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Main concepts from last time
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Main concepts from last time

Operating
System

Sends it commands

for data needs  cpy relies on controllers

for operations Processors communicate
to other parts via

Communicates and
Sends Data via

Loading

Creates and

Builds a process
manages

Primary job is to run

A running instance of a

Receives a dedicated
working space

The process of converting a
static program to a process

«[ Address
"\ Space

Program Stores its data and pointers in
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Topics for Today

« (Brief) OS History

* Virtual Machines

* 4 Main OS Concepts
— Thread
— Address

— Process
— Dual mode
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Today’'s concepts

Interiace

<\ Ubiquitous 2.
+orograms2
registers W




Very Brief History of OS

 Several Distinct Phases:

Hardware Expensive,\ /Hardware Cheaper, ) /Hardware Really )
Humans Cheap Humans Expensive Cheap, Humans
- Eniac, Multics *PCs Really Expensive
» Workstations » Ubiquitous devices
* Rise of GUIs » Widespread networking
\§ AN AN %
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ENIAC (source: US Army)
;’ak&\ ‘-'J‘;u
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IBM Beginnings

“I think there is a world market IBM type 704 (source:
for maybe five computers” NACA)

o Attributed to Thomas J.
Watson in 1943

* Probably never said, but
In 1953, IBM assumed
only 20 prospective
companies could buy the
IBM 701
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The First GUIs: XEROX

By Source (WP:NFCC#4), Fair use

EPiease mALE B SeMCton f0N

Displays for Office Automation -

Cil Production

Large, High-Resolution, Bit-Map
+many uses at same time
« text and graphics
«display like printed paper

- 1984

[} 7a Mao

Tnahsre davign, vehinh o pplias Vo men s o
w—pies grphin sydume, Py Ba vl
o ik v aanmsary bu 8 geed wr
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Today: Hand held

Image source: Blue lon
http://www.blueion.com/blog/2014/01/07/too-big-to-ignore/
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First computer in IDF

puter in the IDF

“Philco 2000” Computer Model 211 - the first cor
of square meters.

tor.

ael Ministry of Defens

stonishing achievement

tively low

and for the r

Began operational use by the IDF in 1961
I’s full size spread on floor space of ter
The information was stored on a disk the size of a giant refrige
Computer's memory: 16KB with an option to upgrade 1o only 32KB.
and-alone computer for the IDF and the
to achieve the vision, and it was a
because of its advanced technolog

on to purchase a central
three years tc

s made In 1958. It took ¢

Philco 2000” Computer was chos
million Israeli pounds).
accompanied the arrival of the cor

tronic brain and its abilitie
vapers publi

ael

but there were some who expressed
a new

uter to Is
i an article with the ttle

ec
commander claimed that

w
The
price (1
Large headline
There were those who praised the e

enticism against the decision One of the Israell new g
“Brain there is, Intelligence there is not”. The Israeli Air Fc
runway would contribute much more to the IDF's capabilities
The IDF and the IMOD's Computers Pioneers operated with almost no knowledge

In their decisions and actions lied fierce and long-term vision
The purchase of the "Philco 2000" brought the State of Israel to the central computing technology era

TIND JIWRIT 2WNNN - 211 1T "2000 179" awnn
1961 MWD YU TN wnha o
TWIPIAT TION WY 70 HONN NOW Dan Rnn oo
PIY TIPD 7w TTO0 povt Y o yenn
TA72 32K8 - 7 171N MNWSN Y 16KS W00 [t

1958 MIWI N73PNN PROTIN MW7 77INT TNOYY 1370 AW00 Wt aennn
N9IPN AMIN 7W DN P NO9HN 1 AT pima DDwIn Wi 1270 o wb
TOM 71 710 7w 121 INWENNG - TR - ROTPIDN 7000 2W3 0a Ener awnn
IR T im0\ S)
TN PM710M HIUP7RA MDD AR INIWW 0 1D 30700 IINISA i O 3wnnmn 79 myan
7NANTY NIAPH IMNMPT W 0w
N TIW A I ANNITDW AN TSN TN e
27T W PIITIINY IND S00 B0 Wn
YT NT7 0P0D Y799 7UIND INUTMIN N3O TRunnn. Y Whn

