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T AaZ— 1T RIERG

BRIERAZNUT1TENE - M EFEIRR
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-SHEB TR IRAINS, AR

APP

e —BERERG, EEN
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NAREFAMmEEE =R
(BrLEIIE). EimA (Fehk

APP

APP

REFBRI) FIEE H (FRfR

EHARSS) MR HIBTT
(easy to use)

AN RIS IRETTRD

Operating System

AR5 (device-independent)

Hardware

EESMWEFIRE
(device-specific)




R HIBE R B =

ERIERLAR (top-down view): AN FHTEFIRIER GRS AR (easy-

to-use abstractions of physical hardwares)

o IPRERALRHIEIT OTENRER) ZRENE S
o AEEITENREERER?
o WfEhtiEF A MERIRER A
o AERIFZ IR IBIT?




PRI =

BRI ER (top-down view): AN AR IR EHIEEHRIFEN S

to-use abstractions of physical hardwares)

MR (easy-

[§
[§

RBBRERG, EFaRERRRESXRESRR

PATA (IDE) hard drive connectors

Cmd Reg Writes Notes :

Cable key prevents Address |7 0
|mmo‘:?r'\?:>‘:::?glrfye 0IFC Data 16-bit azcessas i

o g Feature Two Btit accesses é

01F2 Sector Count Two 8-kit accasses g

MF3 LBA Low (3124 then 7:0) oo 8-hit acesses

01F4 LBAMicdle [39:32 then 158) Iwo 8-bit accesses é

S LBA High (474D then 23.1G) Twwo B-bit accesses

: Power cable ke Davice 8-bitaaczss only g
é m:;rl.:)sc:ggarjjne‘ y :LEEQ;:Z.)M) NF7 Command 8-tat eccess only i
Hard Disk NP s
: YELLOW(+12V) 03F€ Davica Centrol 8-bit accass only :
................................................................................................................................................................................ i



PRI HRIRIE =

ERIERLAR (top-down view): AN FHTEFIRIER GRS AR (easy-

to-use abstractions of physical hardwares)

é #include <unistd.h>

ssize_t read(int fd, void buf[.count], size_t count);

ssize_t write(int fd, const void buf[.count], size_t count);

VFREF CE A E IR RIS
RS Ax . BEANFIENEEEGHT




R HIBE R B =

TR E (bottom-up view): BEIEF1 0 B0 ITEAAVIE G RR

o BEHHEIR (CPU. NEFINIMES) 2B, 1TEVLRSF
NARREFOIASER A IVH

s RSB TREREIR

s RSB TREREIR

o RNITFZTIEFIAOIZE (sharing disks)

L XEREHER IR

1547 (sharing CPU)

SNEAd)

518 B HIIE L FIBUE (sharing memory)

o PRIFNAREFRZEANN

(protection and iso

o ERIRIYDECHIE

PN P
ation)
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1945~ 1955: EZ= &1L

o AEHRTITERIREEF

o BETYIEEZIIRIE.
A K IR E 1ERY “bugs”

« REHRIERR, EFEHIKX
T LimtT

g

I
T AT R Y

I~
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1955~ 1965: EaifNERH1t

o al— L 8 e /) FER, EINRIEAR
e ZiEl], EANRAEF

o BZHAFPREERITEN

IBM 7094



1955~ 1965: EaifNERH1t

o o RFZ (3TIL) FFATBENE S

-
-

. o —1TIE. —3KFA
_3.“‘.\\ Y v | . N \
- B . | * 1ITH M-IJE“EPI%‘I F’i'_E\', %A .Jtlie;}zl‘i1§1 1,
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13X

e ABEEEITEIRSA. FHHAP
Y eeEmzsmnRasn
| \ =l A EIREE |8 Iap RE
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Fortran



