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Outline

* Operating Systems
- History
- Three Easy Pieces:
* Processes (CPU/iItEZREIL)

* Virtual Memory (R7ZE#IY)
* Files (MEEIAME /FFAL)



OS History

o FEHMIEL
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OS History

o TTENEGNARE
- BHBi+E#1, Charles Babbage (1792-1871) 9 “4O##” |
git, EFWMAITENESZSHE, VM)
- MEBERXI+EHN, Babbage- ZxitFR ALK
o F—BUITENEFITEN, 300 METE
« Zuse B Z3 i+ EH
« Howard Aiken TEMSH#EEIE T Mark |
—&8BEFI1HEH ENIAC, 3000 METE
« E4XBITAFR William Mauchley ffBAYE 4 . Presper Eckert
- ®1ERIL
o IBREMITHEITENL (EFRBL%)
- NlgiEE (FfLkR)



OS History

« FEARBFITEN (1955-1964)
- miRE + HAAIERE

- LSRR

* Motivation @R/UHBAERER, TS ANERHIT

* @EITENINITI/O (I1BM 1401 {B2IEI MFFLRHIE
t, 5NEH)

o IWE—/NRHLEE, BEFEDSRITENHRITITEES
(IBM 7094 )

s EFR Rz ARD
- X MERBVIRIER . Just Libaries
o FlANFTALIE 1/O BYESFHITEISE, $R1H API




OS History
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Figure 1-3. An early batch system. (a) Programmers bring cards to 1401. (b)
1401 reads batch of jobs onto tape. (c) Operator carries input tape to 7094. (d)
7094 does computing. (e) Operator carries output tape to 1401. (f) 1401 prints

output.




OS History

o« F=MEBEFITEN (1965-1980)
- EERMNZEERIGIT
- B=: &84 (1BM 360 £7%1)
- ZEERIEIT (multiprogramming )
* Motivation : RA[ggit CPU FIFAZ 100%
s @ARBZMELETT, 8MELS—EBHRNE
o IEMRILER /0 BY, EMEIATLUFIA CPU #1T1HR
- PNARS
o KEIEEBIIERS, EFEXFIEIREIEZFEREA
« EFAHERBIHITEIN RS => 2% (time sharing)
« FTRAFP—MEE, RE/NNBEFRRERITENL
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OS History

« F=MEBEFITEN (1965-1980)
- I2{ER%: 1% Library 2%, #BHEFEP
- System call #5= (Atlas &%t, 1962/1978

)

* 5 procedure call 893
kAl (CPU X

)

*BTRPE.

RIZSHY

=2

X A RAT TR T Ry

FAEZLAINPR, 30 Ring0~3

X5, NEARIE
e System call @IT4F7REY trap 18 fitg  (BRAiET)
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OS History

¢ E=EBEFITEN (1965-1980)
- MULTICS 2{E&R %
« —EVlFEETIXMERREKR (FoE k)
o NUURLWTE -> @BEABRSAF ->MIT, 7 80 ZMLNBEMAESRIE, H
P&/, BfEE7T 30 &
- RETRZELUHME, SFEITERS -> =it&
o ¥ UNIX RREFTEZRY (FreeBSD, Linux, iOS, Andoid ) BE AR W
- Unix
« 1969, EF DEC PDP-7 %1t
e DI/RSLIEZE, Ken Thompson, Dennis Ritchie & (1983 £ER )
e Rewritten in C in 1973, announced in 1974 ( A2 R LHESH )
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OS History

—

/rl‘\-}

REFIHBN (1980 TS

- TAITEAM
 Mac, IBM, Wintel, Linux
 IBM PC (<- MS DOS, Intel CPU)
- DOS <- Seattle Computer Products (7.5 %7t )
- MS-DOS <- DOS ( Z1f DOS & Tim Paterson)
- BEAEIRERR
- MR ->Apple->Windows
1985-1995 , Windows iz{77E MS-DOS £ (Z{l shell )
Windows 95, Windows 98 ({#H 7T K= Intel ;LR )
Windows NT (NT 5.0 -> Windows 2000, Windows XP)
Windows Server 2003, 2008 ( ARs31H )
Vista, Windows 7, Windows 10 ( ™A )
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Operating

Systems

o WAIHTE

e EERRIRE G E IR

o ENRIURTHEIERGIRIERIARSS HKininl B 1+

« BRIFRGXTEFRIEIE
- OS gli& T #is.

