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s Computer System Components

1. Hardware — provides basic computing resources
(CPU, memory, I/O devices).

2. Operating system — controls and coordinates the
use of the hardware among the various application
programs for the various users.

3. Applications programs — (compilers, database
systems, video games, business programs) are
used to solve user problems.

4.Users (people, machines, other computers).
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Abstract View of Computer
System Components

user user L user
2 3 n

compiler assembler text editor e database
system

system and application programs

operating system

computer hardware
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s 0OSfrom User View(1/2)

B Layer between applications and hardware

emacs gcc firefox
OS
re

Hard

m Makes hardware useful to the programmer

B Provides abstractions for applications
Manages and hides details of hardware

Accesses hardware through low/level interfaces
unavailable to applications

® Provides protection
Prevents one process/user from clobbering anothel\%{ Q
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ec‘?k OS from User View(2/2)

B PC Users: an operating system is a program that
orovides an easy-to-use interface for using the

nardware

m Mainframe/Minicomputer Users: an operating
system Is a program that helps maximize the
system resource utilization

B \Workstation Users: an operating system is a

program designed to compromise between
iIndividual usability and resource utilization
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s \What is an Operating System?

B A program that acts as an intermediary between
the application programs and the computer
hardware.

Execute user programs and make solving user
problems easier.

Make the computer system convenient to use.

Use the computer hardware in an efficient manner.
B From the computer’s point of view:

A resource allocator, a control program, a kernel

Operating System Concepts 1.6 Southeast University )‘H..Q




t%, OS from System View(1/2)

B A Resource allocator: the operating system
allocates and reclaims the system hardware
resources to and from user programs

m A Control Program: the operating system controls
the execution of user programs to prevent errors
and improper use of the computer

Operating System Concepts 1.7 Southeast University BHJ&?




e,di_., OS from System View(2/2)

B There Is no universal definition of what is an
operating system.

B A common definition Is that the operating system is
the one program running at all times on the
computer (i.e., the kernel). All other programs are
application programs
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e,t{., The Goals of an Operating System

®m Primary Goal: efficient operation of the computer
system.

B |In some systems, it iIs convenience.

B In the past, efficiency is far more important than
convenience.
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d‘:; Evolution of
L4 .
. Operating Systems

® [t may be easier to understand the key
requirements of an OS by considering the
evolution of Operating Systems
Simple Batch Systems
Multiprogrammed batch systems
Time Sharing Systems
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edk., Simple batch system

m Early computers were extremely expensive
Important to maximize processor utilization

B Monitor
Software that controls the sequence of events
Batch jobs together
Program returns control to monitor when finished
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?»4_«, Monitor’s perspective

m Resident Monitor is software PIDPE
always in memory ot | [
®m Monitor controls the sequence of e
events R

B Monitor reads In job and gives
control -
®m Job returns control to monitor e

Figure 2.3 Memory Layout for a
Resident Monitor
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QJ Desirable Hardware
— Features

® Memory protection for monitor
Jobs cannot overwrite or alter
B Timer
Prevent a job from monopolizing system

® Privileged instructions
Only executed by the monitor
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s Modes of Operation

m User Mode
User program executes in user mode
Certain areas of memory protected from user access
Certain instructions may not be executed

m Kernel Mode
Monitor executes in kernel mode

Privileged instructions may be executed, all memory
accessible
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etﬁ Multiprogrammed
B Batch Systems

m CPU is often idle

¥ Even with automatic job sequencing.
©1/0 devices are slow compared to processor
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eﬁ{q Uniprogramming

B Processor must wait for I/O instruction to complete
before preceding

Program A Run Wait Run Wait

Time >
{a) Uniprogramming
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e&{, Multiprogramming

® \When one job needs to wait for I/O, the processor
can switch to the other job

Program A Run Wait Run Wait
Program B Wait| Run Wait Run Wait
. Run | Run i Run | Run _
Combined A B Wait A B Wait
Time >

i(b) Multiprogramming with two programs
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Multiprogramming

Program A Run Wait Run Wait

Program B Wait| Run Wait Run Wait

Program C Wait |Run Wait Run Wait

Combined R;n lt;n RE“ Wait R:n lt;n Rc'm Wait
Time »

() Multiprogramming with three programs
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e&{, Multiprogrammed Batch Systems

Several jobs are kept in main memory at the same time, and the

‘CPU is multiplexed among them.