TNADA 71700W WO TINA YN Tpen

IR ANOT IR MWK TTHT IMNNG Bnsyna nnenn.
TMIINN TIWARD AMNT7II07 780U TV IR M0 P78 2Wnn nuean

SE 317: Operating Systems



First computer in IDF
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Evolving Hardware & OS

Batch

-

~

Multiprogra
mming

/

4 )
Timesharing
\_ J

-

Graphical
Ul
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-

Ubiquitous
Devices

~
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Making new OS Is expensive

Small OS
e 100K lines

Large OS

* 10M lines
* 5M In a browser!

person-years

100-1000

of effort
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OS Archaeology

* Because of the cost of developing an OS from scratch, most
modern OSes have a long lineage:

* Multics > AT&T Unix = BSD Unix = Ultrix, SunOS,
NetBSD,...

* Mach (micro-kernel) + BSD - NextStep - XNU - Apple
OSX, iPhone i0OS

 Linux =2 Android OS

« CP/M-> QDOS - MS-DOS - Windows 3.1 = NT - 95 - 98
- 2000 - XP - Vista > 7 - 8 - phone - 10 2 11...

 Linux 2 RedHat, Ubuntu, Fedora, Debian, Suse,...
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So Far

« (Brief) OS History

* Virtual Machines

* 4 Main OS Concepts
— Thread
— Address

— Process
— Dual mode

2 Nov 2025
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Virtual Machine Abstraction

-

ﬁ Application

Y ﬁ Virtual Machine Interface

{Operating System

ﬁ Physical Machine Interface

{ Hardware

« Software Engineering Problem:
— Turn hardware/software quirks = what programmers want/need
— Optimize for convenience, utilization, security, reliability, etc...
 For Any OS area (e.g. file systems, virtual memory,
networking, scheduling):

— What's the hardware interface? (physical reality) Hardware
Abstraction Layer (HAL) hides

— What's the application interface? (nicer abstraction)
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Virtual Machines

« Software emulation of an abstract machine
— Give programs illusion they own the machine
— Make it look like hardware has features you want

* Three types of “Virtual Machines”

— Container: Isolate processes from one another at the file system
and environment variables

— Process VM: supports the execution of a single program; this
functionality typically provided by OS

— System VM: supports the execution of an entire OS and its
applications (e.g., VMWare Fusion, Virtual box, Parallels Desktop,
Xen)

Java
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Containers

- Virtual Machine light (VM--)

— Less isolation than full VM
— Shared physical resources (scheduler, main memory)
— Separate parts of file system, OS libraries

« Popular for isolating applications and reducing potential

conflicts
S

Linux Linux containers Home LXC LXD LXCFS | distrobuilder =~ CGManager

oerver
{ Sylabs.io

SINGULARITY

& kubernetes
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Process VMs

* Programming simplicity
— Each process thinks it has all memory/CPU time
— Each process thinks it owns all devices
— Different devices appear to have same high level interface

— Device interfaces more powerful than raw hardware
« Bitmapped display = windowing system
» Ethernet card = reliable, ordered, networking (TCP/IP)

» Fault Isolation
— Processes unable to directly impact other processes
— Bugs cannot crash whole machine

* Protection and Portability
— Java interface safe and stable across many platforms

2 Nov 2025 SE 317: Operating Systems
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System VMs: Layers of OSes

« Useful for OS development

— When OS crashes, restricted to one VM
— Can aid testing programs on other OSs

application application application application
guest operating guest operating guest operating
system system system
(free BSD) (Windows NT) (Windows XP)
virtual CPU virtual CPU virtual CPU
virtual memory virtual memory virtual memory
virtual devices virtual devices virtual devices
virtualization layer
k 4 h 4
host operating system
hardware
CPU /O devices

2 Nov 2025
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How It looks

@ DuckDuckGo X =+

€ ()& hitps//duckduckgo.com @  Q search W B ¥ H

Cornpurzr

Horne

DuckDuckGo

The search engine that doesn't track you. Lear|

J|a] | 2 OB G110
@O @ =i @ (®) rgtc

‘ Menu iy

11:04 AM I:‘
27-Oct-16

N D w7 ENG
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Why not in a browser?