1955~ 1965: EaifNERH1t

o IBR{EZRZ (that is, operating system jobs) RIL 2 F AT K
o HEAMEZR ST (batch system)

o HIF—TESEAS, AR RNBAEITE—TMES

o« AFPRXES, AREFFESTH (non-interactive use)
o TENERZRIRIERS

o WHBEHFZIRAITEENIMER

* {55 (job). Xf¥ (file) FMRZFFIAL

=
lnm
o=l




1965~ 1980: EE L HEERATL

. SR
HREY CPU

B IR/ RIIAF

e BEFEN IO IRF

¢« BZMNERNRITIES

o ZHAFPAERMNERITENL
 AFAIAIRTEEE

o TANEES TR A, IBM System/360
A I A [

°

N
7
=

°
\qui

°
\qui
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1965~ 1980: EE L HEERATL

o ZEIERFIXIT (multiprogramming)
o B TREFENFARNTF, AEEPHITYIHR
HFE (process) B 45 LI

o —NHIEEHIT VO BFTEIAYE CPU LA B —1 TR
o DINZAZLT (time sharing)

o BEARTUAENRRER ZEIYIR, Bl DUBIE E R VIRKE(ES
I EZIE REVILAL (interactive use)

s AJAAENFZ TRAFPEMERE T ITEILAS
* X CPU MIAFRIGRIF . UM HRBIERI I8 2T
» MBEMLARERZIERITIH




1965~ 1980: EE L HEERATL

e Multics (Multiplexed Information
and Computing Service) 3

BRIERA
e 1965s: MIT, Bell Labs 1 GE 12
7 — TS
Computer Utility
o 20 iR ENE—HMARSS
Cloud Computing

* Fernando |. Corbato [K|ZHZ3 4] D
AHE . A A= "HERE—aBRITENLR P AL
o Muties HNFTRIG 1990 e TS AP IR BRS

s Y XA S
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1965~ 1980: EE L HEERATL

e 1970 ZEA Unix B9LA

e A7 Multics, Ken Thompson
%I:I Dennis Ritchie 7£ Bell labs

&1 Unix

¢ j(%lzéﬂ\'”__ C-LI:IIZI

o BE—PRBIENRIERS

o REBRERGMSHE—TTE,
HE T UARIERFAIES

e KenThompson #l Dennis Ritchie

A Unix ¥ 2ERZT] C 1BS3IK15
1983 FEE| R

Unix on PDP-11




1965~ 1980: EE L HEERATL

e Unix EESERIRMANIRIT, Hix
MEEA-A NS

17T
o BRIERGINIZIRHBENTLA,
g P T ENEBAIREHERH

E X BIINEE
e |EEE EF Unix 181t T POSIX

/.

AN

)

(Portable OS Interface for uniX) ¥n/E

o HIE T Unix REHEIRMEMN
VR APls

o MSKEBDHRIFRT (FRZESR
Unix R4 #8527 551X—1)

The UNIX Time-
Sharing System

Dennis M. Ritchie and Ken Thompson
Bell Laboratories

UNIX is a general-purpose, multi-user, interactive
operating system for the Digital Equipment Corporation
PDP-11/40 and 11/45 computers. It offers a number of
features seldom found even in larger operating systems,
including: (1) a hierarchical file system incorporating
demountable volumes; (2) compatible file, device, and
inter-process 1/0; (3) the ability to initiate asynchronous
processes; (4) system command language selectable on a
per-user basis; and (5) over 100 subsystems including a
dozen languages. This paper discusses the nature and
implementation of the file system and of the user
command interface.

Key Words and Phrases: time-sharing, operating
system, file system, command language, pDP-11

CR Categories: 4.30, 4.32
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1980~ Present: 1> A EBANAS 1
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1 -
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o KAIRS

R B S S 1R R
e BN EE—EITET]L (IBM PC A MS-DOYS)

« BEE. BIRE. AEAXRMNIKIT
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1980~ Present: 1> A EBANAS 1

= . Unix AR E RS/

MEM BB NFHMPIKRF
e Linux (1991) FOFEERE

e Linus 785 T H O A Unix iRZN,
ZARAAKR=ZEfGE T Unix V1Rt

~~ | B8, BB EERRNIEE,
o A MIMIEE SR 7 A o) i

The Story of an lAacrcjdent;x
o FFEER{&: Free to use

.‘ LINUS
TORVALDS

rrrrrr of LINUX
nd DAVID DIAMOND

SIRIE RS, SILREIMRZ AN S
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RMERGNARRE

o BRINBRIERGIELAR— T ABEBE LN T
¢ EE?&/ \éﬁ;l:zl @"Kﬁ:__ E,ﬂ,\éﬁﬁ Eig |Tosing| B 2 R iR it M B

e Frederick P.Brooks 7£ 1960s F£i5H]3M&

T IBM System/360 RFITENABRIER
SLHF & TE

» AFEITENGH. RERGNRETIRE S e
FHEERELNTIRE 199 FERE Sl

Essays on Softw

NHHNGE Gesom)

