wAlaafsagaiaduin 8 fuenauw 2567

CPU and 1/0 bursts

L]
-~

load store ;
add store » CPU burst
read from file
<
wait for /O > 1/0 burst
store increment
index CPU burst
write to file
wait for /O <’> IO burst
load store
add store - CPU burst
read from file
-q:
- wait fa:-';-fz’céfl - I/0 burst

-



frequency

CPU-burst Duration

160

140 |

120 F

—
-]
o

24
burst duration (milliseconds)



Preemptive Scheduling

CPU-scheduling decision may take place under the following four circumstances.

. Running state -> waiting state (I/0O request or waiting for a child)
Running state -> ready state (interrupt)

Waiting state -> ready state (I/O complete)

. A process terminates.

£ WNBE=

Case 1, 4: no choices, scheduling must take place.
Case 1: process suatfasenuiuau Susalald wazia I/O wait

Case 4: process #suatifawmgauinen susalild ez terminate udn

Case 2, 3: the running process has 2 choices, continue or break.
Case 2: process ﬁ%umgu' azlsivgafile visenanld process 7 interrupt 1414 CPU
Case 3: process ﬁ%umgu' azlsivgafile visenanld process 7 1/0 complete 814 CPU

g scheduling wwwiznsti 1, 4 zandt nonpreemptive siza cooperative OS

fldzesly preempt (8n CPU) manz process #suatanaaszdiain system call dlsiiada
fmganaene data structure azwsls uazdlelsiflanfaunsdaatlestu critical section #ae (quwsialil)
Fudtloymlugausnia 14 kernel fivih system call WiaSasuysafiew udaresfu CPU



Kernel mode vs. User mode

Least privileged

Most privileged
Device drivers

Device drivers

Applications



Dispatcher

¢ Switching context
¢ Switching to user mode

® Jumping to the proper location in the user program to restart that program

Linux 14 SW vin CPU scheduling luian O(1) ligufusiuiu process u ready queue

}

CPU

P1 Scheduler

Dispatcher P2

1

Save CPU state of P1
Restore CPU state of P2



Hyperthreading: revisited

* 5is process uaz thread snsild CPU scheduling (waailu thread siswus)

* Hyperthreading azuaan OS ifiuinii 2 logical processor #ivinauiludaszarniu ¥inlw
CPU scheduler awunsald thread aslidvinaeuls 2 thread wiau 9 nu (wslsisnTusnasldasla
wianiufils) wifia3euaa 2 logical processor lilavinanuiluaaszarniu wasl physical
processor \isaivingie 2 thread saulalan

14 HW fedl PC uax registers 2 qn

P ldunuas switch 18wy lusiadanamn scheduling an
{ | ‘ wmanzdudue 2 thread sia 1 phyical
I processor laaullvnan thread laae
Save Restore
T1 T2
T1 T2

l

: T1 #n I/O block s7e uus time slice v3e terminate
iseazlsfinuivinlidemen execute Aavaduluvin T2 laviun
wazizan CPU scheduler (idwzansuas) v thread saldun

|
|
|
|
|
|
: CPU scheduler aan T2 14 logical processor siagns
|

» CPU scheduler aan T1 15 logical processor siausn



Tuuniliandn process aa Andau Linux i s dusu
process niadanislunandu 9 lild process fiuuiuuan
LarFassan i terminate was wiu word lusu

Linux 1w OS wuu multi-user 8514 remote login wdun
Wi 7 uld Aeuasauladnagld Scheduling Algo. wuuleas

1
vl A

Az lLTN9lARNgA

pasn1vuanurivisa Scheduling Criteria nau



Scheduling Criteria

#%5n (benchmark) 4» CPU Scheduler #v3alsi
1. CPU Utilization ananngaetraruiie viw 10 Junnneinuan

= (12a1#i CPU busy / waisunn) X 100%
2. Throughput Baanufiviils Saiszananaw (efficiency)
= 4ruqu Process fviasa fa szaziaan
iy 10 process per second
3. Turnaround time luynuasuas process agnlifaNuLaLa5aL59
= mmaﬂmmwmmﬂumsm 1 process liia3a
u‘LIL'J@’]ﬁ’JNVNMNﬂﬁNLLEIL‘JN'&‘J’]\? prOCESS ﬂummutmq
4. Waiting time (in ready queue)
= AeAnIaIaITINTaNaf 1 process mnassalu ready queue
5. Response time d115u interactive systems
The time from submission of a request until the first
response is produced.



