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Operating Systems: Three Easy Pieces (OSTEP), by Remzi and Andrea,
available for free online: https://pages.cs.wisc.edu/~remzi/OSTEP

Operatmg Systems

Three Easy PJeces 2%

‘ Remzu H. Arpael -Dusseal -
| Andrea C. Arpacn-Dusseaq


https://pages.cs.wisc.edu/~remzi/OSTEP
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* Operating Systems, Principles « M{i2{ERZE BB ° Operating System Concepts

and Practice (OSPP), 2nd eSS ER (OSC), 10th edition, by by
edition, by Anderson and ’ Abraham Silberschatz, Peter
Dahlin B. Galvin, Greg Gagne

Operating
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SECOND EDITION

Operating
System
Concepts
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 Computer Systems: A
Programmer's Perspective
(CSAPP), 3rd edition, by
Bryant and O’Hallaron

THIRD EDITION

COMPUTER SYSTEMS

A PROGRAMMER’S PERSPECTIVE

BRYANT ¢ O'HALLARON

e
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 Advanced Programming  XV06, a simple

In the UNIX Environment,
3rd edition, by Stevens

and Rago

\d\'zm(- (!
Amming

l)

h UNIA

Ihird Edition

W. Richard

" ‘\'l]'()]]m(‘lll

alevens

Unix-like teaching
operating system

xv6

a simple, Unix-like teaching operating system

Russ Cox
Frans Kaashoek
Robert Morris

xv6-book@pdos.csail. mit.edu

Draft as of September 4, 2018

SAHIS ONLLNAWOD TYNOISSTHO¥d ATISIM-NOSIAAY @

G

Read The Friendly Manual

TFM) ...

Linux manpages (tldr,
man...)

Bash
GCC
Strace
GDB
Make

Binutils (Id, as,
objdump...)
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» RREXL (REERE—TCBEXERE, RKES5001T7EAR), FIHZRZapi
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- HRZH (40%)
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Online Judge

o RNIRIZHILIOMMIRIEZFUbuntu, E<1THITA Fap 2515 ESLIQEZSE
WIEEATTF
o BAIS NI RIZENRIFERR T HE—BMEE, FUREGNLAZZIRNFES
@smail.nju.edu.cn W58, B=RKEVIEEXREIZ., ECELF Makefile FHY
TOKEN MET =[5, EMHENLIEHZP (MASMEEREBR) FHRITUT

M TEhIERT
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JRTE
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12{E(Operating) Z%i(System)

$ command

J;___

network

operating
system

. ﬁ
browser- graphics card

A~ 2000

Operating System

Switchboard Operator

Computer Operators
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PARASYMPATHETIC NERVES

T

Constrict Pupils @/\

Stimulate Salvia

Constrict Airways

o
Slow Heartbeat ‘

'@’;"3

Stimulate Activity
of Stomach

Inhibit Release of -
glucose “
Stimulate Gallbladder

Stimulate Activity of
Intestines

Contract Bladder

Promote Erection
of Genitals

SYMPATHETIC NERVES

—
ety Dilate Pupils

Inhibit Salivation

Relax Airways

/ Spinal Cord
_— Sympathetic “
Chain o ! Increase Heartbeat

Inhibit Activity of
Stomach

Inhibit Activity of
Intestines

- ~ Secrete

L -~ ¢\ _ Secret
_——— ‘ Epinephrine and
. norepinephrine

Relax Bladder

Promote Ejaculation and
Vaginal Contractions
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« RE—TH—HEX

> A body of software, in fact, that is responsible for making it easy to run programs,

allowing programs to share memory, enabling programs to interact with devices, and
other fun stuff like that. (OSTEP)

> An operating system is the layer of software that manages a computer’s resources for
its users and their applications.(OSPP)

> A program that acts as an intermediary between a user of a computer and the
computer hardware. (OSC)

> |t is the software that runs in kernel mode. (MOS, by tanenbaum)
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system libs

