.
3rd Boot Device [Floppy Drivel Memory: 16384 MB (DDRS 2400MM2)  —— E L ﬂ“";’:‘
4th Boot Device [PXE UNDI(Bus0O Slot] DRAM Status SATA Information = ‘
DIMM_AY: Apacer 8192MB 2400MHz SATAGG_1: ST1000LMO3S-TRK172 (1000.2G8)
— Up ions DIMM_B1: Apacer 3192MB 2300MH2 ::::Go:: ::: < Normal >
Hard Drive ::%‘: ) Boot Priority
CDROM ? Y Choose one and drag the ltems, | Switch all
Floppy Drive D.O.C.P.
PXE UNDI(Bus0O Slot Disabled ~ | Disabled Sacasomscon R
Disabled @ | DA § EEEE L . il ol UG e bk e O R oi
Select Screen FAN Profile CP&J FAN KINGSTON SKC2500MS8500G
Select Itenm s Frr 7 easirsuires ok
Change Option
General Help »
Save and Exit
Exit —
° w . ]
| QFan Control | 3i€ Boot Menu(F8)

LN

Defoult(FS) | Save & Exit(F10) | Advanced Mode(F?)|-3) | s?-méie%

v0Z2.10 (C)Copyright 1985-2001, American Megatrends, Inc.

SN N

o
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JhE (4

« 5K Firmware &

. ?E@Z’%"\ USB 3%1%28 £ AY Linux-to-Go 11
. USB iz Fitizes EENESTER . .. Application “"

EFl API
- XERFEFE “IKsIFEFR” 7T BETAID]
P Ialtfprm OS Loader Services
nit Load Jerminate
_ 47 R R =] Standard  Drivers and Bootfrom  Operation
ﬁﬁ1§ = UBIOS/ N Hbi?qg BE EI/\] ﬁi{q: firmware applications ordered list he?nded off

platform loaded of EFIOS to OS loader
initialization iteratively loaders

B JH: ZQI\ U E FIEHD KIE EZT_IE = El] $%_t —>» APl specified ----» Value add implementation
( I:l: ;Z[l secure bOOt%) : “E ﬁb‘H_'J‘E;Z_jr | I:I Boot Manager . EFI binaries
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> Legacy BIOS £ —1 A5 SIXBFHNE—T

TINEEEAFR 7c00 UE i : T

- A ERERALT 16-bit 183 n

MR S
440 bytes

- HAE T4 R PR -
x

» HIZE CS:IP = 0x7c00

\ N DI or disk sianature Partition Length
° %ﬁj\SﬂE‘i%F\ﬁ 446 ?jﬁ'f—bﬁg (648 63\@%% + 2B 1‘2“1?\), %EJ Codpyl-(prc?tectted

1E E-'E%U 1;2 E éé IE' éu *E}_‘%_ JIEI\ %E I:I:l Partition table (64B)
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, inering

UEFI FRVIR{ERSINEL

o FREMCRIINERIZ

> FEE IR GPT (GUID Partition Table) A& At
> FEE— FAT32 7 X (AJ AR ap 2 Isblk/fdisk EF)

> Firmware 8EBZINE{EREA/EY PE FIHITX S . ef i

- EFI B el AR /7R [E] firmware
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o FILAEECPU Reset 7 fGiNB—FIESTHIAIT?

> AMAMBE—TIT BRI RFRIIEIBIT

. = QEMU (K{E Fabrice BellardfgfER)

> QEMUETLME{’—“F%ZJ‘E, ERNREGZ CRNERIERR, BaEEN (131TQEMU
H9HE3) BRI RERX—1])

» QEMURBITE KRB 48 N FHFAndroid Virtual Device. KVM. XEN. VirtualBoxZEZ
RAeInBE .,
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CPU Reset 2 [5HYtH 5%

