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MS-DOS

Developed for IBM PCs
in 1981

Uses command-line
interface

Use is diminishing

" . % 5y
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First to use
. graphical

g user interface|
in 1984

Easiest
operating

- system for
beginners
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Windows 3.X

¢ Includes Windows

3.0,3.1,3.11, and
Windows for
Workgroups 3.1

T

- -

M o A P ‘H
System used in PDAs or palmtops

Runs simplified versions of Windows programs

» Data can be transferred to PCs

|+ Includes handwriting and speech recognition

9 My
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x Not a true | Lo - i — — I T I T —
operating system | b L Windows 95 + Windows 98
: e — — True operating system — Improved version of
» Uses cooperative i) 2 -, — Uses preemptive Windows 95
. . ; Saritsg File ar Dhiwotix multitasking — More stable than Windows
multitasking A ST — Downward compatible with 95
— I — DOS
— Considered a transitional
system
7 Ty 8 Ty
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Windows C Windows NT

« Designed for
client/server systems
« Two components:
— Windows NT
Workstation
— Windows NT
Server
-« Oriented to business
needs
 Offers security, remote
administration,

directory services, and
server
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Windows 2000

* Two versions:

— Microsoft
Windows 2000
Professional

— Microsoft
Windows 2000
Server

* Better stability
and more
features than
Windows NT

11 my
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versions of Windows

e Three versions:

— Windows XP Home
Edition

— Windows XP
Professional

— Windows XP Server
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1 * Replaces all previous
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Windows 7 / Windows 8

n7y9n npyn
nNaN Y nInTnn
D'awnn vsioNe'M
yan poni o'7'an
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Developed in 1991
by UNIX

* Competes with
Windows and
MAC

» Powerful and free

» Growing fast in
acceptance

« Uses web
server

% 14 oy
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Solaris Op System

B ORACLE
¢ (Sun- Oracle)
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How Windows 9x Differs from
Windows 3. x-and DOS—————————

+ 16-bit and 32-bit core

* Virtual machine

* Memory paging

+ Base and upper memory

* Extended memory * Memory paging

Windows 3.x + DOS Windows 9x

igure 1-12  Windows 9x is the bridge from DOS to Windows NT

16 Ty
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' omparing OSs: Terminology
* Thread

* FAT (file allocation

Single-tasking table)
. . — Tracks
Multitasking
b ) — Sectors
— Cooperative
. — Clusters
— Preemptive

* RAM (random

Environment
access memory)

16-bit (real) mode and
32-bit (protected) mode

17 oy
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a) Single tasking

Multitasking

~ b) Cooperative multitasking
Single threading:
N
©) Preemptive multitasking
Multithreading

.
-
Multithreading

¥ =]
’ Application

=
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A Multltaskln 0 Environment

ngrmm-ﬂn AN EENUmED
RN LT e

/ # Figure 1-8 A multitasking environment allows two or more applicationd
to run simultaneously
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Mnaging Virtual Memory

most recenily
transterred o

Inast recontly ¢
used data or
program insiriclions
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D '7nN 71n1%7 NXIan

"2 "7 ATI9N DYWONN DD'YNN B
"nant-n" nyYxannv nin'wn
NITIP9 ¢ '"MIT0 VIX'a—

N'DNN VI 7Y y'owni ninwn ]'LI"I]"I XN —

,mu 200N |n>-r DVON ,TIZ 7712 avn ¢
i .'1D1,(DI7'M) 0'NIND 0'¥a a¥N

,, @ﬁ N2DIN NniyY? 1'an =

JMDINN QYN 770 X' NN —
.D'2'7NN 190N X7 N7 NN -
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NNAIT — 0NN yixna
“vi myfile.txt”
\%@\/@ Keyboard Device Driver =

“Enter” nupn? Tv ,0'7apnnw oinn nx buffer-a tax —

2. Command Line Interpreter =
(fork-7 nx"y) wTn 70N ¥ —

AN
I P File Manager =
? g == 9
vi” yaip? nwna nnm —

Yaizn nX xn? ' 017 Disk Device Driver-n 0T mo —

\
1§ - 1N
Loader =
NTNNN) D'0INIATKX 17 1aynl 7NN 2¥n IR 7NNKRN —
(“myfile.txt”
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NN2AIT — 070N yixna
(Awnn) “vi myfile.txt”

Memory Manager =

7 19MN NIRA0 DR [DTYNAI YaIRY? DIn n¥pm —
N2

Process Manager m |

(Ready) vix1a% |pind jnion 1'7nnn —
Scheduler =

Taynn NX 72pni yixa7 1Nl 1'7nnn ,ntn oy —
File Manager =

“myfile.txt” yaipn |2 nx N2 77 [v1ol nNie —
Memory Manager-n oy qim'wa

COVAL Systems 4 December 2016 24 Ty




D"'7an AINX ApYn

Ry
- f“(({"/ Scheduller n»n™an InTh =
é\\;“, [nTNn2 N7u9NN N>wN My y¥ann —

Registers | 5% NAIN AN'V2AN N7Y9NN NN —
1

- PCB n»'7an nyav =
77NN 72 112 Process Control Block N'7'2N0 —

File
Descriptor
Table

AR NI (Dispatcher) Naun =

awnN ;VIXA7 170N R notY apn —
.. ;N0MY 72PN "7NN DX

' (UNIX) 195 n'11yo 91X
Dual Mode Operation

D'aXN YN TRXA X¥nA? 715' 7nn =

(Kernel Mode) j'v1a —
079/07777 N'W' NYW 7wUNY (Privileged Mode) IN* NIYIDT DY ©
|N2'TA TN 73 0'RYN] |'YIAN 7w DaIman Tign e
(non-pageable)
yUnnwnn 170N %W 1wpna yxann ¢
% (User Mode) wnnwun —
IPNN IR N2 727 nwa X7 7wn% niaam nirpT oy e

1003.1-1988, which as the name suggests, was
released in 1988. The family of POSIX standards is
formally designated as IEEE 1003 and the
international standard name is ISO/IEC 9945. The
standards emerged from a project that began

near 1985. The term POSIX was suggested

by Richard Stallman in response to an IEEE request
for a memorable name; before that the standards
effort was called IEEE-IX.
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|
m POSIX or "Portable Operating System Interface” is
the collective name of a family of related standards
specified by the IEEE to define the Application
Programming Interface (API) for software
compatible with variants of the Unix operating
system. Originally, the name stood for IEEE Std

AN UNnn — 0'79/077
Program
l Counter 70N N2 X e l I'VIA7 ynnwnn Nayn =
AT7 AT DIWENN 070N TR ¢ (System Call) naawn Ny "y nwya —
COVAL Systems: 4 December 2016 25 Ty COVAL Systems: 4 December 2016 26 T
| .
POSIX :anTan POSIX cont. :junn

m POSIX Threads is a POSIX standard
for threads. The standard defines an API for
creating and manipulating threads.

m Libraries implementing the POSIX Threads
standard are often named Pthreads.
Pthreads are most commonly used on Unix-
like POSIX systems such
as Linux and Solaris, but Microsoft
Windows implementations also exist. For
example, the pthreads-w32 is available and
supports a subset of the Pthread API [1].

l (Note: in text, Pthreads is written with an

upper-case P.)
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' POSIX

,Unix ooian T a7von nd>wn pwnn ,POSIX
.07"2I' NI0OIAN A72Y9N NIDYNY? DN ¥ q0IX
.POrtable System Interface Yw ¥ ,POSIX
.UNIX minon qioa X -a
nTan? IEEE jaax 1 2w p'aximna n'onmoo
v pNUNY NINKIN NIRDINY DNIY' NIDNY punn
Application Programming Interface (API) .Unix n?yon n>yn
nnv qioa Mwnw IEEE -n " i xin m
NINDIN NN TWWONYT TVIY DIINYA
.0{721' NINIAT NIdYNA N1AY (NITM) NI

l x'n ox UNIX xqp'a' a7210' noayn i

o ATA [N DT
Systems 4 December 2016 29 Ty

(UNIX) 2190 n1yo |91

Virual | Page table [IN2'T MNIT'X
Address Address
0x0
0x1000
| —<__7"0N 7¢ namdh ann =
0x3000 ] -'7 I-""nn

; @

i - ser Space —

/ / l InTh D nuna N -

Kernel Page Tables
H W, Kernel Space —
N¥N1 )'70NN WK P nwnaY [N e
Kernel Mode-2
N¥N'A7 NN X7 [NO'TA 7101 NIk7a0 =
(Memory Resident) [nTn '3 [INd'1a

Process Page Tables
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1
(UNIX) 2190 n71v9 91X
(System Calls) noavn nixnyp
1Y NMD0D NINTAIN NDIWN NIRNP &
Open() “C” niypo
Read()
Write() YNANIN NDIYN NXMj7 Y IUND B
Close) | < Operating System Trap
Fork() ~. Kernel Space -7 nuon1s npnyn —
Wait) I~ “ANN A¥N NNY —
Malloc() qvnni v
Free() Kernel Mode -7 1ayn —
Lock() 0 D02 NNR'RNNN DYDY AR —
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e D''7NN I'2 MIYpPN
non =

=g ﬁ yT™m Nnavn —
&P oxn-
TXD =

signals-I pipes NIYXNX2A —
(7127m2 2j7o'n)
. QnIvn |ND'T NIYXNKR] —
(shared memory)

J'II_UTI"I nNayvn NIY¥NKRa —
(message passing)

‘*y AT MY DY MIYRN —

D'70NN 7w wion
Send / Receive
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22X / X' N'Ya
Producer/Consumer

[P2¥n ™Y 7N YT 'on X AN e

producer: repeat
nextp = new item;
send(consumer, nextp);
until false;

nnon'c NMIYpn —
D'NTA DDYANN Y .

