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Hard Disk
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RBERERDR, BEFARKEE
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CmEizfT

Cmd Reg

Notes

Cabile key prevents Address

improperty plugging
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OIFC

Data

16-bit azcessas

IDE connector

01K

Feature

Two Bbit accesses

01F2

Sector Count

Two 8-kt accasses

MF3

LBA Low (3124 then 7:0)

Two 8-bit & cesies

O1F4
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Iwo B-bit accesses

O1FS
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Two 8-bit accesses
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D1FE
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interface cable

0F7
denotes pin 1 4 BLACK(Gnd)

Command

8-bat eccess only
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Davica Centrol
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PATA (IDE) hard drive connectors
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AR S5 B0 N AR (R 5 RAY 5 R

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 =

EEEM: XTENEGFRIRET O ERNE

o BHZIR (CPU. AFNIHES) 2HRAY, S TNARERUIIA
SENANHEXEREGFEIR

o RWBTREFEIZETT (sharing CPU)
o RFZ T EFRINIAIEIZBNIELTEWE (sharing memory)
o RNITFZTIEFIAOIZE (sharing disks)

o IRIFN R =AY HiEFRIR ARG L RSTEE R

(protection and isolation)

s ERFRNDEMERAIREFVNERNR., 7BHPER. BHEHKE
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o REMNFZE: B, EULRIERA
o RIERA = BE + RS
o IRJBEM L B TNANARNIZITHREAN
o BIEEH L RAENFZREMINHEEREKN
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1955~ 1965
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1955~ 1965: EaifNERH1t

ASEERTENAS: FROEG. EESZNHME BEITE)
o IRIERGHIMLZ UGB (operating system jobs)

o ANEEZRIEEIAE ST /O FEE, KT (interrupt) HLHIHIN
o ERNERBRIVIFERS

o WEMZFRHITEENMR
o {£55 (job). X5 (file). 1%E (device) FME/ZHIN

+ EERFZFHIBAIGT (batch processing)




1965~ 1980: EE L HEERATL

BRI, ESNERRRES
. EAWNE: FINENBASARRER (2 AP ENERTEN
PR TEEE: FNRESHTARITE, EEILEE
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\»
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—

IBM System/360



1965~ 1980: EE L HEERATL

£
E

BRI, EZNSREREIES

c TEERERA > FEHREEMNAR
o ZIBFERFIRIT (multiprogramming) F13HFZE (process)
o — PHEEMIT /O BRIBARE CPU L85 — 1z
o ZEFFIEARHAREZBNTIM (RIF. H &)

o ZMEFEK D> FEZREEMLFIE

o DBYZAZ (time sharing)

o BERPICAEN FTER 2B, Bl IR r] A8 E R YIRS
(E1FHF 1S EIE RN

» WRNDE. RIFMEEFZNK

/A
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1965~ 1980: EE L HEERATL

Multics (Multiplexed Information and Computing Service) 3 B 1R{ER St
[1965 @ MIT, Bell Labs and GE]

o H1=Z2—™HRSS (cloud computing)
* Fernando J. Corbato KZHZRF1SNS Multics F9FF & FR1F 1990 ©

IR
L
b

-\.4‘;/

W

it )
"REE—aBRTENMA AN EE
ERTHRES TR RETERS
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1965~ 1980: EE L HEERATL

Ken Thompson #l Dennis Ritchie

A

E— o[ ZIERIERIER ST Unix [1970 @ Bell Labs]
=T Multics, KEiDH CiESH5E

REZRERGESH—TTE, BE TURBRIERFBIES

Unix ] C 38181983 ZF[E

Unix on PDP-11

pll

i

15



1965~ 1980: EE L HEERATL

~~

e Unix 5

55

RIERY

RIERG

QE/]— =)

g 1T REEBGRERARILIEE

IEEE EF Unix 121177 POSIX 4R/t
(Portable OS Interface for uniX)

o FIE T XK Unix RAFEIZH
MrE APls

« WSKEBDE

Unix 2 %) #3235 1X—

b (A \Z|=IE;'I§
£

— DN AIFSIERNRIE R 4R Unix [1970 @ Bell Labs]
= BRI AR TR MR T
}_‘_1 j:ITE1/\|E_|J

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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3| ><I|E
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o KHIRE
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FEARRIR

it

IBM PC 1 MS-DOS
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1980~ Present: 1> A EBANAS 1

Linux (1991) F]FFIEER{E (free to use)

e Unix BYEEARZIRITITA

— L
L

1R %,

XY E A BB X FHF M EIRF]