T RE A1
7. XHFEFmREZ

Application programs

Operating system

Processor

Main memory

/O devices

} Software

} Hardware
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Abstractions Provided by OS

Processes
__..-'/\\-...__

Virtual memory

A

Files
AL

Dok

Processor

Main memory

I/O devices
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Operating System
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Two primary purposes

* RIPEEGF RN

IIEFRYEIRTER

- NAREFXZ, EFRKFESERT, REZHER

ERBERT;

- E.g., &%l open channel SSD, MAEBCES
FTL , 81 cell &% 7000 XIEFR

. AR RISRIRMHES. SRS

Al
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Abstractions Provided by OS

Processes
A

o D
| Virtual memory i
: A :
: - N
Files
: : A :
N s ~
( Processor \} Main memory I/O devices

N
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Process: phenomenon

o U—NEFRETEMRITEN RS LA,
- BRERALGIERF IR
s XNMERFRUBCRE—IEITERZFRNIER (FREE)
- EfH:
- BT “DEERET , TR MR
- #HEWZ, =8 /10 jpniE
c HEERRE . TR mNE
- IRRAIEL AP B SLO , #1490 10MB/s
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Process: phenomenon

* NAREFEXRESEAFIEAERE. FFM 1018
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Processes

« ENX : A process is an instance of a
running program.

« HIEEEMTENRFMERAIN. ZIRiT
E/J*EEII_:\Z_

* RGPS TIEFABITERTHIZEN L FXXH
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Processes

* Running program

CPU

code

' static data

heap

Process

Program

C_ >

Disk

Loading:
Takes on-disk program
and reads it into the
address space of process



When a New Process is Created

* ARB1IT—1T1EFINTGE:
- 7£ shell R H I AT TRV ES 12 H0[a] %
- Shell ZFZEIE—TBHIE
- REEXTEFHEERN L TIXH, BITXTERITXE

Figure 1.1. Architecture of the UNIX operating system

 Application
* Shell/library
* System calls
* Kernel

* (Hardware) 24




When a New Process is Created

* NAEFBALAEMGA
- BIEFRVHIE
- ARRB1T
- AR ECHER
« SREH AR R
- EFETEER LR
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Processes

o HIRATNIEFIRMEAT N K BAVIHR
- BT
« SHEHIZREI A D RIRE A CPU /Y
- FAE B =S (]
- IHEMHIZREI S C R B ERE N AT




Processes

* AP HAEIRE R G R IRRTEDL?
- HERFRSRENT (ZES)
- HEFASFIEEMILTE, §M#ESE IR
HE =S 8]
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Logical control flows

- S MHER R SHNZEEFIR
- A EMEHEEFNRTS
* 8

:NIE

.|

Process A Process B Process C

Time
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Concurrent processes

o MPHBEFHREBIT e Concurrent: &Mt
- B EETTHNE LEES HiT, MM LATssErE s
. TN, HIESIRRERITH 7
SN, HIZEZINREHITHY . Parallel : #7023
« Examples: T8y

- Concurrent: A & B, A&C
- Sequential: B& C

Process A Process B Process C

Time

N
(=}



User view of concurrent processes

Time

FARRENEGR (B<R1T) T73ELEMRE

INEEER .
JAMM, ERPEERMIIEFITHITEY
Process A Process B Process C
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Processor g X%

© RittiE | T2
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Process Process
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Abstractions Provided by OS

Processes
e N
2 D
| Virtual memory |
: A :
: - YN
Files
: : AN :
l l /\ 4 Y
/ N

Processor Main memory I/O devices




Private address spaces

 Each process has its own private address space

n

0x08048000(32)
0Xx00400000(64)

kernel virtual memory
(code, data, heap, stack)

user stack
(created at runtime)

memory
invisible to
user code

f

1emory mapped region fc
shared libraries

1

run-time heap
(managed by malloc)

read/write segment
(.data, .bss)

read-only segment
(.init, .text, .rodata)

unused

<«—%esp (stack pointer)

1§

<—Pbrk

loaded from the
executable file
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Virtual Memory

* EFE—TRR

- BTHAREREARAIROEINER

- EEfFHuiE =S8 Bl fE:

* Program code and data (global variables)

* Heap

* Shared libraries (standard and math libraries)

* Stack (function calls)

* Kernel (operating system)

- BRI T RN B A 3E

VAR IR / BIE

(&
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Abstractions Provided by OS

Processes
___.--'A--.___

Virtual memory

A

Files
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Files

* X I/O (FAWEFME) ©
- &=— bytes B9F5,

_JL,UH EIE

N

* Unix I/

O

R IRE—TRIER
AR, BERF (B1F)

1 /0 1IKBERER—TXIF

- EA—4AEER system calls KiE. BEXH

- R4

AP NI T 1E, #RH

5 Unix 1/0O E5ehK
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Files

Root directory

-

Students Faculty
o -
4 Se.
Robbert Matty { Leo Prof.Brown Prof.Green Prof.White
Y
i' p ) //
/ /
TN 7\ 3 S 4
f Y Y \ Y
Courses Papers Grants Committees
7 / 1 \
/ / \
\ /1. P \
\ J 1\ [ 1\

Py JIN

CS101 CS105 & v 4 /SOSF’ COST-11
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OS Architecture