NTNXRNT
consumer: repeat
receive( producer, nextp);
consume nextp;

' nnoun'oxX MIYpn —
until false;

7NN7 AYTIN NNYY .

'9'¥90
P1:send(Q, id, msg); P2:send(Q, id, msg);
— 70NN VTN N7AR .
Q: receive(id, msg); nuyd
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NA'M ANIXY? NWA7 0'712' 070N NN —

|
Mailboxes - INITnIA'™M
N9V MIYPN NNYODKN B
ANIT-NIAN NN T WPNAY 710 00N AT —
receive(mb, msg) i? ﬁ i send(mb, msg)

20217 'n ,D'NNN DD'70N ND DX —
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Mailboxes - WIT hIA'n

370N NIy AINIT-NAN B
N2'M7 NwAL 7210 7NN i —
nN7Y1 NA'MNL,0MNoN 17NN UKD —
N>IYNN NI7YA WNIT-NAN &
2277/N17U%1 ,ANIK TNYUNAIRY DITIRD W —
nITIN
NXRMP NIRYINIENI7YA 720 v 7ann —
N2MO/ARAP NIRT YN NIy avn? N —
12 770N N IR/ DN NIRMR DTV 7unY o

D'7NNN 7D D''NON TWUXD ,0'M'IoN D'YINMA —
7un%) NNIX NTMYNA N7Y5NN NdWN ,D'YNNYUNAN
.(use-count=0 wx>
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INT 771> D'Y9Y — (ack) MWK NNY NIMYoOK ¢
.apmn

1
Buffers - n'xxin
NIYTIAN 1901 7V n'aan =
09X N7 —
(nwno/waon) Rendez-vous DY NNOIN N'IN01'0 NMIYPN *
Remote Procedure Call 7un? «
F nnion N7y —
- AWND DONI N7IWN *
DNAIOR I 3\ .X'm (buffer) yxinn
[N
"%@a N'9I01'R N7 —
.0oN1 X7 n71wun
2720 nyan AYTINN M, NNAINDI'OX MIYPNA —
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1
i3 D'a"na 719'v

... PN ,D"NON '7DN TWUNO B
N nYTINY (NdN' IX) NdNN INX )'7NNY —
INT71 K7V 1'7X IN7WIY NIYTIN QY'Y —
NITIAX NIYTIN B
N7nNn yxinw 7721 hunt —
wTnNn [NIX NIYWY 091> N7IWA IX NOWNA —

;ime-out "y huny e
ab §j> < nivaiyn NiyTIin 1
- 172 Wy 7721 hunY —

l .(checksum, message digest) o™i ™"y 't —

9
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Process Scheduling
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D'RYI]
0" '70N [In'T7? Nan o

70N axn .1

D''70NN T Nyl L2
D'2'70N [T NN 0T .3
|m'T nI'rn*m §

Firct_-Come Firet_-Sarve nnmnby -»
CIFST-LUOME rirSt-cive DNMIAMX X

Round Robin onnia7x

(Shortest Processing vxinn n"nw 71 1yt
Time First)

(Shortest Remaining Time n'T'nx X7 nvan 't
to Completion First)

(Windows NT xnait) oin nnda win'y -n

al
A

T
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3'70n 'axn

VNN IX 9"
D'"non

mnnn Ix 9"p
YNXY?

. fann o
RN T30

------ ’ 079/077 = 9"p

éxb 40 My
A—
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Process States

Running - actually using the CPUUl

X XX

Ready — runnable, temporarily stopped to let U
SLIATY 1
5)&)&) another process run

Blocked - unable to run until some external O

,5;"13 event happens

A process can block itself, but not “run” itself

COVAL Systems 4 December 2016

Process State Transitions

When do these
transitions occur?

1. Process blocks for input
or waits for an event

2. End of time-slice, or
preemption

3. Scheduler switches back
to this process

4. Input becomes available,
event arrives

COVAL Systems 4 December 2016




"y S1an

& Scheduller

. 'Mnn
l ézb’on-nan'r
N

1
1 1 . .
. 170N 1a¥N 5 Scheduling: Single Blocked Queue
Five-State Process Model
Ready Queue &
Time-out
Time-out
Event Wait
Occurs
l Blocked Queue
4 December 2016 43 oy COVAL Systems 4 December 2016 44 Ty

COVAL Systems:

Suspended Processes

O Processor is much faster than 1/0 so many
processes could be waiting for 1/0
U Swap some of these processes to disk to free up
more memory
O Blocked state becomes blocked-suspended state
when swapped to disk, ready becomes
ready-suspended
U Two new states
0 Blocked-suspended
O Ready-suspended
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1
. . H 191
Scheduling: Multiple Blocked Queues Process Scheduling D'2'7NN [INTN
Long-term
Ready Queue quene
Dispatch Release
I : T
> Ready
»a
-
Time-out
vo1 -
Oceurs
1/0 1 Queue
M Event 1 Wait ‘ 102
o= LLLL LT[ =
‘ nnna 1/0 2 Quene.
Event 1 Queue Wait .
Event 2 M Event 2 Wit ‘ Vo -
Occurs Oceurs 0w Oneue
Event 2 Queue
45
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L L Process State Transition Diagram

with Two Suspend States

Admit  guspend

Dispatch

Suspend Time out /

Event
Wait

Event
Occurs

Event
Occurs

Activate

Suspend
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KelniThrcad
PaporeateTivead
K stack KiReady The:
swapped KinsarbetonscReadyList
. Thread
I
© Microsoft
Corporation
Kemel Thread Transiton Diagram
saul@covalnet
2003/04/06v0.40
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227197 0121 "n'™1an jIn't" 'nn

MUY 1'70N UKD [IN'T NIV7NA yXa? N =
ay¥n% ay¥nn
7w ,(I/0) 9" nTipo yxanw 170N J7wn?  —
"mnna" ax¥n7 "ya" axnn
"ya" a¥nn Wy 1"an YR Innoxkn =
?"pPI" a¥n?
(Preemptive) NY?ON 12 X171 [IN'TN [P DR —
(Non-preemptive) NYP9ON X'77 X1j71 [IN'TN X7 DR —

(Cooperative) n71yo qnu7 a"n y7nn »
1 Windows 3.1-2 7wn%? -
MY TXA NI'NY 712' NI2A0N "My NIDNN

- -1 ] 1 ]
. v
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n'Y'"70n [IN'TA (overhead) NN

DY'N 1'X D'2'70N [IN'T
Kernel mode-7 navn—

(Context switch) "wjn no7nin—
RXI'N 70NN 7w wpn\axnn N e
01010 7NN 7w Awpn\a¥nn Mo ¢

NX2N NTIR9Y7 nx'op1 User mode-7 Navn-—
...2NO0IN 'NN DA W' N

S Page faults —

Cache misses—
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DO'7NNN |m't n*''ya

nan|
7197 0'on 1*70NY7 (ARWNN) TN NRY7ZN—

n'lon At
ﬁ%ﬁ% wolnn NIANTY
IN27 '70N OT'K L,YN7 D'DINY 0DY%70NN 'an—
N21YW '70nY TAUNN DX AX AT nnd7—
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Cored staie
s cuTent state
Figure 47 Examples of the Redatiomhips Eetween User-Level Thread States und Process States
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D'2'7NN [I'9X

(CPU-bound) paaiw'n v ny 1"70n =
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"2'0" NN DWalgn D'TIN

't NN
(CPU utilization) Taynn N7y =

"y9" Taynnw Nt TINK —
(Throughput) NRISN =

[IM] AT 7192 IN7WINY NTIAYN NIT'N' 190N —
(Turn-around-time) 1-'mn yixQa nt =

nro? T 1*7nnn M'w yan —
(Waiting time) TAyYN'7 NINnA AT ®

"pPm" 2¥na 1"7nNn DN D'ATH DO —
(Response time) NAIAN [NT &

l"u NYUPA NUAN ' TN 719 ,"2'0PKI0IK 7NN —
079 NIXN) NXWNN NIANY TV Ynnwnn
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N'A'VPXIVI'X NA'A0—

LnE

(batch) nixx naraoa—

A¥p NAIAN (AT AW

l (n*7xn'opn NZI9SN) NZISN DOPNT X
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D'TTN NNTAN

W /T, a0 P "an 7w nwnaya ont' =

NIV 17NNV AT 1"N0 - AR NT RIN - T, —
"pPm" Ix "ya" 2¥na - ¥pn

"ya" a¥na 1"7nnY at >"ho XN - ti—

NI NNN ,)'70N 79 YXInn A" jnT =
A n't

1 N
oo7Annoon XInNwWwNd H, :N-ZTk -
k=1
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IFirst Come First Serve (FCFS)

hakrhi
INIX WAITY [IYRIN '70NY7 nxjpim Taynn —
vin'™ 'ono =
(Cooperative) Non-preemptive —
pin axna 0o'7ann 7w FIFO Win "y wninn —
INYaN 1Tl AT 19N 7NN 7w nraY nT —
D'DINNY 71NA1 DX D'2'70N7 N2 NWIY on' —

avg wait_t=17

avg wait t=3
G % 27 30 . T
time
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1
First Come First Served Scheduling