* Linus 485 T B 2 HY Unix Hﬁzl—‘, REEFEET Unix BiRiTEEESHE

s[RI E

REIRIFRA, REBARSDHE
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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

. EEEITEAAN. BERATRETRE S e
HEEREINTRRE 199 FRRE o

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 JEXIFRZALIEES (asymmetric 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 0OS Social network 0S
Enterprise 0OS Family 0S

0Ss for the physical world

Robot 0S Home OS

loT 0OS Building 0OS
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

— T BRARERARUNCSIZ LA ]

o EIEIR (Sharing Resources)

FABEIFRY SR,

» NAREFNER]. Y. BAEMHEER
» BRNPDEHHEE. WERIREMRID

o MFELIFR (Masking Limitations)

o XTYPEEREIFHITIMR A (LR,

iI2FiR1T

o B REIME 7 AR BRAE (G 52 RAVBR

o IRHARSS (Providing Services)

« ANHEREHE—FETS,

AT APIs

19 =
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BRIERGPHIHR

B IHZR (Abstraction) 2R E R I REY—ME LRI

o [RIEEZNEEYIELIMMT, IREES
o IXIT—ZARIIIIR (object)
o NARINRIEHABRIIERIE (operation)

2.

ELiNpEREEE
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BRIERGPRVHHZR

E L L TES
Thread

T8 MEEV—“F

24



BRIERAZIPRIMR

w572 o [
Thread Address Space MESHE T ERIFINER

T ENAE A
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BRIERGPRVHHZR

54 btk =s|8] vt | —EREFEANERENER
Thread Address Space File (AR HRITHAINES)

T8 MEEV—“F
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BRIERGPRVHHZR

5 b1k =S (8] X noigsE | —TRERE.
Thread Address Space File /0 Devices | I2HIRIITHR

T8 M@#
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BRIERGPHIHR

NAEFEEIRITE R

#F2 (Process): — N 1IEEIZITHIN FTERF

iz btk =S |8 X 110 198
Thread Address Space File I/O Devices

T ENAE A
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BRIERGPRIESIL

BT E A (Virtulization) 158 BRYIIEEDRIZ N R 21 EIAE IR
o« RAHTBIENSR, NETNAEFRMHE— Virtual Machine
* All alone: Z3JRHYIR S {8 R
o All powerful: ;BTETPRAVEE IR
o All expressive: 5 58 KHIEE /]
o EEMAMKRINIRIL 2 AR "IRET" xR

29



BRIERFPRIEIE

App | App 2
#FZE (Process): — M EEETHIMNABER 32 (Process): — M EEBITHIMNAER
%Iz ik =S 8] X1 110 i8& %1z Hhik =S (8] X1 110 8 &
Thread Address Space File I/O Devices Thread Address Space File I/O Devices
A App 4
#2 (Process): — M EZEIETHIRIFTERF PP 3 #2 (Process): — M EZEIETHIRIFTZR PP
%1z |2 ] X% 110 iR& %1z |2 ] X1 110 i%&
Thread Address Space File I/O Devices Thread Address Space File I/O Devices

- i e =
. ° , T = -
l n tel S nrasasee
- Z 12V
1 = (XMMO8TITSS
N 58 = W 0 If Remaved

4th Gen
Intel® Core™ i7

ZPMITRIIEBIRED CPU LT T8 WWF
ZP i R EE—TERANNIIERF
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BRIERGPRIRIF

BRI (Protection) FHLEYEEREZ B/ FRIHE -

}

!

E

RSB HRE)

o SCHIREIACRIDNARERK

7

T R HIR 2 (BT

18

AP REFNBIT AN RERAIEERERFNIEI T2
IFREFAERTERIES (
I FREFAERENEEREFIRIFARAZTNZIETE
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BRIERGPRVRIF

X4 CPU HUfRIF 6 XD

User Mode

ESZRIESETHT 3

2

Kernel Mode

AT SRR E %/;L,
BEEFHEXAITINIES

¥

\ 7

N—

& (User Mode) FIAZE (Kernel Mode)

E-mail Music
Web reader  player

browser ; /

User interface program

Operating system

)\

> Software

> Hardware

—

REF IR (RITIRRITE < SRKPANAZ (trap)

FMMR#Z ARG (return-from-trap)
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BRIERGPRIRIF

XD A FHIRF @4 WEER AL (Virtual Address) R4 Bk
(Physical Address) BY4E1%

CPU

gNo

\

Exception



el FBtE R iR AR AR SS

T‘ZE J;I*EE}_‘_XBE\_/?E,jl
EFIEERSS

main.c

#include <stdio.h>

- int main() {

return 0;