B E(process): BITHISEF, (BENRZPETEHRIERS

thiik 25 8] (Address Spaces) X {4 (Files)

B (hardware)
| b F2 23 (Processor)

%

5

\\ ??T‘éﬁ%éﬁ |

R{F(Memory)
‘ v

App memory
App memory

£ (ISA) — : -
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#*E(process): 1ZTTRISE(E, {BEENRZRTFIRIERS

thiik 25 8] (Address Spaces) X {4 (Files)

S IRAVIE S ER(ISA)

EFNUE"MERIFAZREANHEXITHR, STEFBITEEHCHHEREL, #ERMHE 7 ERIGEEIFEMNNTENE
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system libs system libs

HiE1
P strstkasiEy & o - =iE] & S — -
I
: RIERSE
—— TS IRAIIESE(SA) — : — —
BfEhardware) ~  eemeeee—— T T T T T T oo oo w

A {E(Memory)
B 4bIEEE (Processor) -
App memory

App memory
App memory

-

{ZfiE23(storage) .
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App memory

gie | iutzE X | RAME | | BT

{ZfiE23(storage)
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App memory

{ZfiE23(storage)
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RERGRHERLRS, RIEFRFIEECHNEREFRRS

Segmentation fault (core dumped)

LhIE

system libs

system libs

iz btz X | S/ BT

T&{4(hardware)
B 40 2E(Processor)
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Latency numbers every programmer should know

RERARATEINESIMEERF BB, UARINAEEFIEEERN

1ns Main memory reference: Send 2,000 bytes Read 1,000,000 bytes
] 100ns over commodity network: sequentially from SSD: 77us
88ns

L1 cache reference: 1ns
o lus Disk seek: 2ms
SSD random read: 1l6us
Branch mispredict: 3ns B
EEE Read 1,000,000 bytes

Compress 1KB wth Snappy: Read 1,000,000 bytes sequentially from disk: 1ms
L2 cache reference: 4ns PAVES sequentially from memory:
EEEN 4us

| Packet roundtrip

Mutex lock/unlock: 16ns CA to Netherlands: 150ms
EEEEEEEEHEERE Round trip
EEEEENI 10us = in same datacenter: 500us
100ns =
EEEEEEEEERNR
EEEEEEEEERN
EEEEEEEEERNR
EEEEEEEEERN
EEEEEEEEER
EEEEEEEEEN Ims =
EEEEEEEEER |
EEEEEEEEERN
EEEEEEEEERNR
EEEEEEEEERN

# [github.com/chubin/late.nz] [MIT License]
# Console port of "Jeff Dean's latency numbers”
# from [github.com/colin-scott/interactive latencies]
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. *;T%{/E/?\é}tb Eléé ;ké E _ﬁ\-ﬁyg Jt:%yg E/Z.I-_l: E/\] Eﬂ1¢/¥\é}tbz_ T ANNIVERSARY EDITION WITH FOUR NEW CHAPTERS

» (ABMIE) IXARBE[]I14E T Frederick P. Brooks S & 1BM
System/360#&{E R AV E T

- ARERARGHMETIECHREE!

ONIE3IANIONGD JAVMLIOS ND SAVSES

> Mal=, BHREFRAEEAZ—TETABEBELRN T

« SR, BRERFELAZR—HBEMXALAEXR, . - » MYTHICAL
MAN-MONTH
> -11_%*&65314:&@ — Eg%ﬂg’ﬂ%*ﬂ API FREDERICK P, BEROOKS, JR.

- BEZIINA APl - HEHBH LR
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 The first generation (1945-55) EE &R
 The second generation (1955-65) RN E ML IE R ST

 The third generation (1965-1980) ££ 5} BB IS A Z 1B AN EFEF

 The fourth generation (1980-present) ™ AT ENET{

e The fifth generation (1990-present) #2&11TENLET{
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1945s-1955s EFE &0

o GEATEREMITETL: Z3, Colossus (&IA&E <Z—: Alan Turing)
s XBBRERSG, BITHREFE—ERENITE: ITEFERE. KK, 1TEHE...