Xxx ¥

Burst Time Process Example: =

5

24 P,
3 P,
3 =]

Suppose that the ?rocesses arrive in the order: P, ,P, ,P; =
Py P22|7 Ps Waiting time for P, = 0; P, = 24; P;=27

Average waiting time: (0 + 24 + 27)/3 =17

rive in the order: P, , P, ,P,. =
Waiting time for P, =6;P,=0.P;=3

Convoy effect short process behind long process —

Average waiting time: (6 +0+3)/3=3
Non-preemptive scheduling =

0 24 30
P, | P, P,
0 3 6
Troubl
COVAL Systems. 4 December 2016
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20157anan 23 8-ar
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1 1
First Come First Served Scheduling Shortest Time First Scheduling
; . nio Ty
ﬁxﬁ - ﬁxﬁ - First n'"aw
At U Come First
4 ~ NN 4 Scheduling
: - NENNNN :
P3 2 P3 2
P+ [N 4 P+ N 4
P5 P5
P6 P6
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| |
First Come First Serve (FCFS :
( ) Round Robin (RR)
(Convoy effect) nnrwin vj7ox q = Quantum
o OO Mman s
o jI'SX = g 2 077 N2 [IWXIN '7NNY7 N¥pIn Taynn —
C :piw'n vy TR 170N — 70NN ,g-n YIma 7NNN 7Y AWNn 0T OR —
l4,..l, 1079/0%77 My 0o%0N 90N — "015m"-n AN 9107 1Wini 709N
(non-preemption nnina) — J vinm 'v1o =
o C Vj7oX = Preemptive —
"N, Tavnn X 09N C 7anw vana — - . )
) D15INA AN DA0XN 101X (time-slice / |nT nono) Quantum —
| &ZF 10-100msec
In*702m 079/0%7N ApENN — .
l g |nT 719 %3 Nj7'09 XY timer NTva wninn —
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" narox  Round Robin (RR)

"[aml" parta Lo quantum-n ox =
a¥j72 oy 17wUn Tayna Y1 )'70n 7Dw nwinn —
on' — n»"nnn 190on Xin N wxd ,1/N

T'NR NWIY
N-araiwnn mra xaY (Vwnd) nann T -
Innna nirn? a7y npnn R —

First Come First Served

Round-Robin

RR | FCFS | yan NnalIT .
991 100 1 _
w2l 200 N=10 n»"7nn 19%0n —
. 100 17nn 7w awn a7 —
1000 | 1000 10 gq=1-
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' Selfish Round-Robin :a%%n

nTan =
FIFO ninnn 7ima o'prnim o'wTn 070N —
vix? Round-Robin nima o'rnin o'z'nii oo'7nn —

[IWXIN DX DN ,D7' NN N2 70N 'K TWUND —
D'7'NIIY INIX D'9I¥NI D'YTNN NN

T 7Y 7wnY i wnn 1o 170N - "nnpT” —
TV AT DTN 702 )70 7 NI9FTY DX DY TaNY D
7'M INIX 191N 07 1ayn
Round-Robin IIIDIN u
RR 72apnn (nn'jp X7 IX) n¥p NRpTTn DX —
FCFS 7ann (N'9102'X IX) NDNK NRPTINN DX —

First Come First Served

| RN

Al
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Round Robin Scheduling

Each process is given CPU time in turn, (i.e. time quantum: usually 10-100 =
milliseconds), and thus waits no longer than ( n - 1) * time quantum

time quantum=20 =

Round Robin Scheduling

Process | Arrival |nt
Number Time CPU

Wait Time Burst Time Process
57 +24 = 81 53 Py
20 7P P2 12 5
37 +40 +17= 94 68 P,
57 + 40 = 97 24 P, P3 5 12
[P P[P PP P[P P PP ] P4 21 25
0 20 37 57 77 97 117 121134 154 162 P 3 30
P,(53) 57 P‘L 3) £1(13) 5 5
P,(17) 20 —» P6é 42 5 Quantum = 10 msec
Py(68)-- 37 w08 | 1 P28 Py(®) NIMorTY M0 K77 RR norw
P,(24) 570 40 4 aunh v
MInnn Y AVG -1
| —
- - : : or'o 7w AVG -2
Burst time is an assumption of how long a process requires the cpu between I/O waits.
. v -
It can not be predicted exactly, before a process starts. (Ready) mxip minnn + (Ready) n¥ 79 AVG -3
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1 . . | . .
Round Robin Scheduling Round Robin Scheduling
P1 P1
P2 P2
P3 P3
P4 P4
P5 P5
P6 ’ P6 ’
Cpu Cpu
Proce Proce
0 10 20 30 40 ss | Armiva | por 0 10 20 30 40 ss | Ariva | jor
Numb | I Time | CPU Numb | ITime | CPU
Quantum = 10 msec -awny ur er Quantum = 10 msec -awny wr er
mnnn 2w AVG -1 P1 0 20 mnnn 7w AVG -1 P1 0 25
oI'o 72w AVG -2 P2 10 5 oro 7w AVG -2 P2 12 5
(Ready) nxjz minnn + (Ready) n¥™ 7w AVG -3 (Ready) nnxj? nannn + (Ready) Ny 7w AVG -3
P3 5 10 P3 5 12
P4 20 20 P4 21 25
P5 30 30 P5 35 30
COVAL Systems 4 December 2016 P6 40 5 69 oy COVAL Systems 4 December 2016 P& 42 5 70 Ty

Round Robin Scheduling

Process | Arrival CPU |t | 11O par CPU |t | /Ot | CPU n7
Number | Time

12 5 10 20 - -
5 12 15 5 - -
21 25 5 18 5 10
35 30 10 25 -

42 5 20 13 - -

Quantum = 10 msec
nIerTY MT0 X77 RR nuw
awny v
nannn Yw AVG -1
nI'o 7w AVG -2
(Ready) naxj? nxnnn + (Ready) nx1 7w AVG -3

COVAL Systems 4 December 2016

71 Ty

' Round Robin Scheduling
P1
P2
P3
P4
P5
P6’
Cpu
0 10 20 30 40 P | Al | o [ o e | CPUT
Number | Time
Quantum = 15 msec
awny wr P1 ) 2 0 - - -
nnnn ' AVG -1 P2 12 5 10 20
o1'o 7w AVG -2 P3 5 12 15 5
+ (Ready) n¥" 7w AVG -3 P4 2 25 5 18 5 10
(Ready) nxp mannn P5 35 30 10 25
PG 42 5 20 13
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72 Ty




! ' Round Robin Scheduling

1
P2 RRRRC ITIRRRRRCCRRIRRRCC

P3| RCCRRRC I 1IRRRRRRRC
P4 RRRCCRR
P5 RRRR

P6 RRR
Cpu|1 1331124431
| | |

|
@ Round Robin Scheduling

= Typically, higher average turnaround than SJF, but better response.
m Performance
— glarge = FCFS (First Come First Served)

— g small = g must be large with respect to context switch, otherwise
overhead is too high.

I
0 10 20 30 40 Proces Al | oy e | yor | SPUMT | VO | CPUM
Number ©
P1 ) 25 0 - - o
P2 12 5 10 20 - -
P3 5 12 15 5
P4 21 25 5 18 5 10
P5 35 30 10 2
P6 42 5 20 13
COVAL 4 December 2016 73 Ty COVAL 4 December 2016 74 Ty

Shortest Processing Time First (SPTF)

nnln =
vix27 T 0'van oo7ann N 7 —
(t) wxm v P, "70n 9w nxnn at —

a AN

Average waiting time = (0 + 6 + 3 + 7)/4 = 4

1
Shortest Job First Scheduling

= Example: Process Arrival Time Burst Time
P, 0 7
P, 4
P, 1
P, 4

= Non preemptive SJF

nTan =
| ik W s nro v yn'v ‘7namt; oy 1"7nnn N 0N —
12 o
v ) © winm '01o =
L] 1 .
! l ,JO Non-preemptive —
B T . ?t X D'wnn 'R 7R -
] T 2 3 4 5 & T 8 9o W
COVAL Systems: 4 December 2016 75 Ty COVAL Systems: 4 December 2016 76 Ty
1

hortest Job First Scheduling Cont'd

= Example: Process Arrival Time Burst Time
P, 0 7
P, 2 4
P, 4 1
P, 5 4

= Preemptive SJF
Average waiting time = (9 + 1 +0+2)/4 =3

\ P1. . , ‘P3 , F..2 , .P‘? , Pi| P2 (P3| Py Py Py
t +—+ t —+— ——t ; h e I
2 45 7 12 1 - 5 1 16
P,‘s wating time = 0 P.(5
Pi(7) . L P,(7) J“) > » Pyswating time =9
P,(4) P,'s wating time = 6 P,(2
2 . L P4 P,'s wating time = 1
Po1) ceemy P3's wating time = 3 P b e time = 0
P,'s wating time = 7 fane 3’ waling time =
Py(4) > Py(4) - e P,'s wating time = 2
COVAL Systems: 4 December 2016 77 Ty COVAL Systems: 4 December 2016 78 Ty
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AUNN NINDIN 7Y XN YWOKRT? X' N2 27U Ny nn'unn o
AN Y700 .NNINN 7Y ATXPIv0AN (120 D'MN'Y |07 79071
070NN 71001, N7 DY 1Y NDTRN 07N 17K

IX7 NAMN NNIND DX [AYN2 NNPY 71X D272 y¥anny
N2 7Y nan

LMD 2NN NNAY TN D27 775 1T, N0m ynn? oo
JDINN 7Y TIPn DX 790 Yapn DX N7 NI

7221 NYDINN JIN2 0'oN DIRP'AY NYAXN NIXNP NoNN NIx
.N7Y YIxAN DX N7'NNNn

112V AU IR NI72I0N NIN'YN AN NdDRMmN N o«
AUNNN 22 72V NINT 12 DY DDY70NN 190N 17'K) ,wnnunin
12! N'T'9 AWNNNY 070N 7W M'o7nn 190nnNn NI 71TA KIN
YN 0713 N>wnY 0%7nNn 1901 773 10T .naat i yny
XN ,NNT DY) AWNNA DIPNINY DFTAYNN 19017 NIIY NNt 12

simultaneous -1 DNIN DTAYAN AT DAY DY 71D
multithreading).