[2] Frederick P. Brooks, Jr. &

B ERREECERHMBRER[E
B RT3 FistH A=AV
8 RUEMWARTINROED

5 Z A\ RBHL I AL

sf POSTS & TELECOM PRESS
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SRIRIERS

o EMNS (ER) HEHIRE

o JEXIFRZALIEZZ (symmetric multiprocessing)

o IS AITFIAIE (non-uniform memory access)

o MBAITTEZRIMEITE (GPU/TPU/ NPU,...)
o BENIZFMTEFCIGITIMNEG

o PCIRIERSE

o BURIERS

o MARERS

o WEXNIRIERST




ZAERIEREL

0Ss for the virtual world

Campus 0S Personal 0S

City OS Social network 0S
Enterprise 0S Family 0OS

0Ss for the physical world

Robot 0S Home 0S

loT 0OS Building OS
Manufacturing 0S Vehicle 0S

0Ss for IT systems

Embedded 0S
Desktop 0S
Server 0S
Cloud 0S
Big data 0S
Internet 0S
Al 0S

Toward Ubiquitous Operating Systems: A Software-Defined Perspective. [EEE Computer, 2018
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BFRIERGFERRZNEED

— M EARERA RN IIER (NI EAEIFN SN HI=R?
o BEIBERIR (Sharing Resources)
o REMDENERE, NAREFNEE. k. BAEMER
o HERIPRAEFFRIT
o MJIBLIZR (Masking Limitations)
o XYM HITHMRNEMNERERIRIT
o BRI ARE RIEHEIRAIFRS
o IR{HARSS (Providing Services)

o ANAREFRE—FSHMIR/HERN APIs




BRIERGPHIHR

B, RNIFEES . HAUSENAIVHITAHR

fRimE RN RN ER)

o BRI AZRNE RITRAY—ME LR TAZIV (Abstraction)
« FRER: BMEFZRLXNZSTREMRIREH (Virtulization)

e NETNABREFRRHE—TZH "virtual machine"

o All alone: ZXERYIE S{EFF

o All powerful: BE TR FE IR

 All expressive: @ KHVEES]
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BRIERAZIPRIMR

o — M ESHITFEY
Thread (LB T NARER—1 CPU)

4th Gen
Intel® Core™ i7

Reality: Z 1T FFIE TTENAESF
BRE CPU ERXEMAT

25



BRIERGPHIHR

%Iz
Thread

4th Gen
Intel® Core™ i7

bk 25 (8]
Address Space

— M. ES. RROSTUEE

Jdil

2N AEER—T "TRX" BIAFESR)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Reality: Z7M

= BB

EIES

— T ERRXNRIVIERNF

26



BRIERGPHIHR

4 1E btk == 18] v | —EFANEFENER
Thread Address Space File (AR HRITHAINES)

T ENAE A
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BRIERGPHIHR

%1z ik == 8] 15 110 1% — P AEE .,
Thread Address Space File /0 Devices | =HIRIITHR

4th Gen
Intel® Core™ i7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T ENAE A
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BRIERGPRVHHZR

#%2 (Process): — N IETEIE1THIN FHIE

%1z
Thread

hiit = |5)
Address Space

NAEFEEIRITE R

110 1%
I/O Devices

T8 MEEV—“F

29



BRIERAZIPRIMR

#FE (Process): —METEETHN AERF #FE (Process): —MEEEITHR AERF
iz Htadit =5 8] X 110 %% iz Htadik == 8] X 110 i%
Thread Address Space File I/O Devices Thread Address Space File I/0 Devices
#F2 (Process): — N IETEIBTTHIR FHIZR #IE (Process): — N IETEIBTHIR FHIER
s ik =S |5] X1 110 i%& 5 3k =S |8] X4 110 i%
Thread Address Space File I/O Devices Thread Address Space File I/O Devices