- —MEFROETIE I SR

+ RIERYIRLIEEE (hard-wire) , DARFEMREIER bug”

Photo # NH 96566-KN (Color) First Computer “Bug”, 1947

/4
D & O Atan J(azv{‘&j §/~1/c 7.032 vy 5~-'
1000 0 S o homn 9.087 ¥YC 98 <covuh
: 2 000
13w, (035 MP M L5, ed) 7015 5250 155(-2)
033 Pko » 2. l30yr26YyiS
Cans b 2.13067¢s

Luoja -2 ~ 033 ./D.JJ ,r;w./ &r.ug /vJ

row 4t
\l*"/&?\ e A
1 /&2 Jlarted C sta e lapfvx(Sln\. ‘\cxl)

Sac | { (e \w 20 Q)mg F
- \M)Ik)lv\ e \u\

}-\v,Y J\x‘\"nu\ SXNAks
8500 Qudampd sbade. o { 5

l)./v) .o).i i)(-n»\ -
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1945s-1955s HZ= &Rt

o £1950sEHl, A1B2FT=292T7HEEZE, FR{ERFILERRERE, £H
MB9AE A e B EIET 1801 FERIZH R

.....
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-------------
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B /R IAFRHL: BT E B IRIR L a T

An IBM 026 commercial card code O g

—

IBM 026 PriQh;cing Card Punch

. BREMLTEEST...
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1955s-1965s sn{fERT{

» INENEIMESRATIIIITEEN. ERMENMFIFERYELE] ]
o WLiCMEFTA TR BAISEIE RHIAZ
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;uuc A S
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Drum memory from Sweden's first binary computer

RIAENEH m The IBM 7094 at Columbia University

ATk
Jdiy
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1950s HIFEF

- BERIBRANIEITE

> BIE=F API A (Fortran, 1957): —1TXh3,
—skK A
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1950s HIFEF

s HEFEAITTENRIASR SRS

> Fortran B2 “EBIFR”, BANMZF. LM, E=F.....X1TENHFE
eI

» BERFMIZF ZETIEFTENME

- BEHARLEERELH /0 8E, TERZEHBIEE X
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1955s5-1965s HIR{ER G-It IB R SR

. SRR (1T7L). BERHEEEREn

» ITEHIEE = ($50,000-$1,000,000), RAEXKONE (EEuiKZF) AHE

Mt

» BARN—MRSS: SHEPEARAXZEITE, operator fEII,

o IRERZIHIML S FFIEH.E (3R1E{ES R4t —Operating System Job)

> RHtEERER, — TSR AERINTR F—11ERF

- 57 —EBRENER

> Disk Operating Systems (DOS)

- BERFRFHALI 988", X, R ZXRA AP
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1965s-1980 £ i BB IS A1

« SRR, D&M

> BIRHVAMIEZS

> BIR, BEXRBIARF; EF
fig hin

- AR HA S RF
TR R T

IBM system/360

» BEFEENI/018%; =EWN
R/ S E AL
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1965s-1980 B {4

EZNHPES T RIFE LI

S PACEWAR! iionorep as

AIAS’ PIONEER AWARD RECIPIENTS

» COBOL (1960), APL (1962), BASIC
(1965)

» Bill Gates ] Paul Allen 7£ 1975 &
SCHI T Altair 8800 1Y BASIC &

FF R 7EPDP-1_EBY—E0 4%

BEEF [k
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1965s-1980 R4l 1’E,%

« NBFLERERZIERATI, RIEFAZEAMGHZRR @hixE) L APHERNE
PR oK

> BT HFE (process) HIHEE S

- BIRAERHIIENAT VO B, ATLME CPUILAB— N (SERRFgit

Multiprogramming or multitasking)

- SN (B[R E IR Z 8] Y%

- BEFEE—TIEF L bugfhScrashB RS

> IRIERSGIFBAMIBINATIZEEIE API
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1965s-1980 BUIR{ER S