3‘7I|n-n na'7n(pre-emptive multitasking), o*Tpn nin'wn 121 2y nooann N>wna
DX N2TIW TV DIRD DN 1anYt nnn(switch) amm yxani jpt nons naoin
2N 7V INTN 'MNMIATRA NYNNWN D270 .NNINAT 12 DI 27X 070N 1780 wnnwn'?
N7 AWOK? 713 ININ DNMIATRA LI7 DX AT ANDIYN'Y X2D 17ANn A AN viapt
NPo0oN DA 773 10T NA7N .DNK 7Y 1T NI AN NINFTR 753 DIFY 0YaNnn
IPC), ) 0'0"70N "2 MIYEN WM YIT' AT 2T IWENnY INW'7D 'WNR N7R DDY7ANY7
71NN NNITYND N7U9N1 DI0N NNAWD ,qNIYN [ND'T A )2 1IX7 NN NIVl

nI0oIN NIFAY7 NI7ID' (D"NNXIY NINSI D1VF DXAWNN 23 7V TIN') NINNK NIDWN
YN7 nwaim 70N 75 1aw(co-operative multitasking), 'om'w nim'wn nan 7y
Y¥27 N7 K'Y N7 DNIRY nwiza wan kinw T, ("nwion X77") niploo X977
NIYNINND [0 779 T, (imdyielding ( DIk 7R NIYRA ANK 7N amm
TNNY' NIXOM .WNIN'Y YIN'K7 D'ONN WK IX 070N 2 MIYPNYT NIva? naiana
Ny | 7arco-operative multitasking, -2 iwnnwnMac OS -IWindows 7w anit
.N1IN DAYY DAWNNN NNXIY N7Taw 7opre-emptive -0 no'w?

Symmetric nivpuIKaMultiprocessing (-2 ba YMNY? WY nwenn Ndwn
D27nn1 nrm 0t npna Non-Uniform Memory Access); ixmultiprocessing
72 MDINN N7 D2MX NINT NN 1Y 1270 .071W D' Tavn v yNn'? 070" 0y
7 nvnwnn 99 1T A% TIgn 7w 01IY 0PN W N0 YN NanT 1 DIny
122¥n M K7W N'van man 7wspinlock) NNATD) N210 112N 7907 W'Y KD D
.InT INIX2 DIMIN DNIX DX NRYY D'0IN D'TAVN 1Y

COVAL Systems: 4 December 2016 79 Ty COVAL Systems 4 December 2016 80 vy
7950 niva? nnavn = nypen 750 niva? nnavn = nypen
?0VpPoN K77 IXN NYpON DY (Jwnn) ?nypon K77 IX nypon Dy
A In'T DM Y YXINND Y AT DN e nNdin =
N 1 1 M 1 1 —
HA:%'ZY} A m't 97 070N N 7w 't |n1'ma
pi an% . jnnNx o'monw 7nnn Pk i —
ime
070N N w) A Qypsn oy 't Ny ‘9% - - - !
73 nypron X477 A’ nint nnv (TN 0Ny 't 9107 PK n¥M NX qoI1x) —
H,<H,w [CPr IEPKNINPKNINRR |
2w nrnwn Mt mnwn X7 PK 9w arpwn nt —
l l 772 X7 DINRD 070NN
COVAL Systems 4 December 2016 81 Ty COVAL Systems 4 December 2016 82 Ty
|—|A TTn '97 SPTF 7w ni"yxn'uoIx H, 7m o7 SPTF 2w nim'uoIx
. . . nn
Shortest Processing Time First (wna)
(Qwnn) andin =
oovun =
- :N97NNN NK YXINN DTN Rt —
A |m'T NI 0% ,Tn 0'van 00NN 7D oR —
Hgpp <H %[7; bt () 44 (T =)+t T ] =
)
= T+, 7t/~)]
anoia = N 1972 X7 yxInn nrnwn nt —
N77 NI KD AW NOn7 N ,nn7n 197 — SPTF a'na mrnnw Ty nisYnnn %y nAnn —
2750 NIwA? Nava = nypon nypon t t
-IP, 0n"70n 2w nirn? oatn ,SPTF X7 A ox — 199
l P, anx ™ parimn Pt <t-w d P, l N e
T, T
I 4 December 2016 Shortest Processing Time First = (SPTF) - COVAL Systems 4 Decernber 2016 Shortest Processing Time First = (SPTF) -
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RR nnn y¥Iinn n'"nvw |n1

oovun =
HRR s 2HSPTF TR, TN 0'Y'AN D'DY70NN 70 DR —

nnJin =

P, 17007 ohaw anwn nx delay,(i, j)-a jno1 -
A nrrm nnn P;"%nn 7w nam't apy

DUEnn 'Y A N iy —

N
N-H, :zg + Z[delayA(i,j)+delayA(j,i)]

RR nnn yxmn n"nw nt
(Junn)

N SPTF N2y
N-Hgppp =zti + Zmin(t,,t/)

i=1 ISi<j<N

Round Robin N2y
N
N-Hy =Y t;+ > 2-min(,,t;)

i=1 I<i<j<N
i<j

PR 1 Pj |

time

= =

T IsigEN time
Shortest Processing Time First =(SPTF) —  Round Robin = (RR)

COVAL Systems 4 December 2016 85 Ty COVAL Systemss 4 December 2016 Shortest Processing Time First = (SPTF)  —  Round Robin = (RR) 86 Ty

' Shortest Remaining Time to
Completion First (SRTF)

mMTan =

AN X NN v AT oy Pienn yvan auxo —
T~ ,Pk ¥a1d yaw '7nnn 7w aiwnn nt nkwn
Pi nx 001501 Pk-n Taynn nx ow'pon

oovn =

NN YyXIMNN ntnwn T nx wmn SRTF —
(SPTF-7 nnima)

nnNdIn =
SPTF 7w ni'arooixn nnoInY nnit —
l ?SPTF -1 SRTF a2 "Tannan =

TN D'YAN X7 070N AWK DA a0 Ty SRTF —

COVAL Systems _ 4 December 2016 Shortest Processing Time First = (SPTF) 87 ™

("N nnivorn)
lyown X7 @A n¥y T mr—a=1-

|

1'70N 7w a1wNN AT [TRIX
n'yan =

70X '7NNY AW AT DX K17 W —
[NN'S =B

(Tny7 o'wnani omyo nnd 17nnn o'vn) '00'VVO | TNIX —

i-N 212'07 21U T NOWN —T; *

i-n21'oa iva NN AT — t; ¢

0<a<l 1t,=art+(1-a)

‘ nNYmwse

vaip ioa nnkn nx N pr—a =0 —

COVAL Systems 4 December 2016 88 Ty

D"IN Y90nNa vin'v

197 NIV NIXIAE'? 00N T9n N E
DII'9'NX
. foreground, background, ... = |
-7 NONN [INTH NI B
NNIX7 D'D"'WUN 070NN |2 INTH NI —
nxnyp
NNRIY NIXAP 2 INTH DI —

BN

COVAL Systems 4 December 2016 89 Ty

070N 72101 71N

BE N
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! DN '
Multilevel Feedback Queues

nMTan §
NIO*TY 1 TO '97 DN 190N DM''j? —
AN NNIRA NI9TY *72v2 0DYANT NI M .