[l Oregon Trail, The : MECC:... X == - X
+* &  https://archive.org/details/msdos_Oregon_Trail_The_1990 c Search ﬁ' B 9O ¥ A =

& SIGN IN

ARCHIVE

Downloading game data...

!—
[£3]
=
(- 4
w
-
=

Game Metadata
Game File List
Emulator Metadata
Game File (1 of 1)

Oregon Trail, The

by MECC

Published 1990 @ stream Only

PLEASE NOTE: Due to a bug in Chrome Version 51, Oregon Trail does not work in that
version of Chrome. It is expected to work in Version 52. The program continues to run in
Firefox, Internet Explorer, and Safari, and in Beta/Canary versions of Chrome.

Published by

Of course, this is sandboxed...
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VM inside a VM

‘ VM ‘ ‘ ‘ VM ‘ OO0

| F,
1 /
f
] |
: 1
— = A TRTR T Ty T TR R L

Image credit: Ravello Systems

CPU MEMORY METWORK

MESTED VIRTUALIZATION EMGINE

~TITTTINTIT L -"}E"--_ e

I.'_ L I-—'\.II | ['\.I I_- -_I '-II ._.'
L L F [} ]

Why not run a VM inside a VM?
Turtles all the way down...

HVX
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VMs in Action

Shared
hardware for
servers

Every cloud
service provider

Rapid
provisioning,
scale up, and

load balancing

Data Centers
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So Far

« (Brief) OS History

* Virtual Machines

* 4 Main OS Concepts
— Thread
— Address

— Process
— Dual mode

2 Nov 2025
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What is an OS, Really?

Most Likely: What about?
Memory Management -« File System?
/O Management * Multimedia Support?
CPU Scheduling « User Interface?
Communications?  Internet Browser? ©
(Does Email belong in
0S?)
Multitasking/multiprog
ramming?

Is this only interesting to academics?
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https://xkcd.com/1118/

REMEMBER WHEN WE PROSECUTED MICROSOFT
ﬁ]ﬁmmﬁmunnm 057

IMAGINE THE FUTURE WE'D LIVEIN IF
WED BEEN WILLNG TO LET ONE TECH
OMPANY AMASS THAT MUCH POWER.

THANK GOD WE
NIPPED THAT
IN THE BUR

_J
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Top 10 Tech Companies 2024

Develops their own OS?

Rank

K K

K K

A1 4
v1 5
6

.
8
9
M - 0

A

Name

<X

h

2 Nov 2025

Market Cap Price Today Price (30 days) Country
D!_‘:;'DlA §3621T  $14763 - 0.84% JN = USA
iﬁpb $3430T  $22696 - 0.12% /\..\p"f\"\J = USA
m:fmmft $3.1417 $422.54 0.68% M/‘ = USA
»fgihabet (Google) $2.191 7T $179.86 1.33% MN = USA
’jﬂ?zc’” $2.189 T $208.18 0.89% \A/_,_\/\// = USA
mzta Platforms (Facebook) $1487 T $589.34 0.40% ,-/VW = USA
EMC $1.043T $201.20 0.00% \/W B Taiwan
Eﬁ'a $1.0317T $321.22 8.19% ’\“ﬂ__/\/ = USA
E_Egadcom $857.70 B $183.64 0.09% \/w = USA
E,Z[f‘"e $504.42 B $189.25 1.55% M = USA
can/ !
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Operating System “Definition”

No universally accepted
definition

“Everything a vendor ships
when you order an
operating system” is good
approximation

« But varies wildly

“The one program running

at all times on the

computer” is the kernel.

» Everything else is either a
system program (ships with the

operating system) or an
application program
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4 Fundamental OS Concepts

Thread y

« Single unique execution
context

« Program Counter, Registers,
Execution Flags, Stack

Address Space with
Translation

 Programs execute in an
address space that is distinct
from the memory space of the
physical machine o

]

Process

* An instance of an executing
program is a process
consisting of an address space
and one or more threads of
control

Dual Mode operation/Protection

* Only the “system” can access certain
resources

* The OS and the hardware are protected
from user programs and user programs
are isolated from one another by
controlling the translation from program
virtual addresses to machine physical
addresses

2 Nov 2025

SE 317: Operating Systems 31




OS’ Bottom Line: Run Stuff /

1. Load instruction and data segments of executable file into

memory
Create stack and heap
“Transfer control to it”

OxXFFF..