.= CKMM0871786
== Warranly Void f Removed

- - L -n
- -
u ° - =
’ z
I n tel KVR3252258/8
4 12V

4th Gen
Intel® Core™ i7

T ENAE A



BRIERFTPRIIRIF

AT EUZTIEFERET (XEEEFRR), FEEER—TEFN
Bugs Bl EIT AN ETRGE RN

o (RIFMIFRLEESEIME LRI ARZE R
« AFIEFABEERSEGRE
o AFIERFABESID)IRIERAAXRIEIEL
« AFRREFNBITANNRFAFIECEFNBTTEFN

o SLURIPHIRITFHEIRITINEE (functionality). [£8E (performance)
1=l (control)

o BEERHMBEHESHAI




1FINES
BT 4FINIES (Privileged Instructions) H{RIRITE R ST E S

o EHITHFRERN, 1HRERAENE—FKIESHNIET. ®2HIE
£ CPU LiziT1i%iz="?

o IEHIFIRNCERANFET: ZPEEHZ1E1T (Limited Direct Execution)
o 5| N\ &A% (Dual-Mode Operation)
c AFERFREEZRINIESE LIBT
s ERRSHFFREPETIRRISE[ CPU AIKEI

I<

L -
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FIES

CPU MEEF b/\LX
Bk bx‘?‘zé%}iwﬁm ‘

BT 45N IES (Privileged Instructions) FA{RIERIE R ST EF ML
E-mail Music
Web reader  player
browser
1P User Mode [ d % N
J,T User interface program > Software
-

A% Kernel Mode =<
5 AN ZPRHIBVAN R AT

Operating system

/

> Hardware

—

REF IR AT IRRYIE < RBA AN (trap)

FMAZFIRE] (return-from-trap)
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|

BT 152 (Address Translation) R & ANE A P iz
¢ T?KVE/?\/JL*[“_LA
E=ER IFABREFNI T B B RESFFI

==l N | V)

CPU

32 F R CRS/ BHR AR E R — TN E

gNo

\

Exception

HH

iz 7 BN B M B RURTE RGTNZEE

S |8]
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A5

?\ L,'LJ_J

} (System Call) [a]
RAREFRREEIRERSGIOIIRZREZENZEDO (UIRIERSAAITH

ET) A R1ERGIEKARSS

» KRNI FE R

(EE AT

User Mode

AFPEFAT

Kernel Mode

J/

system call

— iR IR AR SS

(Procedure Call), BE=TIREINZS, BABERFRE

trap

PREEM AT
\ f return

MITRGEHA
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[o]Jeil Hello World
main.c X IIE!:III

#include <stdio.h>

1
2
3~ int main() {

4 printf("Hello World\n");
5 return 0,

6

7

} Output Clear

/tmp/1g0gu1dEUP.0
Hello World

=== Code Execution Successful ===



[o]]ei Hello World

BIEMER: text > binary (ﬁﬁﬁﬁ:mﬂ)
gcc hello.c

Pre-processor Compiler Assembler Linker

(cpp) (cc) (as) (1d)

Source Program Modified Source Assembly Program  Relocatable Object Executable Object
(text) Program (text) (text) Program (binary) Program (binary)

. a.out

37



[o]Jell Hello World

NE AT ER: 1A > RfE > CPU

./a.out

ELF header Kernel Virtual Memory

Program header table
Stack

v

.init section

.text section

.rodata section Memory-mapped region for
L oad shared libraries
.data section oader -
> —_— CPU | =
.bss section f -
Heap
. symtab Execute from
.debug Read/write data segment entry point
.1line
strtab Read-only code segment
Section header table Unused

Executable Object File (ELF) Address Space



[o]Jell Hello World

o gcc RIFEFM a.out HE—FHAN
o A[@Y objdump -d BE a.out NSRS
e JIE -static ZINEHEHE libc FEEZRIMES
o AU FehITHImIFRIE
e B 1d AAIEEABEER printf
o AMEIT --verbose BE gcc HEAIEE
o MRS printf f5R] LABEIE
o BHITT4T Segmentation Fault X

39



[o]Jell Hello World

o WfELFERIZ FR?
o AITHENIIESL mov / add / sub / call /... ™7
o ZB BN IER

o TBIRIFRIURFIT
o B exit () RAERAER FRIHE (BIIKER)

o BiY write () RZAHMD stdout IXFWEEE

40



[o]Jeil Hello World

NIZIRER RS IEAR RO (platform-dependent)
o RIERGINBTRSUERDE—T ID

o MYEMNAIVEZHATBENTFFeF, REHIT—FISTHKR
syscall }8S

\»

x86_64 (64-bit)

Compiled from Linux 4.14.0 headers.