Bigdbiks5zs, imOtcp::1234

° QEMU[:B/D\GDB ( JDEHAECPU%EV%ﬁEE{JMBR
/

gemu-system-x806 64 gl =S5 | mbr.img

elole

target remote | ~\\\\\\\\\

e TJLANEIT gdbiEIXEE: gdbyEEqemuTF AR ST B
*

» CPU Reset 2 [GRIPCIE[@Iithit0x£££0

o] BARE #illgdb ]
A NNIRIX LE R FE

» MBREYZE—FKIBLHEINEEI0x7c00

> K| FHGDBHJwatch pointe] LA I 21 IEMBRINE E A 1FEY 2 &b
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CPU ResetZ [GHytH R

o IR MBRAENTFTEN“Hello,World!"”"TI1Z1ER], MEN TINFIREREL
FER

» ELEMBRE T2 MU fibootloader(N %k 28)

» LR, HEXIfIER, MBRE&EIIE ZZbootloadermM P~ 2iR{ER S, tbill
SFLinux=, bootloaderfEFGRUBHLE M EXEY

- e 1TGRUBEMBRES12FTTEMER, AEBMNEENBRIRIVIE
FREIANZ, HFHI1TX T _2%bootloader, &=EHXT_2kbootloader/
I EPIIRER G ANAZEIRFF
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&S89 TEAT

e 1% MBR 8152 —%ibootloader, ME—LteNERNLMIERYIRIZREZIG

> J%16-bit = 32-bitf&E

> BkEEZI ELF32/64 B9hNE;2:

- WRAOENHEREBIVINBIRIFRFTNZ  (— T 7m1ETRHVELFX )

i el s ee e e =i iaM X B E 50 o

(( St el el rhaaae enE vy )0
} else {

(( Gl Yelro e entryy i)
}

e

EEENXF am/src/x86/gemu/boot/start.S ] main.c &x/EBEEEE!XE
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BIRflF: S s/ N RIERGD

s TMEZFI DIz TEREARET 512 FTREFI (RI'1ERA 7E R, FIAEHABIOS)

s MRIEFRAAHMZE—TCRERME

» 512 FORESBIEENCRERINERNF

> )ia1t C FEFAIMITHER

> BRIERGMARIBIT S|

- . ; V8 ) V8
5 St S S
SNSRI _ il S PPN I N AT SRl < RV
Al aw 7\
5" 5" 4
Pl
e
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Bare-metal Y C {Xh3

o« EF—"TBare-metaiziT— 1 EENCRERE(IIZE ESFTA?

» Master Boot Record (MBR) _E8Y “/IEoiii#izs” (Boot Loader) Iz Ciz/=

> Bfl Tl LB JmiFesi=ml C 21T

- SR

- Freestanding (A~ F{E{I AR /HEE)

® R1FEES (gce) I 7 ik In(-fno-hosted)#E {14 B Ak Eitse (E R 42 A9 B fn 4

BRSZEMEE, FBNEZZBMAT! =8 printf, malloc... F{IEESCI{ih4{]]!


https://en.cppreference.com/w/cpp/freestanding

o HEEmHS TREYR “I
/ Engi f

o LILXMEERZNE — MM EREERRAKZ(X86, MIPS, RISC-V), £
RIRIFEF NI B NMERE LN —E, WEFEiXEEAE?

> BEEFHIR! AN IRIEFRAINZAE—TEFHRE LSS IATRRIER
71, X THMREBEEHENICIZERR 1A 0)hE 4

- WHREZBRZXFHR T, K IREERNBMERNGBZEHBERSHNR
FiEmALEITIRHEAAM(Abstract Machine), EHigitXi4r]iL: https:/
jyywiki.cn/OS/AbstractMachine/index.html

git clone htltpasr/agibthub comcNidlii=RPraoiectNrabstract ~machine .gat


https://jyywiki.cn/OS/AbstractMachine/index.html
https://jyywiki.cn/OS/AbstractMachine/index.html
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State 1

AM

TRM (Turing Machine)

/ MPE(Multi-Processor Extension) \

VME(Virtual Memory Extension)

A

execute one instruction ( AM is also a state machine)

State 2

(Instructions in a normal flow

J
3

/ /0 extension \

\

‘Instructions to handle interrupts (after an event happens)
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AT

o EBIEHIA(normal control flow):

> EIEE/D RIS EMIE< B

Branch addresses (e.g., conditional/unconditional jump, function call, return...)