Multilevel Queue Scheduling
mlprinrig

10 DY
22U90 NJwn 70N -
— . —
17un InTnY

= Each queue has

|l  its own

nNaTa YN

INIM NN M 7'NNn 7NN — zg*:r?tg"::g
MY T KIN ,quantum-n 75 IR X KIN DX — o 221 NNaTA 27N I _ - foreground
iy = e
quantum-n 10 197 Taynn NNNWN )'7NN OX — DUYK ©2'700 _ time
Anr na Ny ann KN L([1/0] 9" e apy) batch processes = f’tf:t'é?f)"_“”d
FCFS, 20%
uin'!m 'ono § D'VITIVOA YN CPU time
TN |AT 7w AN |OR TINK X1 D'DININ DMINY — P EAs oo —
l ANI' 021N DN IAY 7Y quantum-n — Jowestpricty
COVAL Systems 4 December 2016 91 Ty COVAL Systems: 4 December 2016 92 Ty
' " Wi
. : indows NT-a jin't___:xn2IT
Multilevel Feedback-Queue Scheduling I
. NIOTY '9% DN YIN'Y B
= A new job enters queue .
Q, which is served (dispatcher ready queues) nin 32 —
— FCFS. When it gains (16-31 nror1y) Real time priority «
' CPU, job receives 8 (1-15 mimo+1y) Variable priority *
milliseconds. If it does (n>wn? Minw 0 nio'Ty) »
. notfinishin8 Round Robin nrarm =
- milliseconds, Job Is
SHentm =10 moved to queue Q. Y 1'RY NI 9 TYN NN Y —
= At Q, job is again quantum-n 75 7¥1 DX DT NIOTYA B
. -~ served FCFS and .
recelves 16 additional -7 wait-n "a1y "70n ox a7y niIvrTYn B
e S milliseconds. If it still ready
does not complete, it is . [I/O] 9"z 210 9"y nya niorTYN —
preempted and moved N2 NI9FTY Mpn NT7mnn [I/0] 9" «
COVAL Systems 4 December 2016 to queue QZ' 93 Ty COVAL Systems 4 December 2016 94 Ty

n'VIN
Threads
mE PR

O'XYI]

—d nNTAan =
%LS D'oin —

070N Nniv? n'oin —

D'VINA A7V9NA NDYN ND'NN &

BN e

~ NIXNAIT &
Windows NT —
COVAL Systems 4 December 2016 o3 T COVAL Systems 4 December 2016 96 T2
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n'X2'0In

D' NDYN 'AXYN D'YIIT DD'YNN B
D1 ,(File Table) 0'79/0%7 nwa ,nIAMd anN —
AT a'72Ye 1'h 0NN IN'T =
Tayna WWpn/axn nenn —
"iapgn” '9IX NIV [0 DIN'YN D1YD IN... B
DI, NIV NIZWYS NY 70N —

COVAL Systems 4 December 2016 97 Ty

nMTAN

1

Thread: 'm170 yI¥a DT - A sequential execution stream
Address space: n'1In 7'y9n7 "1 )XY NN 73 N7 'NM

Chunks of memory and everything needed to run a program

Process: niaimd>n ann + 0IN - An address space + thread(s)
Two types of threads

— Kernel threads

— User-level threads

O ®

4 December 2016

COVAL Systems: 98 Ty

1
1 )
T
'

§ ¢ ¢

kernel threads ['VIan 7@ n'oin
COVAL Systems 4 December 2016 99 Ty

‘g kernel I'VIa

|

['Van 'OIn X 1 A'%N nThnn
OS scheduler only knows about kernel threads

wnnwna v (0'oin) naR“nn
user threads
. — ' [T
Forocesses gg g gg wnnwnn
user

nMTAN

7N NTI9) (NNj72) VIXTA AT 12D VIN E
alehh)

0N D'YNTA D'ARYNN B

hewsssd | Program Counter —
EI@E?&J naonn —
= S——)

! DMvoAN —

h e
Registers Stac! Prog Counter

COVAL Systems 4 December 2016 100 Tmy

n"D'"7an NniyY? n'oin

170N

Program Counter =
Registers
Execution Stack
Address Space

Open Files

File position
N™NI0Y NAMD Y
N'T'S NAMD W
21yan

ocoo0o0oo0pooo0 g
co00O0O0O0O00O
E E EEEEEN

101 Ty
4 December 2016

COVAL Systems

n"D'"7an NniyY n'oin

oin 170N

Program Counter =
Registers
Execution Stack
Address Space

Open Files

File position
N'RI0' NN WY
N'T'S NN W
21yIn

o000 0EEa
B EEEEEOEBE

102 My
4 December 2016
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D'¥2? NY . XNAIT

niypa 72 y'7an =
N2 (N2Md) R —

' O'X3 7 MY IXNAIT
T'N' DA vVIN DY )'7aNn

do forever

. . vin'nn =
&% yap T — get request;
execute request;
* Yl ohrm - return results;
DR end; nnNn' =
ﬁﬁ (Buffer) yxin — NIV —
s ,; TN NN = nnnon =
~L(1wro/nn7xin) o1vvo - 0'79/0%7-7 NINNN] 7UNY ,0xaNwN 71X —
(7w192 N2amMO/ARR) IR — Mya =
%g ﬁ 11N21'0N (V79/0'%77) 9"j7 Vix "'y U N —
(NNS 7w NIpna) DN nTnNn — NINT 2 NIYA 190N 719101
COVAL Systems: 4 December 2016 103 Ty COVAL Systems: 4 December 2016 104 Ty

1
D'UIN "I - D2 NY XNAIT

vinn =
TNXR 7010 vin -
nwppa 7 -
NTAYN "IN TRX "V YIX7 NWRan Nk 1aYn e
nTy 'oin —
nYpan X y¥an ¢

TV 70 vin

nwn 'tnn ¢
——mmen]-men. ,
|
nnnn
ml- NNA NpIoN —
™ ooy nnnon =

QNI 207 NidN —

COVAL Systems 4 December 2016 105 Ty

. nnnNnt
ane (a'7) a7y vIN DY E
Thread Control Block nay' iy nwinT —
N10NN NRYPNI
DIANYN ¥ NI 20 TIX =
D'TaYN NIANN NRWN1 7wn —
INIX? D"wA D'VIN 12N aniD MIvpn =

FRREE Wi

ANI' NN NIdN =

Qnivun N7 —
COVAL Systems 4 December 2016 106 Ty

nnnNon

3'™70N ININA D'OIN |2 NAAN Y0IN &
ANX VIN 7W NoONAN DX 0NT? 717V vIN —

& ik

BN

COVAL Systems 4 December 2016 107 Ty

DN '0IN NNIY? wnnwn 'uin
(user threads) wnnwn vin =

(single threaded) T'n' VIN2 N>'"NN NaY NN —
2N 0'I'Y X77) WNnwn 'uind n>'nnY
['v7a 'uina nd>'nY L(nwenn

|
n>wn "y 0MdIN X7) NINdNN N210 MY DNTAm —
process (n'wsnn
Ny —
noayn NIRAp 0'WAIT N7
AYPN NO7NN NYXINN X7 *
L7 700N VIN AWKRD M NN —
(kernel threads) |'vaa vin =
n7uonn N>wn My 0NTam —
100N AN =

COVAL Systems 4 December 2016 108 Tmy
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N7U9N NN [I'9'X

2NN N2N | NN 2NN
nimnd TN’

Unix (traditional) DOS, MacOS (<8) Y52 T'N' VIN
NIaImd ann
Linux, Mach, Embedded D'vIN 150N

Solaris, Windows | Systems
NT anon 'ma

(nwip nixwn)
l nnimnd
COVAL Systems 4 December 2016 109 Ty

D'oiNa NO'MN '"NN'Y

Eb NNAIT? ,D'0IN NOMNI A'X' B

— thread_create(char *stack)
—thread_exit(...), thread_join(...),
thread_Kkill(...)
|1N210 AN =
QnIvN [N2'T7 NWR21 DIX'N 1Y un —
D'"N"15 0iN) 1an =
Thread Control Block —
Program Counter, stack, registers

COVAL Systems:

4 December 2016 110 Ty

B R e

COVAL Systems

Remote Procedure Call :xnait

anTn Remote Procedure Call (RPC) =
AITXNDY? ARM} (12220 DX

NIXY NRZINE NRUPD NMITXNO9NY 77201 —
Ny ndna ("71X)

NIRXINAI DVNION NAYA DX Y'NOoN [N —

2 YN ann nvwoa na X'a RPC =
N1dN ANIX 7y (0'oIn IX) 0Y7AN

4 December 2016

111 7y

input parameters-n NX NNI9 —
NYRaN yIxa? (N'7p17n) nmxine? Xip —
NITN DNIXR N71W1 ,output parameters-n NX TIK —
NXAN NYRAY? NdNn —
NI Y"7nn =
output parameters-n nxX NnIo —
aTIn —

'Remote Procedure Call :xnaiT
vin'm '019
NIz Y"7nn =
3"7nN7 DNIX N71IY input parameters-n NX TIK —
DON1I NYPIANN N'¥1I9N IN'T ND0INA ,NIWN
NI 7N e

COVAL Systems 4 December 2016 112 Ty

B R e

COVAL Systems

Remote Procedure Call :xnart
pop-up threads niyxnxa winm

T'N' VIN W' YA 7NN ,A7NNNa .

h{UlvaY

:

NX 72770 VIND ,AYPA N7A7NN YUK B
NYj7a1 790nY VIN 1X¥"'NI DFIVNON

RYIN

4 December 2016

113 7y

Mach
NIYTIN NO0oIAN N7Y5n Ndwn

(task) an'wn :n'0'0an NNt B
D'0IN 190N 707 N7 —

(ports) WXIT NI (MIWENY '0'02 DN B
D'0IN |2 NMIYpN —
n7v9nn Ndwn/-n MIYpn —

ANIT NI2'N 'NMY DY NNXD Aan'yn =
n7vonin n>wn? 1*7nnnn Kernel mailbox —
n7vonn nd>wnn signals n1ayvin? Notify mailbox —

BN e

4 December 2016 114y
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Mach
NITIN

NIYTIA NIYXNKXA nﬁIUrlJ'l"I noaYn NI =
msg_send, msg_receive, msg_rpc, port_allocate —
a'7on nyTin =
TV PR DI LAY TIND IR — Header —
nInwn 1INa (type oy NITw) nyTInn P —
AN ANITA NN DX =
IX ,DI7N MION'W TY ['NnN VIND —
n'ion (time-out) non T 'nnn vINA —
nyTInn 7w Caching —
370N annn AyTian DX (D'nyn XY) aonn Mach =
7200 70nn ann nva