NR syscall name references %rax argo (%rdi) arg1 (%rsi) arg2 (%rdx)
0 read man/ cs/ 0x00 unsigned int fd char *buf size_t count
1 write man/ cs/ 0x01 unsigned int fd const char *buf Size_t count
2 open man/ cs/ 0x02 const char int flags umode_t mode
*filename
3 close man/ cs/ 0x03 unsigned int fd - -

Linux System Call Table
https://www.chromium.org/chromium-os/developer-library/reference/linux-constants/syscalls/

41
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[o]jell Hello World

&)\ Hello World BYSEI)

.section .dat
msqg: .ASC1zZ

a

"Hello World\n" ;

.section .text

.globl start

_start:
movqg $1,
movqg $1,
movqg S$msg,
movqg $12,
syscall

movqg $60,
movqg S0,
syscall

srax
srdi
$rsi
srdx

$rax
Srdi

//
//
//
//

//
//

write system call
file descriptor
polnter to message
message length

exlt system call
return number

42



[o]]ei Hello World

int main() { app
printf (“Hello World\n”) ;

}

write (1, ”Hello World\n”, 12) { libc
EFEIRGEARASEKRERS
mov 1, rax // syscall ID
mov 1, rdi // arqgl

mov msg, rsi // argl
mov len, rdx // arg?
syscall

sys syscall: trap handler

IRIERZTNX AT —T trap table, 1§
AT A SRR ST R Z0E R IR £X

sys write() { kernel implementation

syscall table[NR write]

}

43



A5

B2 HERY POSIX 1E
e BEIEY libc 3L

Process management

Call Description
pid = fork() Create a child process identical to the parent
pid = waitpid(pid, &statloc, options) Wait for a child to terminate
S = execve(name, argv, environp) Replace a process’ core image
exit(status) Terminate process execution and return status

File management

Call Description
fd = open(file, how, ...) Open a file for reading, writing, or both
s = close(fd) Close an open file
n = read(fd, buffer, nbytes) Read data from a file into a buffer
n = write(fd, buffer, nbytes) Write data from a buffer into a file
position = Iseek(fd, offset, whence) Move the file pointer
s = stat(name, &buf) Get a file’s status information




A5

B DAIB strace FIEBIRZA IR

kuma@Surface-kuma:~/code/hello$ strace ./a.out
execve("./a.out", ["./a.out"], Ox7ffc5f215800 /* 23 vars */) = 0
brk (NULL) = 0x556duU2d57000
arch_prctl(0x3001 /* ARCH_??? */, Ox7fff99577240) = -1 EINVAL (Invalid argument)
access("/etc/ld.so.preload", R_OK) = -1 ENOENT (No such file or directory)
openat(AT_FDCWD, "/etc/ld.so.cache", O_RDONLY|O_CLOEXEC) = 3
fstat(3, {st_mode=S_IFREG|06ul, st_size=U42272, ...}) = 0O
mmap(NULL, 42272, PROT_READ, MAP_PRIVATE, 3, 0) = 0x7fe279973000
close(3) =0
openat(AT_FDCWD, "/lib/x86_64-1linux—gnu/libc.so0.6", O_RDONLY|O_CLOEXEC) = 3
read(3, "\177ELF\2\1\1\3\0\0\0\0\0\0\0\0\3\0>\0\1\0\0\0\300A\2\0\0\0\0\0"..., 832) = 832
pread6d(3, "\6\0\0\0\4\0\0\0@\0\0\0\0\0\0\0@\0\0\0\0\0\0\0@\0\O\O\O\O\O\O". .., 784, 64) = 784
pread6d(3, "\d\0\0\0\20\0\0\0\5\0\0\0GNU\0\2\0\0\300\4\0\0\0\3\0\0\0\0\0\0\0", 32, 8U48) = 32
pread6u4(3, "\d\0\0\0\24\0\0\0\3\0\0\0GNU\0O\356\276] _K*\213\2125\354Dkc\230\33\272"..., 68, 880) = 68
fstat(3, {st_mode=S_IFREG|0755, st_size=2029592, ...}) = 0

(NULL, 8192, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_ANONYMOUS, -1, 0) = 0x7fe279971000

strace works by using the ptrace system call which causes the kernel to

stop the program being traced each time it enters or exits the kernel via a
system call. The tracing program (in this case, st race) can then inspect the

state of the program by using ptrace.

https://man7.org/linux/man-pages/man2/ptrace.2.html 45
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REGTER