BKeeps serval
jobs in memory
simultaneously

mPicks and
begins to
execute one

mif that job
needs to wait,
CPU is switched
to another one

Operating System Concepts

operating system

job 1

job 2

job 3

job 4

1.19

It's the first
Instance where
the operating
system must
make decisions
for the users
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£ OS Features Needed for
LASs 42t Multiprogramming

® Memory management —the system must
allocate the memory to several jobs.

B CPU scheduling — the system must choose
among several jobs ready to run.

B Job scheduling — the system must choose
among jobs ready to be brought into memory

® |/O routine supplied by the system.
m Allocation of devices.
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?».dia Time Sharing Systems

®m Using multiprogramming to handle multiple
Interactive jobs

B Processor’s time Is shared among multiple users

® Multiple users simultaneously access the system
through terminals
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¥ Time-Sharing Systems—Interactive
?»d e Computing(1/2)

B Interactive computer system provides direct
communication between user and the system

The user gives instructions to the system directly, waits
for immmediately results. Response time should be short.

when the operating system finishes the execution of one
command, it seeks the next “control statement” from the
user’s keyboard.
B Time-sharing operating system allows many users
to share the computer simulataneously
Switches rapidly from one user to the next

Gives users the impression: the entire computer system
IS dedicated for my use.
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dl Time-Sharing Systems—Interactive
& Computing(2/2)
B The CPU is multiplexed among several jobs that
are kept in memory and on disk

B To obtain a reasonable response time, a job needs
to be swapped in and out of memory to the disk
(virtual memory).

B Disk management must be provided
® Job synchronization mechanisms are needed

B |t may ensure that jobs do not get stuck in a
deadlock
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Batch Multiprogramming
vs. Time Sharing

Table 2.3 Batch Multiprogramming versus Time Sharing

Batch Multiprogramming Time Sharing
Principal objective Maximize processor use Minimize response time
Source of directives to Job control language Commands entered at the
operating svstem commands provided with the |terminal
job
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Y- Early Example: CTSS

B Compatible Time-Sharing System (CTSS)
Developed at MIT as project MAC
® Time Slicing:
When control was passed to a user
User program and data loaded
Clock generates interrupts about every 0.2 sec

At each interrupt OS gained control and could assign
processor to another user
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t*,, CTSS Operation

®m Job is always loaded at address 5000 to simplify monitor
and memory management

B To reduce disk io, job memory is only written back to disk
when memory remained is not enough for incoming job

0 0 0
~ Monitor ~ Monitor ~ Monitor
5000 5000 5000
10000 JOB 3
JOB1
JOB 2
20000 (JOB 2)
Free 25000 25000
Free Free
32000 32000 32000
(a) (b) (c)
0 0 0
~ Monitor ~ Monitor ~ Monitor
5000 5000 5000
JOB1 JOB 4
15000 0B 2
(JOB 1) J
20000 20000
_ IJOB 2) _ (JOB 2) _
25000 25000 25000
Free Free Free

32000 32000 32000 }9{ ,
(d) (€) (f) T2 ;




3
e,dk_., Problems and Issues

® Multiple jobs in memory must be protected from
each other’s data

m File system must be protected so that only
authorised users can access

B Contention for resources must be handled
Printers, storage etc
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t‘di_., Desktop Systems(1/2)

B Personal computers — computer system dedicated
to a single user.

m |/O devices — keyboards, mouse, display screens,
small printers.

®m User convenience and responsiveness.
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e,di_., Desktop Systems(2/2)

B Can adopt technology developed for larger
operating system
B individuals have sole use of computer and do not

need advanced CPU utilization of protection
features.

B May run several different types of operating
systems (Windows, MacOS, UNIX, Linux)
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L

et Parallel Systems

® Multiprocessor systems with more than one CPU
In close communication.

m Tightly coupled system — processors share
memory and a clock; communication usually takes
place through the shared memory.
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t*_., Parallel Systems (Cont.)