,AVTINN PIN DX MWn 070NN TR DX — Copy-on-write —
nEnYIMn TN

4 December 2016 115 Tmy

Windows NT

]"7-'\]1 nl'n N'o'oan NT'N'n =
kernel threads — p'vin nnd 7'Dn'7 71>* 170N —
user threads — (fibers) praro nn> 7207 71>' vIN —
D'VIN NN DWW [IN'T —
|N2'TN 2NN DX 'Y 1 TAn 170N —

D'oIn "2 MIYpPN &
ANIT NIATNI pipes NIYXNXl —

COVAL Systems 4 December 2016 116 Ty

BN N

COVAL Systems

Windows NT
nIvpn

message queue ny 1xn vin =

(mxyn 7712) D'INX D'OINN NIYTIN D727 —
NYTIA N1an =

(32 bits) a10 nTY —

(64 bits) nrami nTw —
nINMj B

NIWTIN N727 IX NN'7W7 ninoin X7 / ninoin —

4 December 2016 117 "y

DIOAN M DIRM
MY

DIN'M NI'YAYT7 NINAAIT O
D'71yIn ,'0"p YOI :NNTan O
D'71IN-N9I7 DNMIAYX O

18
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.an

BN e

COVAL Systems

DIX'N
:n'71yo n'onwn 070N B
QnIYnN [N2'T 7wun? ,0'SNIYn 0'aRUN? nwa —
.(0'oIn jwa)
IUnN [PNN 0T YL TNR )'70NN 01N NNavn —
qQin‘ya NX oxn%? narn =
SNNMY 91X 271WN DD'70NN VIXKAY D' —
.DY7NNN |IN'T 72V DMWY PR DNPY79RN N1dNNY
.(synchronization) nix'n nmNa win'w —

4 December 2016 119 oy
119

D'72V190 722 :NNAIT

.22 [I2YNN 901 N2'wn'Y N0 YN B

int withdraw( account, amount) {
balance = get balance( account );
balance -= amount;
put_balance( account, balance);
return balance;

I2wna "a w1 ,$50000 wr jawna =
$30000 n'>wInI DIV D'VNIDO3YT D'WAN
N'ant-12 $20000-1

COVAL Systems 120
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790D |'N :D'7VI19N 12

N2'wn N71yo 75 y¥an 191 '7nn =
(Tayn mix 7y)

balance = get_balance (account) ;
balance -= amount; // 50K-30K

put_balance (account, balance) ;

|return balance; // = 20K

balance = get_balance (account) ;
balance -= amount; // 20K-20K
put_balance (account, balance);

return balance; /=

...$0 jawna

COVAL Systems 121

1
Iq0> W' :0*7vI9n 712
nd'wn N71yo 15 yxan 191 *7an =
balance = get balance (account) ; .(11”“ INIX l1”)
balance -= amount; // 50K-30K
balance = get balance(account) ;
balance -= amount; // 50K-20K
put_balance (account, balance) ;
return balance; // = 30K

put_balance (account, balance) ;

n

return balance; // = 20K

?2'vdy NNy m

COVAL Systems 122

NNAIT TIY

shared in, out TI7 INIX D'VX2N D'OIN QY §

'221 N"YONX D'VIN NO7NN B
procedure echo() ; Dl
read( in, keyboard) ;
out = in;
write( out , screen);
end echo (Y™ a¥n) race condition

.N'I9X NI'X AX'IN NXRXIN

COVAL Systems 123

1270 YT N
nmy o nyw
Tpna n'bnon 3:00
11701 '7>non qo107 Md7n 3:05
19107 1710 a7n np 3:10
a%n Ny nanannnn 3:15
nNIN TN 1pnY 27N noton 3:20
Q17 27n 011N 3:25
. £2%

COVAL Systems

1 e

1
9
if (no milk) then 19107 D72INY 197 PNO V'RWAY
if (no note) then
leave note
buy milk
remove note

COVAL Systems 125

1 p_no oy nwa

if (no milk) then
if (no note) then
leave note
buy milk
remove note

1
if (no milk) then
if (no note) then
leave note
buy milk
remove note

126 1a%n n'yo

COVAL Systems
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2 NN

PN DX D'pPTRY noY NpNS DA'RYUN

Thread A:
leave note A
if (no note B) then
if (no milk) then
buy milk
remove note A

Thread B:
leave note B
if (no note A) then
if (no milk) then
buy milk
remove note B

2 NN Dy n'ya

|leave note A ‘

|1eave note B

|if (no note B) then |

if (no note A) then
remove note B

|remove note A |

® 070N 2W7 N

1
® 3 |nhno
noun'o X7
Thread A: Thread B:
leave note A leave note B
while (note B) do nop if (no note A) then
if (no milk) then if (no milk) then
buy milk buy milk
remove note A remove note B
mpr A ,(race condition) N"INT 2 NS D'RYN DAY DX
1a%n
Al X7—

COVAL Systems 129

COVAL Systems 127 COVAL Systems 128 an I'R
n'wan 17

,2ANYUN IMIX? N"InT-12 D' DD Y B
.DIN'N X797

.0"71172 pNWnY? nwaa run'? —
N9 NI'R NRXINN —
D'AXYNY? NI'Yapn NiYaa LMYy j1an =
.0'SNIYn
JIRXINN DX '00'1'NN0T |9IKA nirn? nnv Y-
Da1) AY9n Nd>Yn YW DN N1an 'Y E

.(D'UII'I-J'IIJI'\Y.I Unnun NI'NIN NNy
Buffers, queues, lists, hash tables —

5
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D'oINN 737 TIP INIX PDNA X7 A 'Y
ANIR 'O Y oINENIN 2"Tan TNR VIN —

I
Youd dalet 8 28 nov 2016 |U|'1|7 yol_}
107 YO MDA QNIYNA AXUNY? UaY TN
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197 YOy
'O 7 YOz Maidn Qnivna aNwn7 vanv Tign

yopn 1) ant Il N0t Tipa INIXK D'90IY
.(romjn

— NIMILVX N'VaNY7 D'YN
Atomicity
(N nidw)
NITIPO NNTO VIX1 m
D'oIN,TNX VIN "y
0'71>' DI'X DNX
NI'P7N NIRXIN NIKYT
NI AvN? N0 m
n'TTN YN Y nan

— TN NIRY
(entry) N0

COVAL Systems 132
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27NN N'wa? onniaxa

Thread A:
leave note A \
if (no milk) then no"d Tip
buy milk
remove noté\A
\ Thread B: \
0" yog Ieave note B

nX'Y' TR

\

if (no miIk) then|
buy milk
remove note B

L
/
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NI'i¥" NdN

NNT-12 D'Y¥an X7 DOIN CNCTTH YN
(mutual exclusion) LJOMPN YOpn NX
.N0'1DN VU2 0'DONN D'MIYN D'VIN—

,'OMIZN YOPZNN RXI' 'NOIN OINN TWRD —
.012'n"7 0"71>!

(MUTEX) MUTual Exclusion

|1210 "y D'ONIYN YT NNIAY NI2ANN NIY'A [IN210 7¥ N0
NNX N'1DN7 NWAN DX 'aN'07 Nniot 7vnn "lock—unlock”
Ryl
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N Nidn

T
N"INT-12 D'Y¥an X7 D'OIN NCTTH YN
(mutual exclusion) .'OMPN YOI NX
TNINX Y¥27 D'¥YNY D'OIN W' OX S NINTPNN
.020'2"7 NN 1AW VIN L,'OMIPA YOIN
(IIXD'j7 I'N ,no deadlock)

JOMPN YO N2 XXN1 INKR VIN DX K7R
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! qunn... NN NIAIPN

(mutual exclusion) ."OMFA YOFN NN N'INT-12 D'Y¥aN XY D'OIN (NFTTA AN

N7x* 1YY VIN,'OMIPA YOEA DX VXA D'YNY D'VIN Y! DX NINTPNN
(IIND'}? 'K ,no deadiock) .022'n'7
yopa NX Y¥a"7 XNV VIN W' DX (N1AIN
:0"a10 3 .n'7x' Q10a% "0
My vINn — (MWD I'R) no starvation —
n'oy:
DION X7 D'YD 190N INIX qIPY7 TWOK 71X *
vINN DX IpPY7 N1 — bounded waiting —
DION D'MYD 190N 'V YOP7 N0'1DA
1TO '9%7 '0MIZN YLR7 1010 D'VINN - FIFO -
l nivpan
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(locks) n'71yan

2

Y77 NFTYYA AW ANT0aN UK N'¥7IVOoIN N

NI'YPII9 MY NIYXNX2

.71ymn n1snnw Ty nInnna nom — acquire (lock) —

{{/'1-\\ S1vainn nx nnwn — release (lock) —
U

i

:naITa n'y'om release 1 acquire o

2111 j'Tnn vINN acquire INK —
.(InT NI 722) 7IvInn DR TN TRR 0IN P —
L0MIPN YOPN DR Y¥a7 71D —

D'71Y1N02 win'vw? XnaIlT

7122 |12WNN 01 N>'wnY axiIo? antna

int withdraw( account, amount) {

acquire ( lock )

balance = get balance( account );

balance -= amount; }'U"\.‘l yop
put_balance( account, balance);

release ( lock )

return balance;
L T
} ﬁ L

%

BN e
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23



NNAITN JYnNn

acquire (lock) ;

balance = get balance (account) ;

NIN D'Y¥2aN DDMDN MY =
nd'wnn n71ye

balance -= amount; // 50K-25K

acquire (lock) ; ’»

put_balance (account, balance) ;
YUpan DITRAYI Mg nn =

?971yann Nx

release (lock) ;

balance = get balance (account) ;

balance -= amount; // 25K-25K

yinn return a yim =
?'0"pn yopt

return balance; // =0 ?I101 0T DX —

l return balance; // = 25K

COVAL Systems 139

put_balance (account, balance) ;

release (lock) ;

nD'71yI winn

...N'792 ' ,0"71van N7 N DX e
10" Yo 710 71Iyan win 7ax .