= =118 + RGUARK

RIERANESHE NN AERIRHE
MR RMEEKIRIE

ERFRIEIEHINRR G RIER S,
1"5/7% LTL/{EQ *Er_’lj(lu\ tEé%JJ:*Ir_

Memory,
- 6.
Reglster
syscall
AT
—FKiEQ
Memory,
o1y — Memoryl, ey,
Register Register’  HN i

FHIRIRS
(BENEY OS 12 E)
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ailiii

I T (Interrupt) EFTIREX R STAVIEHIAX

 MRAFPTERATERSGER, 2 while (1)?

o —FPITHT CPU 1IEEHITHINLH
* |/O Device (f{F@ OS #y=H): EFTHAREIURIF. SiaZElta1x
* Program (¥X{4@ OS IhE): ARG, HITHE (exceptions)
e Hardware Failure: B[R0, RNEEIEEIREF

* Timer Interrupt: BS¥PARkR, BIZRIENTETEERB]|B)[R (e.g., every
few milliseconds) i & — K
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ailiii

o SHFRTARLER, FRIEEIETRIHEREL, RIERGPRINSTEE
— TS5 E R RN IEFEF (Interrupt Handler) 81517

» TIEHAIERETHA, #ERIT— MRMERFAAXNE

Sequential

execution of
instructions Execute to
v completion

v

e
N

Interrupt Handler

Program
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ailiii

o WA BRI — MR BHAT?

« RIERAE

Table), HH

Processor Register

g E—r
TER AL

=l

]

IDT

QT3R5 2R (Interrupt Descriptor
RTE R ETANIEIE FRE U E

I » Timer |nterrupt Handler

S > DlVlde b)/ Zero Handler

128 (0x80)

For example, for x86

issue a system call
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ailiii

Case Study: x86

Interrupt/Trap Gate
31 0
Reserved 12
31 0
Offset 63..32 8
31 16 15 14 13 12 11 8 7 54 2 0
Offset 31..16 P g 0| TYPE O O O/ofo| IST |4
L
31 16 15 | 0
Segment Selector Offset 15..0 0
DPL Descriptor Privilege Level
Offset Offset to procedure entry point
P Segment Present flag

Selector Segment Selector for destination code segment
IST Interrupt Stack Table
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R
Case Study: x86
o LT ARY
o 18[0)FRTIEHIZSIRIS PR S

o EHMREIRIERGCIEZBI, HIEH{RTF Program Counter,
Stack Pointer {1 Program Status Word Zl|3E+%

o {¥F Kernel Stack ATffRAI S EFI L £ 14
* Interrupt Handler (RZFERFZF2REE
o HrRRFAMIELSREY
 MEERFFHRER

e F1T iret 15X E PC. SP F] PSW
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Case Study: x86

User-Level Process

foo () {
while(...) { .7
X = X + l;‘
Y =y - 2;
}
}
User Stack

Registers

CS:EIP

SS:ESP

ELFAGS

EAX, EBX,

Kernel

handler () {
pushad

}

Interrupt Stack
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Case Study: x86

User-Level Process Registers Kernel
fOO() { CSETP e a handler() {
while(...) { pushad

SS:ESP
x=x+ 1;, ;
Y = v - 2;% ELFAGS }
}
} EAX, EBX, | Interrupt Stack
5SS
User Stack % e ESP
’“".‘... ----------------------- ,““ “ E L FAG S
............... ' CS
ol S EIP
L

Save user context, and
change the program
counter/stack
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Case Study: x86

User-Level Process Registers
foo () { CS:EIP  fo..
while(...) {  [—— ™
SS:IESP
x=x+ 1;, :
Y = v - 2;% ELFAGS
J p
} EAX, EBX,
User Stack A
......
o

‘e
‘e
3

Kernel

handler () {

Interrupt Stack

S5

..... ESP

ELFAGS

CS

i EIP

SS

ESP

EAX

Save the rest of the
interrupted process’s
state
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BRI S T S — 1T RETE AT
e XHlf (Disable Interrupts)
o IGESREiPRT, EFRRIAFRBEBEEE®ES CPU
o it IETEF 5 N Top Half [ Bottom Half (Linux)

