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Functions of an operating system:

1. Manage the resources of the computer
system:
— CPU time Scheduling Algorithms

—memaory Memory Management Strategies
— 1/0 devices
— File system
— Interrupts
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Functions of an operating system:

2. Provide a user interface (insulate users from
complexity)

— GUI

— Command Line
— voice

— virtual reality
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3. Provide a programming interface (encapsulate

HW complexity)
— allow programmers to “call” OS routines

— API: Application Programming Interface: a set
of function calls to allow programs to interface
with the OS in a controlled fashion.

— Example: GUI functions/methods - standard
“look and feel”

— systems software structure

— Present a layered structure to allow OS
component replacement/substitution/upgrade

— Device Driver Connection points/standards
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4. Provide or support a Network Environment

/Interface
— Internet, email, www

— file and resource sharing on a network

— Distributed computing
— Client/server computing

Follow-On
MSACS classes
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e Multiple concurrent processes (multi-user,

multi-tasking)

e Divide up CPU time into “slices”, “pieces”, or
“guantum”

e Each process gets a small slice of time

e Programs appear to run concurrently in human
time-scale

e Requires that the CPU is switched between
processes very quickly
— CONTEXT SWITCH
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CONTEXT SWITCH

e The work to switch between processes Is
overhead — that does not accomplish useful
work

e Important to minimize non-productive
overhead time, In order to maximize efficiency
and performance

e CONTEXT SWITCH must be as fast as possible

— CPU does multiple context switches per
second
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To do a context switch:

1. Save the “state” of the current process
Save where - in memory, on stack?
2. Load the state of the next process

3. Execute the new/next process (which is now the
current one)

4. Repeat as needed.

Performance critical — opportunity for HW assist?
YES!

e Register set, or “window” on a register “file”

e Duplicated registers in multiple sets

e Switch between sets of reggisters —no /0. saye.
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The process state:
e The program counter
e The contents of registers
e Memory addressing limits and page tables
e OS management info associated with a process
— CPU scheduling data
— Priorities
— membership in queues
— Process accounting data
— Resources open (1/0)
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Threads are “lightweight” processes:

e one regular or “heavyweight” process may be
composed of multiple threads

e threads are independent streams of instructions

e threads share memory space and 1/0
resources with other threads.

Context Switch between threads is very
minimal, just the program counter and register
contents -- very fast and efficient — the reason for
using
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DRAWBACK OF THREADS

e Threads must be well-behaved, since they share
SO many resources

e The OS does not “manage” the interactions
between threads as it does between processes
 No protection from adverse interactions
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 The scheduling of CPU time is done by the part of
the OS called the SCHEDULER

— determines which process should be executed
next

— more overhead processing
— Interrupts the currently executing process

e The DISPATCHER actually does the context switch
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 Time management is one of the functions of
OS

e Efficiency is important
— Time spent managing is “unproductive” time
— User perceptions of system performance are
critical to:
— User satisfaction with system
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e Operating systems are classified by time

management/user Mmanagement strategies

1. Batch operating system
— Not interactive - no user interaction
— processes (jobs) submitted into a job queue
(waiting line)
— CPU completes one job before going on to the
next
— poor efficiency - IF process does 1/0, CPU waits

— poor performance - last process in the queue
may wait a long time
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e Enhances BATCH OS for better performance

— Multiple programs (jobs) in the systems memory at the
same time

— When one job stalls for 1/0, the CPU is switched to
another process

— Returns to first process when it is ready (an interrupt)

— Efficiency: better - less wasted time waiting for 1/0

— More memory = more processes in memory = better
chance that at least one process will be available for
CPU work at all times

— Goal is 100% CPU utilization
— Still not interactive

— Performance - much better, less wasted CPU time
shows up as a faster system
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e Improves Multi-Programming

e Of those programs in memory and available for CPU
execution:
— Each process gets a slice of time (time-slice or time-
guantum)
— Ordered “turns” - run through a list of processes, when
at bottom of list, return to the top and repeat
e Works for interactive processing
— each user (interface process) gets a little time-slice
— computer time scale much faster than human time scale
- appears that all users are working and getting
computer service simultaneously
e Efficiency - good, little CPU wait time
e CPU utilization good
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e |Improves on time-sharing

e Allows prioritization of processes
— some get more CPU time (bigger time slice)
— OR, some get more CPU time slices
e [Interactive user processes get high priority - fast response
e Other processing can occur at low priority in the
background
e Operating system tasks at the highest priority
e Efficient - little wasted CPU time
e Performance - excellent - users perceive a very fast system
e Priorities can also be used to manage time allocations most
efficiently
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e How to allocate time among competing processes
(Jobs or user interfaces)
e Consider three processes:
— Process 1 (P1) requiring 24 time quantum
— Process 2 (P2) requiring 3 time guantum
— Process 3 (P3) requiring 3 time quantum