Memory

Provide services to it

Executable
a.exe

a s~ b

While protecting OS and it

N

Program source code

Data

Dq SmipPopClient - Microsoft Visual Studio | | &7 | Quick Launch (Ctrl+Q) P - B x 4
File Edit View Project Build Debug Team Tools Test Analyze
Window  Help

B2 Debug ~ AnyCPU - P Stat- B M OE S

Instructions

VAN
/ Load and Execute

2/

3 B 2 X g
2 lglﬂlﬂ.CS § \
g |k SmtpPopClient ~ | "%, SmtpPopClient.Program - g
using System.Windows.Forms; + 0
. =
=
—Inamespace SmtpPopClient e
.
Editor {
I O = static class Program g
{ )

ummary > Q Compiler

N 12l

/// The main entry point for the application.
/{/ </summary> g
[STAThread] =
= static void Main() %’
ML { o _ 2
,J 1 Application.Enablevisualstyles(); ?

aApplication.setCompatibleTextRenderingDefault(fals: 3
Application.Run(new SmtpPopClient()); 2

}
}
} v
0% - 4 »
Error List  Output
Ln1 Col 1 INS A Publish = P

Processor

0x000..

OS

Stack I
Heapt

Data

A

Instructions

pc '/

Registers
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The Instruction Cycle

Processor

PC:

Instruction Fetch
Decode

Execute

| Next | Memory
Instruction
W/
[ Decode }
Registers
Data
/

2 Nov 2025
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A

What happens during program execution?

Addr 232 — 1
Data1
<:> Data0
Inst237
Inst236
Execution sequence: Inst5
Fetch Instruction at PC Inst4
Decode nst3 | ¢ pC
Execute (possibly using registers) nst2 | &PC
Write results to registers/mem st | &<PC
PC = Next Instruction(PC) Inst0_ | &PC
Repeat Addr 0
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First OS Concept: Thread of Control

A

Thread: Single unique execution context
— Program Counter, Registers, Execution Flags, Stack

A thread is executing on a processor when it is resident in
the processor registers.

PC register holds the address of executing instruction in
the thread.

Certain registers hold the context of thread

— Stack pointer holds the address of the top of stack
» Other conventions: Frame Pointer, Heap Pointer, Data

— May be defined by the instruction set architecture or by compiler
conventions

Registers hold the root state of the thread.
— The rest is “in memory”
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So Far

« (Brief) OS History

* Virtual Machines

* 4 Main OS Concepts
— Thread
— Address

— Process
— Dual mode

2 Nov 2025

SE 317: Operating Systems

36



Protecting Programs

s

* Problem: Run multiple applications in such a way that
they are protected from one another

« Goal:
— Keep User Programs from crashing the OS
— Keep User Programs from crashing each other
— [Keep Parts of OS from crashing other parts?]
* (Some of the required) Mechanisms:
— Address Translation
— Dual Mode Operation

w Later
Simple Policy:

* Programs are not allowed to read/write memory of other
Programs or of the Operating System