21y xp—
T~ ,'29 7IyIn DX °
.0I9N 71IyINnnw aImd—

n'721yan wnn? 01T

:NDIN NNDNNO §
.0 —
.(busy wait) nannn nix717 7y n'ooian —
:NININ 212N YIN'Y B
TN NN NIN'ANY DITAIM DITIRD —
JDINTPNN NIN'VAN T'AN K7 —
.NDAIN NNV K7 —
:n72Y90n NdYYNN DN =

D122 NNAY7 [N DNNW NI7IYDI DRINI 12N —
NI nhaion

.NMIN 1mn 7y oonnon L7-Nm -

COVAL Systems 141

|07 NDONY |'MNN LIN —
SOMEN YORY? 0101 NI

T
D'7IN-N9IP DNNIATX
.(bakery) n'oxnn DnMANO YIT' B
= [Lamport, 1978]
D"M90N1 YIn'Y §
9 5. .190n NjI7 0101 VIN —
0" 77
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1 11r0 :0mv0on NpI7n

Thread i:
initially number[i]=0
number [i]=max{number[1],..,number[n]}+1;
for all j#i do
wait until number[j]=0 or (number[j]>number[i])
critical section

=00 EEM.
" RO
h‘@@@ﬂ

COVAL Systems

N"IAT 12 YND DX DRI j-1ivin B
790N MIX NX DN &

inoy

4 December 2016 143 Ty

1
[1'0"1 :N"0N'0 NM'AY DMBOoN n,‘n'm
Thread i:

initially number[i]=0

number [i]=max{number[1l],..,number[n]}+1;

for all j#i do

wait until number[j]=0 or
((number[j],j)>(number[i],i)) //"91212 'DR? 170
critical section
number [i]=0
.(thread id) vinn "1o0na D'Unnwn

M9YX 1TO = 'oMAIP'oR'? 1 To

COVAL Systems 144
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[7INNN DNMIAZRD DY N'Ya

Thread 1:
number[1]=0
read{number([1],..,number[n]}

Thread 2:

number [2]=0

number [2]=max{number[1],.., number[n]}+1 // =1
wait until number[1]=0or ..

critical section

number[1]=1
wait until number[2]=0
or (number[2],2)>(number([1],1))

critical section
‘!;;;?
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3 [r'on :nmnvon npin

nD"Moon Nna! entry-: D'uinn 75W ndnNn
Thread i:

initially number[i]=0;
choosing[i]=true;
number [i]=max{number[1l],..,number[n]}+1;
choosing[i]=false;
for all j#i do

wait until choosing[j]=false;
for all j#i do

wait until number[j]=0 or

((number[j],j)>(number[i], i));

critical section
l number[i]=0 // Exit critical section

COVAL Systems 146

DNMIAZRN NRID)

JTTH AY'an nrvan Y
0P YO N0 (DAY I'N) ANV
.0Yan 1710 '9% (NI IX NIND)
72710Nn
D'INYN Nn1n ,J'II'7I.UE) nann =
D'uiNN 190N Y n'xpo =
(busy wait) nannn niIx?17 72y oolan =

...0"an / noIn 'a DIR'MY? NNNX DDA T
.ninan ATy

BN N
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:D'D'7NN |'2 DIN'TD
NMTpPNN NIV'Y

D'71yIn vIin'%? nanina vin'v 0
:DIN'MY? N7V90 NdYN 1IN O
NN "INYnN ,0NI9N0

148
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¥ 2N 7121 niy¥nxa
...0"NNA D'VIND

= FREE

|
N'od Nn'on 071y winn
lock _acquire(L):
disableInterrupts() nylin Nip'os nn'on =
while L#FREE do nn'vani D'OIN NO7NAN
enableInterrupts () 21y 7Y NMILX 7Y
disableInterrupts()
L = BUSY NI7'09 DIYOXN NnY? =
?2ax7170 ma
enablelnterrupts ()
lock release (L) : busy wait yam :queue lock

COVAL Systems 14

?N1;7'09 Nn'on

T'N' TAYN 0y NOAynd Ni‘Yya =
.NINION NI7*09N TWKD Nj7ONN NdIN —
TIA'RY NTIN NIUWN NIR'0D —
.0wixa nyn? oo /O niprooa 719r0a 2ty —

nn'ona T X7 ,0'"TAYN NAnNd DY NidAyna =
JI'oo
D'INKX D'TAYN 7¥ NIR'0S DIon? [N X7 —
(01w o'Tayvn 7v) naar-n yn's o' o'oin -
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D'71Y2N2 NN NO'MN

19 7wan — L =false —
oion 7ym - L = true —

test&set(boolvar)
boolvar -7 true am> —
DT W TN
lock_acquire(L):
while testé&set (L)
do nop

lock release(L):

L = false

COVAL Systems 151

nmTeRNN NN N>'Mn

compare&swap (mem, R;, R;)
7V DX QM ’Rl quom? ant TV mem |N2'TA NAIMD1 DX —
anYxn TNl RZ Q00N WK
179 TN MNNR —
.IA32 ninivpunINa wninn

load-linked / store conditional
.mem [IN3'TN NAMd2 )Wn DX X1 — LL (mem) —
LL (mem) -0 TXN mem -7 N2'ND NN X7 DX — SC (mem, val) —
(117w2 NINKR) DNY¥D TN mem -7 val 7Y 2N )79 [INNKD
NNIVPLVDIX NN YNINn
HP's Alpha, IBM's PowerPC, MIPS4000 -

COVAL Systems 152

Spinlocks

:busy waiting niyxnxa 27yin win'n =
.(Mmwn?% nwa 1-72v) o195N 71vInn oxN 1T —
.Y 2172 ,019N 711NN DN —
...D"7IN-N9I7a DA —

MTATA TINN B
.CPpU AT T2TaN 019N 71YINn D n'7anw vIN —
.DTPNNY 710 X7 71102 P TN VIND DTN AT —

I'Mnna VINY? YWND :priority inversion

COVAL Systems 153 ® .nnIa nioTY

aNI' 0'NIAAa DOIXR'ND 11221

X .0nMnnn D'OINA Y Im YmaY =

:0"'7'Y DIN' 122N X¥N) B
DMIdNo —
'NIN 1NN —
DnMIvIm ...
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T
Babylon English:Hebrew Y 11910 7Y NI71Yo
Babwion German-Endglish
semaphore * 11910 dictionary .
NNIX? NIYNT [D07 072711 NNINT ('9) Probe (die) walt(semaphore)
19001 - trial, test; trying experience; test period,
:J'“Tw IJW rnhatinn, cnnditinnal release fronm jail 1-], nmn jj_\) NNX |'L‘)|7Y_] -
Huring which a criminal is under
NO'® 1960 RIVATL IB'0 ,093T-NIn' (") oYw Y — upenvisinn nf a probatinn nfficer; ¥ DWW TV DTMnn —
1 ehearsal, praclice session lur g

TII'H? 07272 @I 70 NO0ILN: NIEgn
(0'18nn NINA) (MTAI 73T NVLN NIK 757) / nin v N -
0'9NIYN 0'IXWNT MY ONNY? Bownn 721 DN 0N
HAMIN A0 Pp0) Rin'e0 11 111101
(nNnA NIan N7 191 BI'Yl

[Dijkstra, 1968]
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1% 1'K 1I9NnoN
@ Proben P() baxim -

erformance; assay

Balndon Dutch-English

| ver hngen

- heighten, put up, Make higher, raise,
hdvance, increase, enhance, send up, lifl,
prall, augrmsnl

signal(semaphore)
1-2 namn W N 7Tan —

TAX X NNWN —
.07'nnnn

verhogen ,V() pa X1 —

COVAL Systems
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0"MI9n0 Ny 17N TN N

.0'0INN Y7 ANT TIR
.1 2'7NNN2 ,0KToBuyMilk 1IONO
wait( OKToBuyMilk) ;

if ( NoMilk ) {

Buy Milk; // critical section

signal ( OKToBuyMilk) ;

yoj'7 01007 N1 < 0 < 195n0n 7Y DX
LG HA!