}

1
2
3
4 printf("Hello World\n");
5
6
7

, RIERFFTEBIHENZ

Output

/tmp/1g0gu1dEUP.0
Hello World

=== Code Execution Successful ===

Clear

34



[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

35



[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 -
> s 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

gcc TRIELE K a.out BIEZAS
e A[JEY objdump -d BF a.out MWL HY
o L -static gFSHERE libc AR SR

A DA F izl gmiEini i
o FAME gcc -E hello.c > hello.i
o YIRS HMAI gcc -S hello.i -o hello.s
o LB NEMMXIHF gcc -c hello.c -o hello.o
¢ JB{T 1d hello.o H{THHE
o TH— error, ¥AE puts (FEIEEATERE printf)
o MHIBR printf FRIDAREHE, {BHIT™4 T Segmentation Fault X

37



[o]Jeil Hello World

Disassembly of section .text:

0000000000401000 <main>:

401000 f3 0f le fa endbro4
401004 : 55 push  %rbp
401005 : 48 89 e5 mov %rsp,%rbp
401008 . b8 00 00 00 00 mov $0x0,%eax
40100d: 5d pop %rbp
40100e: c3 ret
AENEERIE FR?
o ERFRAEITEIEL AT (mov/add/ push/call/ ret )

o WIEBIRERIIMNR (BNRIER L) BOFEES



A5

% L,'L”

DL\

J'j*EF%_/ \ B

} (System Call) [a]

ET) AR 1E R GIEKARSS

o BRE (F2F

User Mode

Kernel Mode

J/

ﬁ

— iR IR AR SS

BT RIFAZIMINRENIRD (BARIFARZFTAITRY

3 5RS) NEERINR G IHRIERS

IIHHHHHHHHIII
/freturn—from—trap

trap

\




A5

AZUARERO (SEFFaHEX)
s RIFRZNEBTRFERDE—1ID

. RUEMS B SRS ENSERT, ARG —RIHIES
(syscall in x86-64)

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/

40
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f%/]\ Hello World B3£I

.section .data
msg: .asciz "Hello World\n" ;

.section .text
.globl start

_start:
movqg S1, Srax // write system call
movqg $1, Srdi // file descriptor
movqg $msg, %rsi // pointer to message
movqg $12, S$rdx // message length
syscall
movqg $60, $%$rax // exit system call
movqg $0, Srdi // return number

syscall

41



f%/]\ Hello World B3£I

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

}

write (1, ”Hello World\n”, 12) { libc
AFPEFREIRSFEASEKRS
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]

}

42



A5

FIFZ1ERY POSIX 20 (BRI libc 3LI)

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, argy, 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
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A5

AIBAIBIT strace FEREREITEHREFRTAENAR SRR

kuma@Surface-kuma:~/code/hello$ strace ./a.out
execve("./a.out", ["./a.out"], Ox7ffc5f215800 /* 23 vars */) = 0
brk(NULL) = 0x556d42d57000
arch_prctl(0x3001 /* ARCH_??? x/, Ox7+ff99577240) = -1 EINVAL (Invalid argument)
access("/etc/1ld.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|0644, st_size=42272, ...}) =0
mmap(NULL, 42272, PROT_READ, MAP_PRIVATE, 3, 0) = 0x7fe279973000
close(3) =0
openat(AT_FDCWD, "/1ib/x86_6u4-1inux—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\0E\0\0\0\0\0\0\0E\O\O\0O\0O\O\O\O@\O\O\O\O\O\O\O" ..., 784, 64) = 784
preadéed(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, 8u8) = 32
pread6ed(3, "\d\0\0\0\24\0\0\0\3\0\0\0GNU\06\356\276] _K*\213\212S5\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 TENSEMFEFIAT ptrace () RSGHAH, HeEFIRIERSTAZ
EMOERIER =/ A AR D AN EEREFIEIT, MMelAEBFFTEH
B BRI R RYIAS (B CPU F1F23HIME)

https://man7.org/linux/man-pages/man2/ptrace.2.html 24
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RIERGT LRIIERF

= =118 + RGUARK

IRERGRVESMENNHZFRE
MR RN EHBXERIE (API)

ERFRIEIEHINRR G RIER S,
;I:mﬂEz% LTL/{EQX$EE}_‘_’|kIL:\ tr‘i%ﬂ:ﬁf%_

Memory,

N 6.
Reglster

SYSCV \

AT

—&KBL
Memory, Memor
o y Ag : yll .. /-N
Register Register’ | 7

FHIRIRS
(BENEY OS 12 E)
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