e |f executed In order:
30 total time

24 3 3
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e CPU walit time over the 30 time quantum is zero,

utilization i1s 100%
e The number of processes completed = 3

(throughput)
e Average wait time before getting the CPU Is:
—-P1: 0
—P2: 24
— P3: 27 Average = (0+24+27)/3 =51/3 =17

e Average completion time (includes wait time) is:
—P1: 24
— P2: 27

— P3: 30 Average = (24+27+30)/3 = 81/3 = 27
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e How to allocate time among competing processes
(Jobs or user interface processes)
e Same three processes:
— Process 1 (P1) requiring 24 time quantum
— Process 2 (P2) requiring 3 time guantum
— Process 3 (P3) requiring 3 time quantum

e |f executed In different order:
30 total time

P2: 3| P3:3 P1:24
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e CPU walit time over the 30 time quantum is zero,

utilization i1s 100%
e The number of processes completed = 3

(throughput)
e Average wait time before getting the CPU Is:
—-P2: 0
- P3: 3
—P1: 6 Average = (0+3+6)/3 =9/3 =3

e Average completion time (includes wait time) is:
- P2: 3
—P3: 6

—P1: 30 Average = (3+6+30)/3 = 39/3 = 13
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Even though the amount of work accomplished is

the same, the second time allocation will be

perceived by users as better - faster

Conclusion: System Performance depends upon

the workload mix and order that processes are

executed in.

The best performance is Shortest Job First (also

Shortest cpu-Burst First, or Shortest Process First)
SJF

So, the OS should allocate time using SJF

Problems?
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The time quantum required per process Is not
known until the process (job) completes
Cannot see the future
Need to predict or estimate the future
Based on what? - Past performance

e assume same as last time

e average of last n bursts

e complex trend analysis

e random?
Important to Minimize Overhead - minimize
calculation time and memory required to save past

data
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e Uses a weighted average -

— most recent CPU burst for a process 7,

— cumulative old CPU past data for same
process (also the previous prediction) p,

— Prediction for next burst is a weighted
average of the two:

Po.s = alpha*t, + (1-alpha)*p,

Where a/lpha is the weighting factor (a
fraction between 0 and 1).

— Low overhead: easy calculation, save only
one old datum (p,).
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e Example: First burst was 4 quantum, second
burst was 6
— Prediction for third burst:
0.6(4) + 0.4(6) = 4.8
— 4.8 used to schedule by SJF.
e Third burst was actually 7
— Prediction for fourth burst:
0.6(old-4.8) + 0.4(recent-7) =
2.88 + 2.8 = 5.68
— Schedule fourth burst based on prediction

e Actual fourth burst and prediction used to
predict fifth burst

— etc. etc.
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1.

P1: 24 (5,5,4,6,4) Default/Initial Prediction=4
P2:3 (2,1) Alpha=10.6
P3: 3 (1,2) Pn+1 :a/pha*[n —+ (J-a/pha)*pn

All processes have the same prediction (default), so
execute in order (P1 executes for 5). New prediction for
P1=0.6(5) +0.4(4) = 4.6

Lowest prediction is 4 (P2&P3). Execute P2 for 2. New
prediction for P2 = 0.6(2) + 0.4(4) = 2.8

Lowest prediction is 2.8 (P2). Execute P2 for 1, P2 is
complete.

Lowest prediction is 4 (P3). Execute P3 for 1. New
prediction for P3 = 0.6(1) + 0.4(4) = 2.2.

Lowest prediction is 2.2 (P3). Execute P3 for 2, P3 is
now complete. Complete remaining process (P1).
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TIME SEQUENCE:

P1:
P2
P3:

S
2

om
P2 Com
P3 Com

5 4 6 4
1
1 2
pIeted after 30 time quantum.
nleted after 8 time quantum.

pleted after 11 time quantum.

Average completion time = 30 + 8 + 11 = 59/3

= 19.6

compared to 13 for true SJF
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e A non-computation
method where

processes “find their 7 PONE

own level” e @ —Queue Time
e Close to SJF, with low Quantum

overhead DONE
e Q2 gets no time until /

Q1 is empty
e Q3 gets no time until
Q2 and Q1 are empty
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e P1: 24, P2:3, P3:3

e Q1 gets P1, P2, P3
— Q1 does P1 for 2, passes it to Q2
— Q1 does P2 for 2, passes it to Q2
— Q1 does P3 for 2, passes it to Q2
e Q2 does
— P1 for 4, passes it to Q3 (Q1 is empty)
— P2 for 1, it completes
— P3 for 1, it completes
e Q3 does
— P1 for 18, it completes (Q2 is empty)

e Average completion time = 11 + 12 + 30 = 53/3 = 17.67
e compared to 13 for true SJF, and 19.6 for exp-ave.
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