. Top Half (FEik B0 [RIRFEIAFRT, REOHERASER,
g SR PR R EIERES IR ENMESZAGI

e Bottom Half. A5 thf5, wEHFHLIET ERAFIFRRIES




BRoRIERST
ATk OS X1 FEFEeZIEifER), ITENEHEENIZER A
ZBBETYE
* CPU Reset [FHVIAT (FFf723ME PC) 2147
o [E¥ (Firmware) | /5 B HAMEX bl FAYE

e ROM FREEZ I ST

o VIMBILIEMH, BIBEEHNARARE

o NIERIERS (EFEIRE LAEERCENFEHZINEF)
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PROCESSOR MANAGEMENT AND INITIALIZATION

lan, 33+ x86 Family CPU

9.1.1 Processor State After Reset

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.

e TP =0x0000£££0

Paging disabled: 0
Caching disabled: 1
— Not write-through disabled: 1

Alignment check disabled: 0
Write-protect disabled: 0

e CRO=0x60000010
e CPU AMF3CART\ (real mode

o TIEFRAHIXIF]
0x00000002

31302928 1918 171615 6543210
P|C|N Al W N|, T|EM|P
alolw Reserved vl 1P Reserved ellls/mlele

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

Figure 9-1. Contents of CRO Register after Reset

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.

Table 9-1 shows processor states of IA-32 and Intel 64 processors with CPUID DisplayFamily signature of 06H at
the following events: power-up, RESET, and INIT. In a few cases, the behavior of some registers behave slightly
different across warm RESET, the variant cases are marked in Table 9-1 and described in more detail in Table 9-2.

e LEFLAGS

Table 9-1. 1A-32 and Intel 64 Processor States Following Power-up, Reset, or INIT

Register Power up Reset INIT
. 'I i~ E ] * EFLAGS! 00000002H 00000002H 00000002H
. 1 m EIP 0000FFFOH 0000FFFOH 0000FFFOH
CRO 60000010H? 60000010H? 60000010H?
CR2, CR3, CR4 00000000H 00000000H 00000000H
cs Selector = FOOOH Selector = FOOOH Selector = FOOOH
Base = FFFFOO00H Base = FFFFOO00H Base = FFFFOO00H
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
EDX 000n06xxH3? 000n06xxH3? 000n06xxH3?
EAX 04 04 04
EBX, ECX, ESI, EDI, EBP, ESP | 00000000H 00000000H 00000000H
STO through ST7° +0.0 +0.0 FINIT/FNINIT: Unchanged
9-2 Vol.3A
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BENIRE R —
ootstrap Code

BIOS (Basic Input/Output System) (446 bytes)

o WERRGFHIE

« HEE— JE—N 512 F
(Master Boot Record, MBR) bﬂi}z?ﬁﬂﬁiﬂ? Boot Signature

Ox55AA

O0x7c00 UE (2 bytes)

* CPU &bTF 16 bit =T\

Specifies the boot
sequence from the

o %WJE C S : I P _ O X 7 C O O g:: ggg: gﬁziﬁﬁ Eg]l)gg:; Drive] available devices.

4th Boot Device [PXE UNDI(Bus0O Slotl

52

(boot dewces) Partition Table
(64 bytes)

Options

* TARE 446 bytes UL, G

Floppy Drive
PXE UNDI(BusO Slot

(BIZHINE[RIZIFEF A FH e —

1! Select Item
o= Change Option
F1 General Help
F10 Save and Exit
ESC Exit

v0Z2.10 (C)Copyright 1985-2001, American Megatrends, Inc.
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UEFI (Unified Extensible Firmware Interface)

o THLE BIOS XIFEZ I/0 1%, ERGESN. BELXE
o 145317 GPT (GUID Partition Table) A ZTVARTUL
o FNEB— FAT32 XERZD

— , Sunday . > English Z
Information CPU Temperature U Voltage Elé E‘);‘ tem 1“:’”":} 5 -
ick the kcon below to apply a pr 0
- — o 1 395 V profile for improved system performance or
2k BE; Iﬁ S o - =
1T - oard Temperature i
&
J AN L 25 - = 49°C 35 c Performance
DRAM Status SATA Information
omu,m- er 81 2 SATAGG_1: ST1000LMO3S-1RK172 (1000.2G8)
DIMM, er 81 TAGG_2: N/A <
\ BEINEER R/
— S TASG_4: N/A
, LN - e
— D.O.C.P.
fim 1 |
el 1 1

I><I

Default(F5) | Save & Exit(F10) | Advanced Mode(F?)|-3] | Search onFAQ
X ~ ~
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BRERIER S
MBGNEE, RERSGHE— CIERF
o BA1ELRI LT ZZBITIEENEIT 446 bytes BUIEXFF!