CPU
~, Select new PC Instructions
PC Fetch and
Execute

+1
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AT

o FBEIEH(Exceptional Control Flow):

> NELMENIEENESR (PCREBEARZIE
BRI . 5Fbranch instrunctionsizHl)

9N RHIRB R B—RIES AT (3
5 FPC)

Event happens!: return to previous normal flow

- tean: @E/kh. FE. BEE<WN, :
CPU=ZEI R IMITE< RAL v

teal, &REXATHETRT, KRz TFCPUREE Rl = R (Interrupt Vector Table (IVT) NIRRT EFER (ISR) BFIAL,

HiEmmizAO, NREFRIPERT (FABAIISRIERST) CPUSEETEIHEIAR (Interrupt Descriptor Table (IDT))
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U BFLE

s REHFNBBETINESRITANTEK

> iR B R EIN IRV E M EARSE

> SER N BN W 28 BLA IR H 15

>

s XEHFBERIFAATE RITAMEEZIT!

» tEUIN S Ctrl+C& 1L i RE T —1TREMARRT, RERSGPRIGIERZFR 4
27X Ctrl+C, &IMECtr+CzEEHENANARER &AIESIGINTES, HMNAINFH
EFRAZIEHSFIEREHTIESR, ROECHSIGINTESERE, RBRRIEBC!

Event-driven programming!
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J:'FSU:)J}?& (Context Switch)

» SRHEABINNDORI, CPUREM“E17{RS

« FMBRINIZTE S RICPUN—LEES1FE:
HTF R 7T RITHIMNELRMIE Y 7 B EMAE

=7, BN

» XFl=L FX!

> AEINIE<ZEM L P EHEXS] (AMG—H

- PCFfzzs (CS. IP) . i85t (SP.
translation)\:l—r?? . Hitt—LEHIREFF23

> X7

L -

=
b=4

AN
X

, |HEY{ER

SS) . =

O

FHUE (RAXENMEZER. WREFEAFH, —B

KA Contextgfg{R) , KIKL

e

HK” 1)

(™
0

|ZF{¥#s. virtual address

MIF"BFERFERZIRFT (Z2F! ) , FTHEEREHRGETER, HFH/XE
RE Z BIEIHA1T!

BPATIAR, XTI =B oRmE

ZI|CPU_L,
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_t‘FSzthiﬁe (Context Switch)

X86_ Tz itk EhETA BRI AR BT /E 4 ? - —disable it (it will be stored in a queue) during interrupt handling, and enable it when handling is ending
| + User-level : |}
2 n CPU registers Kernel I | User-level . Kernel
User-level CPU registers Kernel | | process {1 OCESS CPU regqisters |
foo | € ; Shiae -; hamidllenie it | a00 { nandile () il
while (.. )‘-{--E--- st o 4 | while *
e Ll oo & : ! . o ; S oG
: J | Y : ,( i
T y_2’ | } \ : / ) y_2/
} | | 1 ',
\ , } , : Kernel Stack | 1) Kernel Stack |
{, : Kernel Stack | | § B '
 User Stack L User Stack vy | | User Stack
? u | fie ) 1 | :
<o | | Others | | €
EFLAGS
CS:EIP :
QS s oR D ‘
Before exception event After happening of an exception event Exception handling ends and the

Context! user process get scheduled

Contextzn 7 BA18 21 CPUNER! B IERIERSTRIZIL
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$1¢'EI$ %IZ