2 Nov 2025 SE 317: Operating Systems
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s

12 Task Manager — O X
File Options View
Processes Performance App history Startup Users Details Services
- 5% 43% 1% 2% 0%
MName Status CPU Memory Disk Metwork GPU | GPU
e
Apps (9)
> @ Firefox (10) 07% 12125 MB 0.1 MB/s 0.5 Mbps 0%
bg It Microsoft PowerPoint (32 bit) 0% 92.6 MB 0 ME/s 0 Mbps 0%
> [ Task Manager 0.4% 29.2 MB 0 MB/s 0 Mbps 0%
? O Thunderbird (32 bit) 0.1%  316.6 MB 0.1 MB/s 0.1 Mbps 0%
bg @ Togagl Track 0% 61.3 MB 0.1 MB/s 0 Mbps 0%
> ' Windows Explarer (4) 0.2% 88.9 MB 0 MEB/s 0 Mbps 0%
> [#4* WinEdt 10.3 0% 17.6 MB 0 MB/s 0 Mbps 0%
> W@ XnView MP 0% 31.3 MB 0.1 MB/s 0 Mbps 0%
> ) Zoom Meetings (32 bit) (2) 0.2% 57.0 MB 0 MB/s 0.1 Mbps 0%
Background processes (107)
> [C] Adobe Acrobat Update Service ... 0% 0.3 MB 0 MB/fs 0 Mbps 0%
ﬁ AlpsAlpine Pointing-device Driv... 0% 0.4 MB 0 MB/fs 0 Mbps 0%
E AlpsAlpine Pointing-device Driv... 0% 1.0 MB 0 MB/fs 0 Mbps 0%
5 AlpsAlpine Pointing-device Driv... 0% 0.4 MB 0 MB/fs 0 Mbps 0%
> Antimalware Service Executable 0.3% 102.9 MB 0.1 MB/s 0 Mbps 0%
. Fael AnMsnFuwd n 104 nA MR N MR /e N Mhne ez, R hd
Fewer details End task

2 Nov 2025
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Threads View

53 ProcessThreadsView - C:\Program Files\Microsoft Office\root\Office16\POWERPNT.EXE = m] X

7F|le Edit View thlons Help
>looBRBE VA

Thread ID Context Swi.. + Last Context Switches Status Base Priority Dynamic Priority  Created Time User Time Kernel Time Visible Windows  Hidden Windows  Window Title ~ Window Class  Start Address Stack Base Stack Limit Stack Size
UserRequest 8 10 08/10/2023 11:10:03  00:00:21.406 5.750 2 16 317-Grading-.. PPTFrameClass POWERPNT.EX 7C940000 'C8A8000  00000000°00098000

8 &

POWERPNT.EX.. 00000000°7DD00000 00000000°'7DCF5000  00000000°0000B0O00

158473 0 8 8 08/10/2023 11:10:04  00:00:00.828 00:00:00.046 0 0 00C

135819 0 UserRequest 8 9 08/10/2023 11:10:04  00:00:02.156 00:00:00.843 0 0 POWERPNT.EX.. 00000000°7DA00000 00000000'7D9ECO00  00000000°00014000  00C

129,816 0 UserRequest 8 8 08/10/2023 11:10:04  00:00:00.046 00:00:00.125 0 1 POWERPNT.EX.. 00000000'7D400000 00000000°7D3FEC00  00000000°00002000  00C