(boot loader)

» FMHERESRKEE LN—" CIEFRNEEIARF, Bt CER
FIRATIAER, BRIERGAMAIMUM main FIREBIT S

N, SINEE 2K boot loader, H

o ERXEF

boot loader J]

X122k

ey s EL

IR R AR EIRTES

]
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RIERGHN—5

EE NS FRIAF#E

A

Boot Loader

hoEL Kernel EE UG RS
_ — — Yyield
CPU
CPU Resct I LY L B — 1
Firmware 0% IRE FITALIE FitfE
Boot Loader (MBR) init/systemd

In Linux
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RIERFEVIRILSTRLZ,

System call from process

Interrupt from process

Interrupt from I/O

REREL T —1F

T IERE R

Operating System

System Call
Handler

Interrupt
Handler

Boot and init

Scheduler

Pass control to process
(yield CPU)
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BRIERGIRIERT

Monolithic Kernel (75 N#%)

o IRIERGHIFRE

RIREIZBITERIXS (a single big program)

o FAHMRIRLY (e g Ioadable kernel module). SR (e.g., everything is

a file in Unix) .

7= (e.g., dual modes) FITHIAHMIERINERE

Main
procedure

Service
procedures

Utility
procedures
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BRIER GRS

Monolithlc Ke

rnel (72 N1Z)

RIEAZRBIFT B RIREPIZITEAN X (a single big program)
o FIFHRIRAY (e g Ioadable kernel module), HZR (e.g., everything is

a file in Unix) .

7= (e.g., dual modes) FITHIAHMIERINERE

Least privileged

Ring 1

Ring 0

Kernel

Most privileged
Device drivers

Device drivers

Applications

64



an O

FRVE R GTRIZR S

Microkernels (RN 1%)

o BITHEMNKSERN— T ESBEMoESHNET RS IF R

o FIRMERGZOINEERRM (HBTERFSHHZRHRSS),
B Az EREH VXN E

Application System Call

_—

Application UNIX  Device
IPC Server Driver

kernel
mode

Hardware Hardware

Monolithic Microkernel -



BRIERGIRIEST

Ml (Mechanism) 07

SHE (Policy) 0 &

o RLE “FOPTFRFTAAYITIREE vs. = ORYSEI AV

o MLl (G015 / How to): SEIPAEEINEERVIE

(1B FERNZHE)

» RIFRFARZ L EE

pr—

e CPU JAE
o TROIFEAIE

o RIS ({2 /Which): I EMURARNEE (FITER
5l A 5 |

=Y b CVAUIN

1 A< —
A

e JG

k)
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BRIERGIRIERT

Tanenbaum—Torvalds Debate [1992]

"LINUX is obsolete"

Andrew S.Tanenbaum Linus Torvalds

https://en.wikipedia.org/wiki/Tanenbaum-Torvalds debate

https://www.oreilly.com/openbook/opensources/book/appa.html
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BRIERGRIERT

Exokernel (9M%)

s RIFAZNAZEZ RN EHMRAIESTRKIEERMK: 18

IR R XS — L4557k A (e..g, database) IR B AN E & MILF

o EERIERS (LibOS): HIRIFIER ISR EM BEIME, OS
/ \J\ J\RTEEV:FF'\/)?/ \—.F{E , E/JSIZJ:_J'

| |

!

Normal Kernel
Programs communicate with Libraries or Kernel

[

SR
-
£
&
o
3
w
-~
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Multikernel (Z A#%)

« EEBEIMEZEERNR LTI FIAIEREZ (D VRET)

App App App App
D S S S— ——
. | 0S node | | OS node | | 0S node OS node | 1
Agreement [
a|gorith ms | State State State Q\SYNC messages> State :
: replica replica replica replica ||,
l l
Arch-specifici :
code & T ______ T _____ T _________________ T ______ .
Heterogeneous ® 00
cores x86 x64 ARM GPU

< Interconnect >




&4 4t

1IN

o BRERGHITEXFINE
« BRIERGHNARRE
o RIERZHIZOMLE o

o SIEMHEIRIVRMRMELL

o NNAERFRMRS

s REME—TEBITEEG LN CER
o RIERGRIZEM

o AR

o HFHIFREED B
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