ﬁﬂ]u/ATAM_téki }RAE BRI

m L, EERGFAREEIEHIRTES BIERSHN OmainiRi$ RS S

1IE'$ EI:El < /m,

» B imainiki3K (2FCPU reset—> Bios —> MBR

—>CHMRHIIRI Z e 22 2R RYERZY)

- —RRARVIETEMTERANIE

> AT Nz BY R ER

- ﬂF]F'z'*ﬁ%fﬁFE’HE%ﬁ, = BT =S HIRYIE S /IS
M, EHFRBEILIERSEFNESA, —iR

P ECHL 2RSS
XL R IR AOIRIE R
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- BAEE TR THRERANA

o« ITENAZN—)1TAEE PN, FI3ERERY,

> LEFESMEEEERTERR<IMNAITIER

» | BECEFANIEZE Reset [GAVIT N Foiz1T Firmware, BIIEIRIER S
> BRERGIIME—1CizF!

- AT HRABRETENREHIANR, SFEFBRF /0 1258

BMELZ, EEEFRFP, RIEAFMZET C EF, RAZBEERIBOITEILEH
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MRMWA FHBRIERS
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B2 AR TARRIERI?

» T HE rM T A, BaEaZMNE

- MANME (BTRET) T & 5
LAY, (e

- WEEFNAE (BIEm[ L)

s BNIRBEEMNEREZBHRERSR, RBENEN
— BRI S

> BRIERARER T, EAERESB?

i 1'3’

5 L
- 4
»
-
-

—

EI20E SHXER -«

A"

\
L.

- ?HH§§%E§]$914 !

- BRIERFEREMZIREHL!
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rERGH—4
nn ]
1:7I<1/E/ ~ZJLHY !
@ AL ER

Bootloader initialize and Mount the initrd Mount the root _St_art the first user—leyel process:
transfer to load configures s laEd filesystem init (the .newgst version of init in
kernel memory, seaer e Attiars linux is systemd)
processors, |/O, then Unmount
and storage initrd 7.
. / yield cpu
devices, y P

sets up interrupt
handling (IRQs).

-
%

A
Meta(3Z{1) Meta(3Z{F2) ... IZ Az1%2 11*]__;
X
Meta(ittiit1) Meta(itstit2) ... 1]

2 BOZ B — T ARESA
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?" 1’E%\ El’] —4!

’k IZ1TRTER Fﬁ ):n ,ﬁﬂ Fﬁ ):n

ﬂ

o % o >

st B =
] % =
% = . 3
Meta(3Xf41) Meta(X{2) ... IE Rt o ﬂ * P Meta(Xf$1) Meta(3T142) IZ A% %2 g %- - ¥» Meta(Xf#1) Meta(X%2) --- Iz P12 g
B e X
X X =
Meta(ititit1) Meta(ihtt2) ... ial B g Meta(itbiit1) Meta(ithtit2) ... S B % Meta(itbtit1) Meta(ithitit2) ... Gao 1
3
S S//
AIREEEE M (ANdisk NFEBS REF LR tzm‘ﬁ

i FE{42

Meta AR, [LEUIXTEIEMS, BRERAREARPEIF#HIZNITER (HIFEHIR, FRG0#E HiEMRIEE. PC...)
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s BRIERARBMEIRNES
> REPRSAHBEFPEEZRTTER . Ak, A, RIEAZRIBEX

> BRIERGIEESINESTENVIBIC 2B/ T 7 1 interrupt/trap/fault

handler

> BRIERGIVINSZEDTEBRH, AFRRERNITsyscall T iERIERFUVANS. BB
TS RER (WEHHFR) TNERIERGURS
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ILEA RIS — T HRNRIEFRAR!

e BANEILEXROHZE: I~

] 1= "Talk is cheap,
> W AER ShOW Me the

code"
- RV (R1ERS AP p

inus Torvalds

,

IR R ARSI Q‘

- —/\ToyEI’\] ;E IR R

- WHRER = 4T ER Python {13 + RZERE

ANDROBUNTU.COM @ANDROBUNTU

» BRIERZ = Python REGTARAXI, B “&E” /Y 1/0 1%
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RERSG TR : API

o MU “REIEA" API

(-

» sys choose(xs) X[E xs FAY—"FEM 1IN
> sys write(s) HIHZFRTE s
> sys_spawn(fn) BIE—PABTEVIRSHL £n