121 ,0197 119n0a < 0 2 N19non 1Y DX
0'2'NNnn 190n Xin (V7NN Y1)

COVAL Systems 157

N1 1I95NO0I1 MK NI9N0

INI'2 NI9N0 =

J9NNn'onn Wwn DA AT ;1= MNnn W —
(v nnim) akwn7 NIy nwa WoORN —

N1in 1I5no =
.0<N m7nnn 1w -

.00t o'pniy N oy akwn 7y 071w —
PN W' Ty 73 119no0a wait() vt 7ot vin -
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ANYUNN 7Y o

22X / DX ntva ananT

[IN2'T 2NN INIX2 D'XY D'OIN MY
nm'wn ,7wn?) 719107 n'omx xm e —
( I

TIX Y¥In ,7un?) 0'omoRa 7o0n pavn —
(nim'wnn

D'NxYN NX 70 ("7ayn) nion )N

.0"XI'mnN
0'DMN n'om'nn 190N

n-1
L] | IOIOIOIOIOIOIOIOIQI

NXan 'I]91 DI7YJ'\

Xan |3IYJ1 U]YJ'?NW

BN N
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5

?Px / X ntwa% jNno

global variable
int ¢ = 0;

Producer:
repeat
wait until (c < n);
buff[pp] = new

item;
pp (pp+1l) mod n;
c=c+ 1;

until false;

COVAL Systems

Consumer:
repeat
wait until (c 2 1);
consume buff[cp];
cp = (cp+l) mod n;
c=c-1;
until false;

??7?c¢c-7 n"anT-12 D'Wa DXI

DNISN0 DY PN / Ny

semaphore freeSpace,
initially n

Semaphore availltems,
intiailly O

D190 Ninigna 190N

D"DINN DMA'RN 190N

2 D'JDI)/D'N'\I.’I -nNAIT

D'2ANId> D'VINI 'R D'OIN
nT-12 XN 071D 0roIn 190N B

BN L e

12AND' D'INKX D'UINY QI0KXR ,AND VIN TYUNXD B

Producer: Consumer:

repeat repeat Reader | Writer .|N1|-" |Nl|
wait( freeSpace) ) wait( availItems) ;
buff[pp] = new consume buff[cp]; Reader v x

item; cp = (cp+l) mod n; . 5
p;-> = (pp+l) mod n; s:f.gnal( freeSpace) ; Writer % % nY'a nnov
signal( until false;

availltems) ;

until false;

COVAL Systems 161 COVAL Systems 4 December 2016 162 Ty
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\ v DMI9N0 Dy DN / DRI

int r = 0;
semaphore sRead,
initially 1
semaphore sWrite, 127 D'XIP "2 NTTA AYan
initially 1 nann

(onxy? nann i)

Reader:
wait (sRead)

0'XVIFN 190N "IN
D'X1IPA 190N NN Yy |an

?0M19n0 7Y ('0IIN'M) WIN'NM

struct semaphore t {
int value;
queue waitQ;
}
void signal (semaphore_t *s) {
void wait(semaphore t *s){ s->valuett;

s->value--; if (s->value <= 0){

COVAL Systems 16

Writgr: . ro=r+l if (s->value < 0){ P = deQ( &s->waitQ);
v['aiir:é:?rlte) if r=1 then enQ(self, &s- wakeup (P) }
© . wait (sWrite) >waitQ) ; }
signal (sWrite) signal( sRead) j block }
@ [ [Read] }
2 wait( sRead)
@ r:=r-1
if r=0 then
signal (sWrite)
signal ( sRead)
COVAL Systems: 163 COVAL Systems: 164
1 | ios
? busy-waiting n'n
1 " 1 1
[i?'n :0*I19N0 7Y winm 19007 1"wn N7 awnan W atva vty =
value '
struct semaphore t { ags
int value; ...busy waiting w' Ty =
queue waitQ;
lock_t 1;
} .
void wait (semaphore t *s){ void signal (semaphore_t .1!? lul'\l-’n UUfln I1:-“---
lock (&s->1) ; *s){
svaluenr; lock (ss-51) ; Amn VYR TINY /0w -
if (s->value < 0){ ?;”(’al:e*'? « 0y 1Y N'INT-12 NTIAY NTNNY D NIDN7 TWON —
- if (s->value <=
aiegy SLEr €2 ® - de0( sa- M-K7 AN 9w Nz
unlock (&s->1) ; >waitQ) ;
block } wakeup (P) }
unlock (&s->1) ; g
l else untock(es=>1) ) l .nnovpm busy-waiting 7w npYwnn <

COVAL Systems. 4 December 2016 166 T

i o' ''nn'P, w n'o2nY? N1 TXD B
?m"o' D"INNA DY XY
UXIN VIT X7 DI'ON YTO —

NN QM

aiwn o'yxan Py... Py nD'7nan =

'2 nixxm'? 'nnn P, "7%0n =
21997 'nnnY DI'Y 197 pwnn
@ JIRXINN YXINN 1R Avnn PA -

COVAL Systems 4 December 2016 167 Ty

D'I9NO0 DY NI'I'7TN qA aIx"

'9-2y 'mnn PA"%an =
0N2 D'7ANN 190N
AN NIN

y¥an 0"'onv '7nn =
.signal

------- TIAY' DNMIAZND DN B
n"o' 1Inw'?D P, ox Da
PA w 194 signal yxan
?wait -7 xap

COVAL Systems 4 December 2016 168 Tiny
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D'INX NI'I7N 'O

ax¥nn 0'ysh =
190 KIn
pannn oD'7an N —
197 TNX '7nNY
LYo 'nnin? 11

D'axXn Da IdDN'" =
.N11N2 020N
'90n TN X7 —

@ n"M19no 7w nnnon

Ny
L

D'TI9N X1 m
N7 —
.NInnn —
.0axwn 71N —

®C

N2I0 A'¥PAVOAN D'7950N DI'X DMISNO B

M2 R T2 AMmN N1ann 17 7vann 1 wp —
1"78n

p TTIANI9N0 -'NIN NNYN2 ¥Uaosn NiTii Ani' T ji'ya =
COVAL Systems 4 December 2016 169 Tiny COVAL Systems: 4 December 2016 170 Ty
I I

NI "IN 7y ni7iye

:wait(cond,&lock) —

(12 'TNn7 2"N) 7Iwvann IR NNY ¢

.signal n721yo7 Innn -«

(712 'TNn ATINWD) 7vank nnn ¢
:signal(cond) —

'MNN% 721w AWK cond 7 0NN TNR DX W e

Hiym*Y

.0'1'NAN 'K DX TIA'R7 170 *
:broadcast(cond) —

.D'NNNN 090NN 7 DR WD .

L7 'mnn? oMy -

.0'2'NAN 'K DX TIA'R7 170 *

COVAL Systems 171

nNyn 'XIN 1Nun

21IyInn NX 73y 'K XA signal '72pn '7an wno =
IMAWA? NIdDNYT X ' TVI,'VNIVIX [9INA
(wTNn 'RaNN DX PITA7 2N WINND vINN [271) mesa-style —

.0"71y ny X791 0%710 "IN ANwn B
Jock 7wvinn nx nnnwn oI wait(cond,&lock) —

.N11V0o'A DIT X7 signal ,0"1on0"% TIama =
.cond 7y D'1'Nnn 'R DX TIA'R? 7710 signal(cond) —

COVAL Systems 172

1IN UIiN'M — RNAIT

lock QLock ; 4NN YN D'NNN B
condition notEmpty;

Enqueue (item): nwnan 7 AN 'y =
lock_acquire( QLock) .0mYy
put item on queue
signal (notEmpty)
lock_release( QLock)

X 'oMp yop .

AYONN 'NIN NINYUn =
lock_acquire( QLock) MR QOoIN'Y TV npnnY
while queue empty busy- y¥a% "an A%
wait (notEmpty .wait
, &QLock)
remove item from queue
lock_release( QLock)

COVAL Systems 173

Dequeue (item):

BN L e

?while ¥ nn% =

NI ANWN DY DY/ Ny

condition not_full,
not_empty;
lock bLock;

producer:
lock_acquire (bLock) ;
while (buffer is full)

consumer:

lock_acquire (bLock) ;
wait (not_full, sbLock) ; while (buffer is empty)

add item to buffer ; wait (not_empty, sbLock

signal (not_empty) ; )

get item from buffer

signal (not_full);

lock_release (bLock) ;

lock_release (bLock) ;

BN e
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COVAL Systems:

101N = 21y + 'Xan Nwn

.A.R. Hoare, 1974] 'NAN "INWN 7¥ Mipnn Ywjpan &

27100 ,(object-oriented NIDN-NOY W [2IN2) LP"AIN B

AU 72INNX NITXYND
(wn19n-K7 |91X2) 71VIN2 NOY NN VM ARYT NYAN —

NUMYN NN NN 71VIAN IR NNNYA signal NNYY —
.signal N 72707

21 Java ,|jux1al) NiMTIn NNDN-NIBY ANd1A NN
l .(C#, Visual Basic 120 .NET nnaisv792 niswn

175

COVAL Systems 176

(pthread_mutex_XXX) mutex locks =

(pthread cond xxx) condition variables =

POSIX a2 niIx'n nmam
DIXN'MY? D'OPMAIN B

Nivnn [ND'T 0'RX¥N) —

.01V 070N YW D'oING 0w —

init, destroy :nTnwn ,n'x —
lock, unlock, trylock —

init, destroy :nTnwn ,n'x —
.wait, signal, broadcast —

BN N

COVAL Systems

Windows NT-a nIx'n 1112n
VPN NID d72Y9aN NdAWYNAI MY D E
DIN'N
NNYY I/ PN [N —
D'"TNI'N D'UP"MAIN B
N 71y —mutex —

broadcast-7 nnwox ny) 'xan ninwn — event —

(orrmnin 75 N '
] X7 ,nm 11ono — semaphore —

Tvimn light-weight mutex — critical section —

3’7NN INIxa 0'oinY

177

[INO'}?
Deadlock

COVAL Systems 4 December 2016

178 Ty

BN L e

COVAL Systems

O'NXYI]

[IX9'7n Ny =
NNAIT —
JIX9'7'7 D'XIN —
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