12,521 1 UserRequest 8 8 08/10/2023 11:10:09  00:00:00.000 00:00:00.000 0 0 POWERPNT.EX.. 00000000°00B00000  00000000'00AFEQ00  00000000°00002000  00C
@28676 12358 1 UserRequest 8 8 08/10/2023 11:10:09  00:00:00.000 00:00:00.000 0 0 POWERPNT.EX.. 00000000°00C00000  00000000°00BFDO00  00000000°00003000  00C
@ 25552 3,958 0 UserRequest 8 8 08/10/2023 14:01:29  00:00:00.031 00:00:00.000 0 0 POWERPNT.EX.. 00000000°027C0000  00000000°02788000  00000000°00005000  00C
@ 8108 3230 0 UserRequest 8 9 08/10/2023 11:10:04  00:00:00.203 00:00:00.015 0 0 POWERPNT.EX.. 00000000°7E600000 00000000 7ESF5000  00000000°0000B000  00C
@ 29652 1,100 0 DelayExecution 8 8 08/10/2023 12:55:33  00:00:00.000 00:00:00.000 0 0 POWERPNT.EX.. 00000000°026C0000  00000000°026BD000  00000000°00003000  00C
99988 1,063 0 WrUserRequest 8 10 08/10/2023 12:55:32  00:00:00.000 00:00:00.000 0 2 POWERPNT.EX... 01200000 Y011FB000  00000000°00005000  00C
@24936 988 0 WrUserRequest 8 10 08/10/2023 11:10:14  00:00:01.562 00:00:01.421 0 0 POWERPNT.EX.. 00000000°00400000  00000000°003F8000  00000000°00008000  00C
228412 651 0 UserRequest 8 08/10/2023 12:55:33  00:00:00.000 00:00:00.000 0 0 POWERPNT.EX.. 00000000°01E00000  00000000°01DFDO00  00000000°00003000  00C
@ 17608 384 0 UserRequest 8 8 08/10/2023 11:10:04  00:00:00.000 00:00:00.031 0 0 POWERPNT.EX.. 00000000°7DEO0000  00000000'7DDF000  00000000°00007000  00C
@836 n 0 UserRequest 8 8 08/10/2023 11:10:04  00:00:00.031 00:00:00.031 0 0 POWERPNT.EX.. 00000000°7E300000  00000000°7E2F9000  00000000°00007000  00C
@ 11840 373 0 UserRequest 13 15 08/10/2023 14:1247  00:00:00.000 00:00:00.000 0 2 POWERPNT.EX.. 00000000°028C0000  00000000°0288D000  00000000°00003000  00C
@23292 338 0 UserRequest 8 8 08/10/2023 11:10:04  00:00:00.062 00:00:00.015 0 0 POWERPNT.EX.. 00000000'7E000000  00000000°7DFF9000  00000000°00007000  00C
230372 282 0 UserRequest 8 8 08/10/2023 12:55:33  00:00:00.000 00:00:00.000 0 0 POWERPNT.EX... 00000000°02280000  00000000°0227D000  00000000°00003000  00C
@24288 274 0 UserRequest 8 10 08/10/2023 13:27:13  00:00:00.015 00:00:00.000 0 2 POWERPNT.EX.. 00000000°00E00000  00000000°00DF1000  00000000°0000F000  00C
@27624 253 0 UserRequest 8 8 08/10/2023 11:10:04  00:00:00.000 00:00:00.000 0 0 POWERPNT.EX.. 00000000°7E200000  00000000°'7E1F9000  00000000°00007000  00C
@25692 241 0 WrQueue 8 9 08/10/2023 14:15:49  00:00:00.000 00:00:00.000 0 0 POWERPNT.EX.. 00000000°00200000  00000000°001FB000  00000000°00005000  00C
219660 139 0 UserRequest 10 10 08/10/2023 12:55:33  00:00:00.015 00:00:00.000 0 0 POWERPNT.EX.. 00000000°02000000  00000000°01F06000  00000000°000FAC00  00C
Stack Data:

00000000 7ECFF8AO0 00000000 67E259F0 -> api—ms—win—apqmode]-runtime-11—1—2
00000000 7ECFF860 00000000 BE046960 -> Status: O0x%081x

00000000 7ECFF848 00000000 67E25BF8 -> AppPolicyGetThreadInitializationType

00000000 7ECFF810 00000000  67E25BF8 -> AppPolicyGetThreadInitializationType

00000000 7ECFF7EO 00000000 67E25BF8 -> AppPolicyGetThreadInitializationType

00000000 7ECFF740 00000000 975D33D0 -> QWINDOWS\SYSTEMZSZ\kerne] appcore.dll

00000000 7ECFF6F0 00000000 67E25BF8 ~-> AppPo]wcyGetThreadIn1t1a11zat1onType

00000000 7ECFF6CO 00000000 67E25BF8 -> AppPolicyGetThreadInitializationType

00000000 7ECFF658 00000000 67E25BF8 -> AppPo1wcyGetThreadIn1t1a11zat1onType

00000000 7ECFF650 00000000 BE046898 -> Locating procedure "%s" by name

00000000 7ECFF630 00000000 BE046810 -> m1nkerne1<ntd11\1drsnap o

00000000° 7ECFF5EQ 00000000 BE0468D8 -> minkernel\ntd11\1drapi.c

00000000 7ECFF4F8 00000000 67E259F0 -> api-ms-win-appmodel-runtime-11-1-2

00000000 7ECFE1IFO 00000000 F237EB20 -> JSTimers é70f

00000000 7ECFE188 00000000 67E32770 -> void __cdec]l AI::Transceiver::Receiver_::Main(class std::shared_ptr<struct AI::Transceiver::Receiver_:
00000000 7ECFEOE8 00000000 67E32770 -> void __cdecl AI::Transceiver::Receiver_::Main(class std::shared_ptr<struct AI::Transceiver::Receiver.
00000000 7ECFEODO 00000000 67E326B8 ~-> D:\a\_work\1l\s\src\ai\include\AI/Transceiver/Receiver.hpp