« BN (BR{ERERLZK, monolithic systems)

- B OS Ize— 1 R—1ERF, X, £A—1TuiEN
BRTERFEUE OS BRI

- 3

gz -> RS ( WNARSUAR )-> TAdE

- B0 Linux (RMEZAESS, B3KA, XIS DB

Main
procedure

Service
procedures

Utility
procedures 38




OS Architecture

BRINARS
- FEMGERETERRGEM EWEN
e 590 Layerl LU LR ARAXRIERERGFLAESEHE L, &2

PO
- =M THE &4t (1968 &£, &FAR/N) . MULTICS

Layer Function
5 The operator
4 User programs
3 Input/output management
2 Operator-process communication
1 Memory and drum management
0 Processor allocation and multiprogramming | 39




OS Architecture

o #MR1% (microkernels)
- RZAR/N, 38 Os X9 A/ NaiER, BITIERP S,
HEHIMBERN NSRBI RRER
- BSHRTXNAEEERSTHN realtime . ins
, {5140 Symbian, MINIX3 (12KC, 14

- 1ﬂﬁﬁ)j IL:\*DW*/(IL:\ZJE—JL1J_ :Eﬁj( Process

[ /
User programs
User< ¥

y
. . 40
Microkernel handles interrupts, processes,

EEL

scheduling, interprocess communication

X
iy
m )



OS Architecture

o BRRAHARZF

g (IMIRIERAE) . Minix 1E&)
- Tanenbaum : Linux BRZENZITEEFE/ LA
o Linux IKITZ IR RIZEBEHIFER 80x86 YA IESIZIH) K X
HEE T —kE, XS Linux BIEMERETF Minix
o BEHNEIREURTRBE AN —fxms TIKBEETITsHIN 10
PMEIR. FEZSINEREIRNZ, AZBEHERREEREK
o BERFZINGITT AN IZA N ELEAR LR EARINE IR NEEE
PMRIZAIETT
- P ABRBEEIAEE —RFER, BRI (Linus)
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OS Architecture

. BREHMAE Y S

- Windows Nt %1 Mac OS X B9 Mach R Z2HA
ZESERA, B -_ERmHREPRALEARRIZIRSIE
j‘?EHﬂF‘EI‘Eﬂ, XiES TRAZIZITIYIER (I 7148

- Linux @8 R%, BEWRET HRZEEE, KARR
Higit. A% ZIFRZEIE, UNEIESMER
ZIRIRBVEE

- SSAHEXEHTLEN
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=1L

* OS NEBRYEEHAI

- Java B,

° —> Z-FA'fq::FIZU ol Spark Flink (J:Ej:j:l.{f
_\_) ’ 1"3_11«/\57/\ ?*)-L%%J\/

- BB (VMWare)
° ﬁﬁF‘lu\*%?M%%'l' W*AIQ\FEHA'LR%

Apps running in three VMs Apps running in

—_ g%% ( D oC ke r ) (ona smgle machine)

TiHE R / FKAE

— el
[ ] IZI:I I% VM 1 VM 2 VM 3 Container 1 Container 2 Container 3
¥
= ol | =2 || =2 || || =2 || B | [
« &N
=B
‘ App B ‘ | App D ‘ | App F | Container 4 Container 5 Container 6
(w0 || [l || [
Guest OS Guest OS Guest OS
Container 7 Container 8 Container 9
Hypervisor | AP ... | | App . l | ADp - l
Host OS | Host OS |
Bare-me tal machine Bare-me tal machine




OS i

* OS 5MER
- BEBNER: F40
- BENHREHRIR: Cloud 0S

I. Developer tells 3. Docker

* Kubernetes? il - SN iy

builds image to registry
/ ( <> Container -

& &~

Fo- Image v )
Docker }— <> Image i =1

B Development machine Image registry \ Production machine

Developer

Tens or thousands of worker nodes exposed \
App descriptor as a single deployment platform 4. Developer tells 5. Docker pulls 6. Docker runs
t Docker on production image from container from
machine to run image registry image

Developer 1x

-

b

Kubernetes
master

2x
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=

Exp. Explicit Prefix | Exp. Explicit Prefix
10" | 0.001 milli 10° 1,000 | Kilo
10°® | 0.000001 micro | 108 1,000,000 | Mega
10° | 0.000000001 nano | 10° 1,000,000,000 | Giga
1072 | 0.000000000001 pico 102 1,000,000,000,000 | Tera
107" | 0.000000000000001 femto | 10" 1,000,000,000,000,000 | Peta
107'® | 0.000000000000000001 atto 10'8 1,000,000,000,000,000,000 | Exa
102" | 0.000000000000000000001 zepto | 107 1,000,000,000,000,000,000,000 | Zetta
102 | 0.000000000000000000000001 | yocto | 10%* | 1,000,000,000,000,000,000,000,000 | Yotta
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