> sys_sched() BENYIRENESIRSHLIANIT

« N1 R “toy”, BAIFTAROESFERD
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InB RGmIE

s BIXUMTRAER", BANAERER" AT %Rz

GolinE =0

def Tprint (name) :
gul-@loil s ol &
D@l vl e Gl sl n T
@@ in e |
(Bl leaine 02 Helle troms inamed i+ lon?)
()

def maan ()
= sscheese (5,0 d o 1)
(f'#Thread = {n}\n')
For mnane e A BSe R T el
CEprint, . name)

()
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LI R 4tE

« BE“RLVER” NIXMZEMZ WAY

gef aus Wil ie (89 nra it (8

el gye chobse (s )@ et ey .choice (xs)
gel 2ya Soawi g .append (t)

s BEMANRLEZ S

e sve sonet (g

ralise NotImplementedError ('No 1dea how')

— N FRIRIES) IR, KREISIE— 1 raise message
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LI R 4tE

o PIHRIRSHLE 70 B #RIE R GTRIRX O

> BN FHRUIRAVRSHL O IE “ER"0, EAMMBITHRRYIIR 7, BA
AN $R O] R AR ZBTT

- Nlt, BFIEE:

- HEFEFIAPASHTRVAS (RIFE, (EEBEBEARRRYIIREIRE, X
THMmMES, BITHMRBEEN)

- REZ—T “WEF IRSHBIRAT
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{&H Python BJiE= 1§

. TEPython AT A RE AL LLIET, SARE T AR EIRER AR EER /T2

« Generator objects(4 i 23)

» vield KEIEPAEEIBHITIR, REIZE next () BWARE! AR N—/R1EH
next () N2 F 21T

> BEMFEIX—R, SRZEPythonFBEIETF [yieldCHIHITIAER 7! RaHE F—/RIEH

iNRAIEFEIPS
>>> def number(a):
def number (a) : while True:
. | — 3 |
vl le e : xeld

a += 1
>>> ¢ = number(3)

el >>> next(c)
>>> next(c)




B+ 5 TiE= %
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&M Python BUIE=S il

o FRiEAILATAE” (ak.a. yield) EMMESIINFRIBAHE, ERBETEILE
(a.k.a. yield) CPUERNZ/MRRVER !

>>> def number(a):
[ while True:
del numbe velial) s e a+= 1
; | yield a
while True: i
i >>> ¢ = number(3)

a T 1 >>> next(c)

vike Ld g 4
>>> next(c)
5

o BANIEENBEEEBIRIRECPUMBHMEMINA BRI ST AIE?
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&M Python BUIE=S il

o« BATERIAERATI RANZIZER!

[>>> def number(a):

|- while True:
def number (a) : I at= 1
|- a = yield a
|-
[
[

whitle ‘lrie:
>>> ¢ = number(3)
>>> next(c)
4 NoneType?
[>>> next(c)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

. L File "<stdin>", line 3, in number

next ;T\“:Ej]f%’/\/' }ﬂz Hj’ ;ﬁ a}Aﬂ\E‘?\ él] TypeError: unsupported operand type(s) for +=: 'NoneType' and 'int'

18, afZ&l T —"1None! %/ja'ﬁﬂwﬂﬁa"

Al
a 1

vield a
(

[>>>'c = number(3)
[>>> next(c)
4

__— > c.send(5)
1E . Send 'D_ /_:E}ﬁ%%1§i$1§% ) H ij:/z\éliéij:ﬂ?i- ! : c.send ( 10)

(>>>
111l

[>>> c.send(100)
101

Send(None)fl 11T Next, MaEEZERER [>>> ¢ = number(3)
?i-, 7T_I"__|,\1§ %L:“u\ >>> c.send(None)

4

m
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HRATE A — MR L Atoy T !