00000000 7ECFEOB8 00000000 67E32770 -> void __cdecl AI::Transceiver::Receiver_::Main(class std::shared_ptr<struct AI::Transceiver::Receiver_::This>)
00000000 7ECFEOAO 00000000 67E326B8 -> D: \a\_work\l\s\src\a1\1nc1ude\AI/Transce1ver/Rece1ver hpp

00000000 7ECFE030 00000000 67E326B8 -> D:\a\_work\1l\s\src\ai\include\AI/Transceiver/Receiver.hpp

00000000 7ECFDF70 00000000 67E31A60 -> D: \a\_work\l\s\src\a1\1nc1ude\AI/Protocol hpp

00000000 7ECFDE98 00000000 67E32770 -> void __cdecl AI::Transceiver::Receiver_::Main(class std::shared_ptr<struct AI::Transceiver::Receiver.
00000000 7ECFDES8 00000000 67E32770 -> void __cdecl AI::Transceiver::Receiver_ ..Ma1n(c1ass std::shared_ptr<struct AI::Transceiver::Receiver.
00000000 7ECFDD50 00000000 67E31A60 -> D:\a\_work\1\s\src\ai\include\AI/Protocol.hpp

00000000 7ECFDD18 00000000  67E31A60 -> D:\a\_work\1\s\src\ai\include\AI/Protocol.hpp

00000000  7ECFDC0 00000000 67E3CA30 -> cdec] AI::Serialization:: EnumItem<c]ass std"vector<enum std::byte,class std::allocator<enum std::byte> > >::EnumItem(unsigned int,enum AI::Serialization::Command,unsigned int,class
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65 Threads, 1 Selected NirSoft Freeware. hitpziwww.nirsoft.net
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Address Translation

« Address Space
— A group of memory addresses usable by something

— Each program (process) and kernel has potentially different address
spaces.

 Address Translation:

— Translate from Virtual Addresses (emitted by CPU) into Physical
Addresses (of memory)

— Mapping often performed in Hardware by Memory Management Unit

(MMU)
0000
< Virtual Physical
Addresses Addresses
CPU p= > MMU
-
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You can't read or corrupt what

s

you can’t ask for
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Example of Address Translation

Program 1 Program 2
Virtual Virtual
Address . Address
Space 1 /' Space 2

Translation Map 1 Translation Map 2

OS heap &
Physical Address Space| Stacks
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Address Translation Detalls

« For now, assume translation happens with table (called a
Page Table):

Virtual — 10—
Address V page no. offset
Page Table
. Access .
index |V .Rights. PA
into
{)aabgfg table located v ! _
in physical |P page no. offset | Physical
memory — 10— Address

« Translation helps protection:
— Control translations, control access
— Should Users be able to change Page Table?7??
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Address Space: In a Picture

OXFFF..
Processor Registers
PC: Stack[
SP:
Heapt
Data
Instruction
. ;. ) o Code
What's in the code segment? Data” . —

 What's in the stack segment?
— How is it allocated? How big is it?

 What's in the heap segment?
— How is it allocated? How big?
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Multiprogramming — Multiple Threads of Control

. . . - {}
Proc
3

Heapﬁ

Data

_ -
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How can we give the illusion of multiple processors?

s

A,

vCPU1

vCPU2

vCPU3

vCPU1

vCPU2

Time

Assume a single processor.
How do we provide the illusion
of multiple processors?

— Multiplex in time!
Each virtual “CPU” needs a
structure to hold:

— Program Counter (PC), Stack
Pointer (SP)

— Registers (Integer, Floating
point, others...?)

« How switch from one virtual
CPU to the next?

— Save PC, SP, and registers in
current state block

— Load PC, SP, and registers from
new state block

 What triggers switch?

— Timer, voluntary yield, 1/O, other
things
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Conclusion

« (Brief) OS History

* Virtual Machines

* 4 Main OS Concepts
— Thread
— Address

— Process
— Dual mode
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