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Hardware Virtualization Classification

Low Performance
Overhead
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High Transparency
/N
Full Virtualization - Paravirtualization -
Unmodified Guest OS Modified Guest OS
High Performance
> Overhead

Host-Based Virtualization
- Guest as App

N

y/

Containerization - OS-
Level Isolation

Low Transparency
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What 1s Full Virtualization?
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Unmodified Guest I > - i . N
OS P JL

Runs without changes to
its codebase

Emullation

Guest OS

d Complete Hardware
Emulation

Hypervisor emulates all
' hardware components
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Key Concept: Binary Translation

Instruction Scan
Dynamic scanning of guest
OS code
Safe Replacement
Replace privileged ops with
safe equivalents

Hypervisor Control

Execution flow enforced by E
hypervisor
No Guest Changes
Guest OS runs unmodified
o o

Intercept
Privileged Ops

o o
Hardware

Binary Safe Emulation Isolation
Translation
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Understanding Binary Translation
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Runtime . . : o
Monitori Instructi Virtualization
onitorin nstruction 9 .

g , Safe Execution Integration

Hypervisor watches Transformation -
instructions Runs within

Prevent unsafe hypervisor

Modify code for operations

safety

O P o

Instruction Privileged Safe Code Secure
Scanning Detection Generation Execution

6/19
3/20/2026 Full Virtualization |Operating Systems and virtualization| Ms.Swathiramya R |[SNSCT



https://gamma.app/?utm_source=made-with-gamma

~—

>

|

LWLTTFITUTIONS

How Full Virtualization with Binary Translation Works e ssgroupecom

Guest OS (Ring 1)
Guest Applications Operating system runs at privileged level

User programs execute normally — Binary Translation Layer

Instruction interception and translation

Physical Hardware

O VMM / Hypervisor (Ring 0)
Actual CPU, memory, and devices

Ultimate control and hardware access
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Step-by-Step Execution Flow G oo,

The binary translation process follows a systematic approach to ensure guest OS instructions execute safely while maintaining the illusion of direct

hardware access.

Translate & Return

» Instructions are translated and
results returned to the host.

Hypervisor Check

The hypervisor intercepts and o
inspects privileged instructions

for security.
Instruction Execution

[ e
The processor runs the initial

program instructions.
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Real-World Example: VMware Workstation

A practical demonstration of full virtualization in action shows how binary translation enables seamless multi-OS environments on
single hardware platforms.

Result: Two operating systems run simultaneously, safely, and efficiently on a single physical machine.

o
Host . Isolation
Binary
Guest

Translation
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Binary Translation Technical Details

W

The binary translation mechanism employs sophisticated techniques to maintain performance while ensuring security and compatibility across
diverse operating systems.

Identify

Instruction .. Replace Safely VMM Execute Return to Guest
Privileged Ops
Scan
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Performance Analysis of Full Virtualization

| —
Performance
Challenges
Binary translation adds runtime f::sgation
overhead, hurting I/O-heavy apps. overhight
D
Optimization
Techniques

Code caches store hot instructions
to cut repeated translation cost.

Code cashe
optimization

11/19
3/20/2026 Full Virtualization |Operating Systems and virtualization| Ms.Swathiramya R [SNSCT



https://gamma.app/?utm_source=made-with-gamma

™

~

~

o

TUTionss
WWW.snsgroups.com

Design Thinking for
Virtualization

Applying structured problem-solving to enable multiple operating
systems to share hardware without modification

Problem Statement

How can we allow multiple OSes to share hardware without modifying
them?

Nl
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Empathize: Understanding User Needs
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Diverse OS Needs I

Run multiple OSes for

dev and legacy apps
I Developer
Compatibility
Ensure seamless cross-
platform workflows
Hardware
Efficiency

Maximize utilization
with secure isolation I
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Detine: The Core Problem

-— Virtualization

Challenge

Diagram a, mauaiinate, lits and. thererram.antes.

Privileged instructions
unsafe when OSes [

Guest 0S:
innenare of
hypervittor

share hardware.

Guest OS innore
of hypervitor

Guest OS
inrvarcinte of
hyperivitor

Hartvware' 1 %
v
Hartware
isottations i
Ny i s
instrection

trapped &
E Hardware
eleminated fstalation

Privileged
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Privileged
instrectiors &
elinmated -

Privieged
instrection and
elimuated

A
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Goal

Run unmodified
guests with security
and high performance.
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Ideate: Potential Solutions

Q Co >

Intercept Instructions Dynamic Translation Safe Execution

Capture unsafe privileged Translate intercepted Execute translated code with full

instructions before execution instructions to safe equivalents hardware access control
Intercept

‘ Execute
y

Translate
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Prototype: Building the Solution

Binary Translator Replay Execution

£ N

S

Block Caching
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Test: Validation Results
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7 Result

Binary translation successfully enables unmodified guest operating systems to run on virtualized hardware
while maintaining full compatibility, security isolation, and acceptable performance overhead.

Unmodified OS
Execution

Performance . Correctness
g S 7 c .
Analysis Verification

Isolation Testing
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Unmodified Guest 0S VMM / Hypervisor
N\ - &

Scan Guest 0S Code

Replace Unsafe Instructions
PR PR P Execute Safe Code

 Virtualization Types
e Full Virtualization
® Host-Based Virtualization

How It Works

@ Guest 0S Runs \‘VMwaren'ﬁLinux Guest 0S
@ Hypervisor Translates e =

® Executes Safely
® Returns to Guest 0S

@ Empathize: Need Multiple 05
Q Define: Unsafe Instructions
@ 1deate: Transtate Safely
38 Prototype: Bild & Cache
@ Test: Run & Verify

® 80%-97% of Native Speed
@ Optimize Code Cache
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ﬁ PUZZLE (For Classroom / Exam)

s Q Puzzle Question

A user accesses Windows desktop from a low-end device, runs
Excel without installing it locally, saves files to a single logical
drive that spans multiple disks, and connects through a software-

configured network.

Question: Identify the type of virtualization used in each case

and justify your answer.

REMOTE
DESKTOP

Desktop Virtualization

e Desktop access

Desktop Virtualization

Single logical drive over
multiple disks

Storage Virtualization

@i HINT for STUDENTS:

© Desktop access
©® Application execution
© Storage abstraction

Application Virtualization

@ Application execution
Application Virtualization

QO ¢

(e

Software configured
network

Network Virtualization

©® Desktop access

©® Application execution
® Storage abstraction

©® Network configuration
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