B Advantages of parallel system:
Increased throughput: Gets more jobs done
Economy of scale: Because of resource

sharing, multiprocessor systems is cheaper than multiple
single processor systems

Increased reliability: the failure of one processor will not
halt the whole system

v graceful degradation

v Fault-tolerant systems
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s, Parallel Systems (Cont.)

B Symmetric multiprocessing (SMP)

Each processor runs an identical copy of the operating
system.

Many processes can run at once without performance
deterioration.

Must carefully control I/O to ensure that the data reach
the appropriate processor

May result in inefficiencies
Most modern operating systems support SMP

We Have Example!
On SEU HPC Cluster: cat /proc/cpuinfo
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{ Symmetric Multiprocessing
¢ = Architecture
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s, Parallel Systems (Cont.)

B Asymmetric multiprocessing
Each processor is assigned a specific task.

A master processor controls the system. The other
processors either look to the master for instructions or

have predefined tasks.
Thus, this defines a master-slave relationship

master processor schedules and allocated work to
slave processors.

More common in extremely large systems

Southeast University )‘H..Q
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e Distributed Systems

m Distribute the computation among several
physical processors.

®m Loosely coupled system — each processor has
Its own local memory; processors communicate
with one another through various
communications lines, such as high-speed
buses or telephone lines.
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e,d'k_., Distributed Systems (cont)

m A distributed system is a collection of physically
separate, possible heterogeneous computer
systems that are networked to provide the users
with access to the various resources that the system
maintains

B Advantages of distributed systems.
Resources Sharing
Computation speed up — load sharing
Reliability
Communications
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t*, Distributed Systems (cont)

B Requires networking infrastructure.

m L ocal area networks (LAN) or Wide area
networks (WAN)

®m May be either client-server or peer-to-
peer systems.
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g,*_’ General Structure of Client-Server

client

network

‘ server \
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e Clustered Systems

B A clustered system has two or more individual
systems shared storage and closely linked via LAN
networking

B The key of clustered system is high availability.

m Asymmetric Clustering:

One machine is in hot-standby mode while others are
running applications.

The hot-standby machine (i.e., does nothing but) monitors
other machines and becomes active if one server fails.

® Symmetric Clustering:

Two or more hosts are running applications and monitor
each other.

This i1s more efficient as it uses all available hardw
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'?19{. Clustered Systems

We Have Example!
On SEU HPC Cluster: bsub —q seu_cse —I hostname
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e Real-Time Systems

m Often used as a control device in a dedicated

application such as controlling scientific
experiments, medical imaging systems,
iIndustrial control systems, and some display
systems.
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s Real-Time Systems (Cont.)

m A real-time operating system has well-defined, fixed
time constraints.

B Processing must be done within the defined
constraints, or the system will fail.

B Real-Time systems may be either hard or soft real-

time.
Hard Real-Time Systems guarantee that critical tasks be
completed on time.

Soft Real-Time Systems prioritize critical tasks. That is, a
critical task get priority over other tasks, and retains that

priority until it completes.
B Embedded systems almost always run real-time

operating systems 1‘
Southeast University H{Q
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Q’fo Handheld Systems

m Personal Digital Assistants (PDAS)
m Cellular telephones

M |[ssues:
Limited memory
Slow processors
Small display screens.
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Migration of Operating-System Concepts and
Features

1950 1960 1970 1980

MULTICS
mainframes \
no compilers time distributed

software shared multiuser systems

batch \ multiprocessor

reanlent networked fault tolerant
monitors

" UNIX
minicomputers

no compilers

software : : .
time multiuser multiprocessor

resident shared n;worked fault tolerant
monitors \

clustered
UNIX

desktop computers .
no compilers

software interactive multiprocessor

multiuser networked

UNIX

compilers no
software

handheld computers

interactive
networked
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t%, Computing Environments

B Traditional computing
B Web-Based Computing
B Embedded Computing
m Pervasive Computing
® Cloud Computing
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