A R

Scheduling Algorithms

First-come, First-served
Shortest-job-first

Priority

Round-Robin

Multilevel Queue
Multilevel Feedback Queue



First-come, First-served

(non-preemptive)

Process Burst Time If the processes arrive in the order Py, P>, P;, and are served in FCFS prder,
— we get the result shown in the following Gantt chart:
Py 24 CPU-bound process I/0-bound process
P 3 Py Po | Ps
P5 3
0 24 27 30

The waiting time is 0 milliseconds for process Py, 24 milliseconds for process
P,, and 27 milliseconds for process P;. Thus, the average waiting time is (0
+ 24 + 27)/3 = 17 milliseconds. If the processes arrive in the order P, P3, P,
however, the results will be as shown in the following Gantt chart:

P, | P3 P;

0 3 6 30

The average waiting time is now (6 + 0 + 3)/3 = 3 milliseconds. This reduction
is substantial. Thus, the average waiting time under an FCFS policy is generally
not minimal and may vary substantially if the process’s CPU burst times vary
greatly.

Convoy effect

- All the other processes wait for the one big process to get off the

CPU (increasing waiting time).



Shortest-job-first

Process  Burst Time

Py 6
P> 8
P, 7
Py 3
P, P, Py P, Pro.v.ably.optlmal
waliting time.
3 9 16 24

The next CPU burst is generally predicted as an exponential average of the
measured lengths of previous CPU bursts. Let #, be the length of the nth CPU

burst, and let 7,1 be our predicted value for the next CPU burst. Then, for «, 0

< < i i nas s |
< o < 1, define Weight dnaz@adulnuuinnds

(TaU) Tnyl = & tn + (1 — C\'.)T“.

N TN

Estimated burst Actual burst Estimated burst
AsIn N+1 AseT N AT N



Weight dnazimadulununinnan
Tyl = & ty + (1 - Q)Tn*

N T

Estimated burst Actual burst Estimated burst
Asan N+1 AseT N AT N

Topr = ob, + (1 — ot 1+ -+ (1 — a)jott,fuj + -+ (1 - a)”“*rg.

Actual burst time lusfs uaz weight sasasizen- 1y exponential

Estimated
, . AR T0) P—
(1 continuous) '
Actual i‘j 5 R N E e e Kl T
4
2
CPU burst () 6 4 6 4 13 13 13

"guess” (1} 10 8 6 6 5 9 11 12



a ol v
ANNFNG

Process Arrival Time  Burst Time

P, ) 3
P> 1 4
P 2 9
? P, 3 5
Pq Py Py ' P3 P
0 1 5 10 17 26

wuu preemptive (azls waiting time waandn)

The average waiting time for this
example is (10 — 1) + (1 —~ 1) + (17 — 2) + (5 — 3))/4 = 26/4 = 6.5 milliseconds.
Nonpreemptive SJF scheduling would result in an average waiting time of 7.75
milliseconds.

aavAngI v luun non-preemptive 16 7.75



UINFAN

Priority

maanaes - Process  Burst Time  Priority oriority snr

P 10 3
P, 1 1
P; 2 4
Py 1 5
Ps 5 2

wuu hon-preemptive (vinuuu preemptive ils)

P, Pg P, P3 | Py
0 1 6 16 18 1¢
Problem

Indefinite blocking or starvation
wisng aging (v priority was process n - 1 un)



Round-Robin

Process Burst Time

P 24
J25 3 Time slice = 4
P 3
P3 P P Py Py Py P
0 4 7 10 14 18 22 26

The average waiting time is 17/3 = 5.66 milliseconds.



Thus, we want the time quantum to be large with respect to the context-
switch time. If the context-switch time is approximately 10 percent of the
time quantum, then about 10 percent of the CPU time will be spent in context
switching. In practice, most modern systems have time quanta ranging from

[10 to 100 milliseconds} The time required for a context switch is typically less

than 10 microseconds; thus, the context-switch time is a small fraction of the
time quantum.

process time = 10 guantum context
switches
12 0
0 10
1 L 6 1
0 6 10
N 1 9
0 1 2 3 4 5 6 7 8 9 10



average turnaround time

125
12.0
115
110¢
105 |
10.0
9.5
9.0 |-
P2 8 4 5

time quantum

\fim context switch iiag Tl
Turnaround time wn time sharing

GH k)
< >

Time quantum
(time slice)




Multilevel Queue

1) dAuuld empty azlidaswnvinAaans
2) vizaazlyi time slice wsazAalawindu

highest priority

lowest priority



Multilevel Feedback Queue

-

mMlugiali 8 ms

NURDAITN9LUIN

>

mldiasalu 16 ms

o dl a ¥ !
NILHBAIUINLUIN

5l lvwum CPU burst s
{lu CPU-bound process
Tidaavin time slice uan lidx



Cloud Computing

* |nfrastructure as a service (laaS)
e Platform as a service (PaaS)

e Software as a service (SaaS)

Virtual Machines
(Windows, Linux)

Amount
of control
over
resources

Software Development
iu https://www.heroku.com

Google Apps
Microsoft Office 365
5  Gmail, Facebook

Ease and Manageability
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webservices™
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Google Cloud HUAWEI

ada (US) / enda (EU)