» NeBENMLZBISRE [

- RAPFBCPUBRZREMABEE, AMMERHRMT
ST, BABE KIS LR

> BEAPIAERRR ZETIHR, Tl 17l PAE R P)HR

- je_
- EE'\m\

Z I {ESoverneadi@in T, 1BEGHEiL
HF 528 (RAY M v

- A5 ENE IS AP R EEENERTEN (5 \ e
R AT

H6180 Multics at Honeywell CISL

N
Il

|

> Multics (MIT, 1965): I B (Time-Sharing)iRE R 4;
BEAE
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« UnixBEBSERRNUAIIRIT, HIE
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19701% Unixiit4

EFMultics, Ken Thompson F1Dennis
Ritchie’s ZEAT&T 5 T Unix OS [1970]

» REBDETCIES

o« ALK UNixZIERIEMF 5

A
]
Bl
n

- m. ‘-:'., | -_ ; .
Ken Thompson (sitting) and DeRitchie
(standing) running Unix on a PDP-11

» BRIFRZINMZRER RN TR

- ST TERAMZEEERIVEZRFERILIEE

Ken Thompson and Dennis Ritchie,
principal developers of AT&T Unix

[1973]
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Unix

.« RZIE 1’E%\,}b1‘ﬂ%73%§2ﬁ weE, BE T

MVS (QO’S) MuI'Eics (60’s)
BRIFRGHITLS, “e ..
MS/DOS (70's) VMS (70's) UN ’>Z (70'5) _
. EFUnix, XERSEMRERZHTFLL | // \\\~
| VMware

Windqws (80's) / BSD UNIX (80’s) Mach (80’s)

> System V, BSD (Berkeley Software | T~
Distribution), Minix, Linux, Mach, ... ‘ b g [T~ <
Windows Windows Free Linux NEXT MacOS

 |[EEE EFUnixH & 1 POSIX 1/ MobiIeNT/(90’s) BSD (90’s - pres \/

- Andr0|d MacOS X
o HIITE TUnixsE ARSI EEIRIEN ARG

Windows 8 (2012) |OS

° *BTJ:;ZD/\j(“B/\ ”“'ﬂz%/}b ( /\u:UHIXx ''''' Influence
?\/}b) %BS'ZT—IIX_*/]T/& Descendant
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1980s-Present ™ A B iRt

o RNHIREERLEEEE(Large Scale Integration) S E & E

> BEZMRE, B/, HEEEE

- PMABRME, 1TEN XM TR
« 19745 Intel 8080 (8-bit cpu) i, {FFCISCIESEEMMRIT (JEFI1BM/360)

> IntelitKildall’E T Disk-based Operating System (DOS) CP/M (Control Program
for Microcomputers)

> Z

5Tim PatersonfE1980FEF T 21 aY86-DOS, [GHHENILN, HMEZIMS-DOS

p -
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1980-2Z% ™ A B ANAT{C

« 1960 Doug Engelbart &8 7T EBIF. AP R E, FIEMIATE 7 Xerox PARCH
HNHLEIHLZE £

S\ U
Apple got the idea for the graphical user interface from
Xerox. Later, when Steve Jobs accused Bill Gates of
stealing from Apple, Gates calmly said, "Well, Steve,
I think there's more than one way of looking at it. I
think it's more like we both had this rich neighbor

named Xerox and I broke into his house to steal the
TV set and found out that you had already stolen it."
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MNSHIBRIERSE

EINE R SRR
> EXNBEERAIILBIEZFINANEF

- JEXFFRZAMEZE (ARM big.LITTLE; Intel P/E-cores)
Non-uniform Memory Access (NUMA)

B Z 9B & Intel-VT/AMD-V, TrustZone...
- BEZAIRFIER

SSD. GPU. FPGA...
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Tt Ay a4
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ATRATEARAR A R Bt w18

Cortex A57/A53 MPCore blg LITTLE CPU chlp

Uniform Non-Uniform
Memory Access Memory Access

Local Access Remote Access

10010 10010 10010 100
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