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PARAVIRTUALIZATION: ADVANCED OPERATING SYSTEM EFFICIENCY

1. CONCEPT COMPARISON 2. KEY ARCHITECTURE & MECHANISM
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Virtualization's Hardware Efficiency
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CPU Abstraction

CPU resources shared
among multiple virtual
machines.

Memory
Abstraction
Memory allocated
dynamically to virtual Enhanced
machines. Hardware
Efag Utilization
i GyFra 5 lﬁ{c:.;l
o =~ Efficient use of
ADSLractio hardware resources
Storage space shared through virtualization.
across virtual
machines.
Network
Abstraction

Metwork connectivity
managed for virtual
machines.
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Efficient System Performance through Paravirtualization
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TUTIoNS
Which virtualization approach offers better performance? SRS G

Full Virtualization Paravirtualization

Increased CPU usage due Reduced CPU usage by
to hypervisor emulation. [ | eliminating emulation.

Hypervisor must intercept and ' Enables direct communication
emulate privileged instructions. between guest 05 and hypervisor.

Slower performance due Faster performance by

to emulation overhead. eliminating inefficiencies.
Every privileged instruction Direct communication bypasses
execution is imercepted. emulation bottlenecks.
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Full Virtualization Overhead

Hypervisor Interception
Hypervisor infencepls the
nstruction

Instruction Emulation

Hypervisor emulates the

instructan’s behavion

System Owverhead
Increase

Emulation process incresses
system overhesad
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Irncressed averbesd shws
dawen Exscution
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Unveiling the Benefits of Paravirtualization

(l- Faster Execution

Paravirtualization |-||[]|- Reduced Overhead
‘l- Improved Performance
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WORKING OF PARAVIRTUALIZATION
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HYPERCALLS CONCEPT: -
- COMMUNICATION IN VIRTUALIZATION

TRADITIONAL SYSTEM CALLS i i PARAVIRTUALIZATION HYPERCALLS R
(Application to OS) (Modified Guest OS to Hypervisor)
@) ( APPLICATION ] MODIFIED GUEST OPERATING SYSTEM (4=
.®\ Aware of '
@f OPERATING SYSTEM DIRECT ‘ HYPERCALL
L 0S Kernel | COMMUNICATION [ HYPERVISOR 7
; MECHANISM . &
i , v |
HARDWARE ] PHYSICAL HARDWARE O
\. g
<—l INTERACTION LAYER 1 HIGHER-LEVEL ABSTRACTION m PERFORMANCE OPTIMIZATION
L, Allows Guest OS to interact ﬁ ﬁ Operates at a higher level than j’iﬁ"f Reduces overhead, improves I/O
efficiently with the Hypervisor. 6 conventional system calls. jﬂ.lﬂ performance & resource utilization.
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PROBLEM STATMENET
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1. Empathize (Understanding the Problem)
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2. DEFINE (CLEARLY DEFINING THE PROBLEM)
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PARAVIRTUALIZATION
(OS-ASSISTED VIRTUALIZATION)
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4. Prototype (Developing the Solution)

Key Design Features include:

@ Modified Kernel

Paravirtualization |
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Xen HypervisoD

Xen

= Project

Improved Performance)
CPU, I/0
Cloud Environments)

Hypercalls

Direct communication
method

Kernel Modification

Replace privileged
instructions

Efficient virtualization
technique

EXAMPLES
& IMPACT

collaborate | "')m f
E % _//— PARAVIRTUALIZATION ARCHITECTURE
' — OPERATING SYSTEMS S & WORKI.NG ‘
' ‘A : @ Operation -> Hypercall ->

ﬁ Hypervisor executes -> Result

2 PARAVIRTUALIZATION SOLUTION“'
Modifies Guest OS

Modified Guest OS is aware
of virtual environment

INTRODUCTION
& DEFINITION

| Cooperation }

Guest 0S & Hypeisor

Trap-and-Emulate Mechanism

causes overhead

PROBLEMS IN FULL

Increased intercepts VIRTUALIZATION

Performance Limitations | béq o-o

| Eliminates Trap-and-Emulatea

) — Faster execution,
1~ reduced overhead,
efficiency

High CPU, slow I/0, delays ' _Beneﬁts

with multiple VMs
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