SR Fixed-Size XS

B150

MONTHLY

CPU 1 Core
RAM 2 GB
SSD 30 GB

1 Gbps Shared

+" Unlimited Data Transfers

SR Fixed-Size R1

B250

MONTHLY

CPU 1 Core
RAM 3 GB
SsSD 60 GB

1 Gbps Shared

+" Unlimited Data Transfers

B% Fixed-Size R2

B500

MONTHLY

CPU 2 Cores
RAM 6 GB
SsD 120 GB
1 Gbps Shared

+" Unlimited Data Transfers

B% Fixed-Size R3

B1.000

MONTHLY

CPU 4 Cores
RAM 12 GB
SSD 240 GB

1 Gbps Shared

+" Unlimited Data Transfers

SR Fixed-Size R4

B1500

MONTHLY

CPU 5 Cores
RAM 18 GB
SSD 360 GB

1 Gbps Shared

+" Unlimited Data Transfers




1 CPU [core]

1core =100

2  RAM [MB]

1024MB = B20

3 SSD[GB]

1GB = B2

Change billing cycle

160.00 THB Monthly

L

Total Recurring:

160.00 THB Monthly®

1024

20
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dacdoshevtes  aduvauu » Tne » OuBvavdu - avsounlsraulva

sy nans  1Bous  IASauwAm  AWS Marketplace mswoauunandh  dsoowwau Q)

AWS Management Console MWsoU AMUALUG Amufiwudou

AWS Management Console

L | -~ v B — il = =
nnaonAcudovidiumsidnnoua:oans AWS Cloud tusulaasiwalu
lal3l}

SOGBWE

. - o = oy
UdrySatguadislnu avtowdls

AWS Management Console * p:upuAMUNIOUA:ANUENUDY AWS Akbolns
iStunsuWwolaeskialnsAwnDofiovovAuddewasiavulSuURUapasTeLa:L mws>uuav Console

fivlddie AuwuusMstkia SamsriodtyBuovany as1ouweUwalAsulkl La=sou
* Auwulaznoaaulisusmsvoe AWS ndn

150 sremsiolliknaasolEwWELINLIE

~\ *  F50UDUWALATUUUSIUUAEIDGOUDDAT
/El % ' /—~\ uaudioya AWS lafldnolan
&/ (@)

$38MsMOIUALINTUNIUALGDY AWS

. * JOMSUA-OSIDADURIG MsSIBUSMS
\_/ AMW ta=MsIiUAIUEMSSIELdDU

s SupDWBDENKADIU Console 21N AWS
Support

o o

-

FR—

D\
https://aws.amazon.com/th/console/




(eI

Compute

EC2

Lightsail &=

ECR

ECS

EKS

Lambda

Batch

Elastic Beanstalk

Serverless Application Repository

Storage

53

EFS

FSx

33 Glacier
Storage Gateway
AWS Backup

Database

RDS

DynamoDB
ElastiCache

Meptune

Amazon Redshift
Amazon QLDB
Amazon DocumentDB

&,

Robotics

AWS RobotMaker

Blockchain

Amazon Managed Blockchain

Satellite
Ground Station

Management & Governance
AWS Organizations
CloudWatch

AWS Auto Scaling
CloudFormation

CloudTrail

Config

OpsWorks

Service Catalog

Systems Manager

Trusted Advisor

Managed Services

Control Tower

AWS License Manager

AWS Well-Architected Tool
Personal Health Dashboard
AWS Chatbot

Analytics

O

Athena

EMR

CloudSearch
Elasticsearch Service
Kinesis

QuickSight

Data Pipeline

AWS Glue

AWS Lake Formation
MSK

Security, Identity, & Compliance @1@

1AM

Resource Access Manager
Cognito

Secrets Manager
GuardDuty

Inspector

Amazon Macie &

AWS Single Sign-On
Certificate Manager

Key Management Service
CloudHSIM

Directory Service

WAF & Shield

Artifact

Security Hub

el

Business Applications
Alexa for Business
Amazon Chime
WorkMail

End User Computing
WorkSpaces
AppStream 2.0
WaorkDocs

WorkLink

Internet Of Things
loT Core

Amazon FreeRTOS
0T 1-Click

10T Analytics

loT Device Defender
loT Device Management
loT Events

0T Greengrass

loT SiteWise

loT Things Graph

Game Development

Amazon GameLift
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https://www.youtube.com/watch?v



AWS Lambda

SuniBlAQlagludooAtuivBESWIDDS DiglawIlDaIMSUS:UdaNaNANIS

Buduidviu AWS Lambda

e

~l

|

T

P4
=

o dl % Y Vv o t;/
winziunsesn s W uulsa A de
14 fix cost anssunuly

]
e g

https://youtu.be/eOBq__h40J4
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