» BAEMIRIERGIIA (0s-model.py)

- A1 FIB AR MIRLE I Thread k312 BT 1T

Cilhigss Ehrecads:
pelN i Preezaedti st W eads stake Y

gelt - nie decd By SIS aaEdie )
st Tune = TlUne(caldga) i
_ & RIEE IR EF eI RS
self.retval = None

det srtepiliseli);
nilProcced - with the i hread ynkal Fis. mext  Lrap

syseod e o ngen i = sisctliing T e (self.retval)

selft.retval = None
Fo bl sysicall, ondgs B1IT1ZEFREE T R&fEA

m
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KA AT —MEIE R Fitoy T |

BAEIRIERZIH (0s-model.py)

> RER2: RIFAZMYBMNZEMER 7 “SENLESE (XEEC IsyscalliIfERFEES)

o ¥ ¥ e 0 e ¥ e 1 s s 7 L o 4 e . s 1 i, 4 ™ 1 o e Y g . A 1 5 e . e e 1 e . s} s e e | e .m0 s b e 4 s Y 4 o 4 . e 1 4, S Y

fthreads = Epcrarangsyseemsbhecadifscd Toima it e~ @ e b o s e v AGYEICIE!

—_ e e e e e e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e —

‘while threads: # Any thread lives \
i e da a7

i matceh e +— threads [0l )

i case 'choose', xs: # Return a random choice

i t.retval = random.cholce (xs)

i gase !l wrime ot sagis didi Pt it e idablig ieonsole

i pEInE (xS, end="")

i Ease e DaWh LR s aegs ) s # Spawn a new thread :r ______ interrUpt/trap/faUItE’\]handler!
i threads += [OperatingSystem.Thread (fn, *args)]i

i cascelsehadbo s s teNol sdebeieminisEr o ischodn e i

i random.shuffle(threads) i

i except Stoplteration: # A thread terminates i

i thikericlcs semee 6t i

randomasthintEloichimccidsl i o we | isiehe ol () ,
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« —IEFTENRSITA (mosaic.py)

mosaic R4t iA A Linux3d [z ER
sys_spawn(fn) pthread_create BIEZEM fn FIEHITRIZFE
sys_fork() fork BIE S RPRSN A EE 5
sys_sched() RE 23 P12 BEN I &2/ B FE AT
sys_choose(xs) rand IREI— xs FRAYFEH] AT
SERES) printf [a] &1 R Ul H F T & s
sys_bread(k) read BN RE i 1 B IRk £
sys_bwrite(k, v) write o RE HUS B IRKAV S AN EY
sys_sync() Sjle 1SFr B mEMEENSTEE NER
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o JRIEF]ZRIAVTELL
> HIZ/ G R E R R
> BTHEZRARF (%1F) , #EZIR1LAMheap clone
+ (BXRZEEHRE
> SRR P FRERTEN AT RER MRS 4 FT ] (EE Q0BT (8] AR )
> WEE—dict

BN EILBNINRIERFN 7 — T EMRIER ! SARZEBEAI=EVAET




oy BEERHS TIEF M
o J School o ﬂnw[ﬁ'gent Software and Engineering ‘ ‘ I

o REBRSH(NZRVRSHIRERSGEENZ RIS, B ITIRESTS)
« NEEZ LHINARERRSS: NAREFRIERES
« HiIBERGZ LHNCIER: NEEFFRRILIERRE



: BEEMHS TIEF e ‘ ‘ I
gineering

‘@ 5 Schiool of Intelligent Software and Engineerin
\ \:q \S

. [CSAPP] 51, 7, 8%
« [OSPP] %1, 2%

e XI5 GNU Coreutils 1 GNU Binutils BIMiL, Z37 “FIAERLE ] AR <1T L
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