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Time Division Multiple Access
1 U 1 T I T T I I I T

Average Normalized Transfer Delay
=
|
|
—

10 :
L~ //
-
1o I N T T N
10 I 1 )2 (4 R 174 B 5 (16T 17 (06 e 119 1

Troughput

s (bl Jodd)
$ the Normalized transfer delay g—s—
10,2 ) 53¢l a3 Normalized Throughput

and 100) At low Normalized throughput
(S), only frame transmission time and no
wait (or low wait) At high S, increasingly
longer waits to access channel Increase
Normalized transfer delay (T") if
increase No. of station( M) at same S,

because , the wait is increase .

Polling
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g0 ahead Juuy ¢lgii¥) dicg ABladl) jaad Jluy)

. control Jsignal

Normalized Average transfer delay :

T= T*r/x =1+a/2(1-5)+S/2(1-S)+t*R/2x

ty waiting time due to buffering or
queuing

Normalized network throughput of the
access network:

E=x'/R’=x"M/R
Average transfer delay :

T=x'/R+M*x"/(2R)+(S' *E)/((1-S")*2)

In TDMA with fixed assignment the
effective throughput is equal to the
normalized network throughput:
S’=S
Normalized Average transfer delay :
T*r/x’ = T =1+ M/2 + S*M/(2(1-S))
GOlila el aladdiuly Adalaall i 4
r=10*1024*1024;

x=1500.*8;
s=0:0.001:0.990;
m=2;

t=1+ m/2 +(s*m)./((1-s)*2)
m=10;

tt=1+ m/2 +(s*m)./((1-s)*2)
m=100;

ttt=1+ m/2 +(s*m)./((1-s)
*2)

figure(l)
plot(s,t,s,tt,s,ttt);
title("Time Division Multi-
ple Access®);

ylabel (*Average Normalized
Transfer Delay”);
xlabel (" Throughput*®);

grid
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a=10;
ttt=1+ a./(2*(1-s)) +s./7((1
-s)*2)+(ta*r)./(2*x);
figure(l)
plot(s,t,s,tt,s,ttt);
title("Polling®);
ylabel ("Average Normalized
Transfer Delay”®);
xlabel (*Throughput*®);
grid
CSMA:
p- .non persistent ) Glegsi s-ay J—Y)
O aa LB oty Lgadg (persistent
L8y La ela 1)) a5 Jlwsy) 22y propagation
o Aapda ot Lina Lady 35 Y9 Al Juag
salel S 1 UL aligpropagation (w)
Nisag Sy
Normalized Average transfer delay :
T'=T/x/r= 1+2ea+ a/2 + S*(
l+(@*e+2)*a+5*%a’+4%*e*(2*e-1)*a’
2%(1-s*(1+(2*c+1)*a))

(I-en(-2%a*s))*(2./s+2*a*(e"-1)-6%a)
2.%(eNM-8)F(eM-s.*Fa-1))-1+e(-2%s.%a))

Frame Delay _asiia

a(0.01,0.1, 0.2) sy
MATLAB Program
s=0:0.001:.939;
a=0.01
e=2.71828;
den=(4*e+2)*a+5*a*a+t4*e*
(2*e-1)*a*a
ahm=2*(1-s*(1+(2*e+l1l)*a))
x=1-e.~N(-2*a*s)
y=(2./s+2*a*(e™-1)-6*a)

Polling

Average Normalized Transfer Delay

) i Y
- - /
|

10“ : JI 1 1 1 l 1 H 1
(1 172 R 1) (17 S 15 (16 172 (1 1 S (11 R |

Throughput

Normalized (s ABad) ;g JSA) 132
Normalized $ transfer delay

a=(0.5,5 and 10) a8:9 Throughput

*At the low throughput , the
transfer delay is only transmit pack-
ets

*increasing the throughput,
increase transfer delay

*at the high throughput, the T" is
large (very load)

*increase Normalized ring latency
(a) , increase transfer delay

* a depending M (No. of station)
MATLAB Program

r=10*1024*1024;

x=1500.%*8;

ta=0.05*.001;

a=0.5;

Y%a=(ta*r./x) + m*b./x
s=0:0.01:1;

t=1+ a./(2*(1-s)) +s./7((1-
s)*2)+(ta*r)./(2*x);

a=5;

tt=1+ a./(2*(1-s)) +s./7((1
-s)*2)+(ta*r)./(2*x);

12 4aduall a8
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ahm=2*(1-sss*(1+(2*e+1)*a))
x=1-e."N(-2*a*sss)
y=(2./sss+2*a*(e™-1)-6*a)
z=2.*(e."(-sss).*(e.N(-sss.*a-
1))-1+e.~N(-2*sss.*a))
T3=1 +2*e._.*at+ta./2
((1+den) ./Zahm)-(x.*y)./z
plot(s,T1l,ss,T2,ssS,T3);
title("CASM -CD%);
xlabel (" Troughput®);
ylabel ("Average Normalized
Transfer Delay”);

grid

+sss.*

The following figure shown relationship be-
tween T" & S varying a

z=2.*(e.M(-s)-*(e.M(-s.*a-
1))-1+e.MN(-2*s.*a))

T1=1 +2*e._*at+a./2 +s.*
((1+den) ./Zahm)-(x.*y)./z
ss=0:0.001:.608

a=0.1
den=(4*e+2)*a+5*a*a+4*e*
(2*e-1)*a*a
ahm=2*(1-ss*(1+(2*et+1l)*a))
x=1l-e."N(-2*a*ss)
y=(2./ss+2*a*(e™-1)-6*a)
z=2_*(e.NMN(-ss).-*(e.N(-
ss.*a-1))-1+e.M(-2*ss.*a))
T2=1 +2*e.*ata./2 +ss.*
((1+den) ./Zahm)-(x.*y)./z
sss=0:0.001:.437

a=0.2
den=(4*e+2)*a+5*a*a+4*e*
(2*e-1)*a*a

10

CASM -CD

(]

—
(=]

—
D—n

Average Normalized Transfer Delay

0 o W2 mE mel mE mE by mE ([ 1
Troughput
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MATLAB Program

o
a1

N

.71828;

0:0.1:2;
t=(1+2*a)*(e-"(2*g) ) +((k-
i)é 2)*(e-N(2*9)-1);
tt=(1+2*a)*(e-"(2*g) ) +((k-
1)/2)*(e-~(2*g)-1);

k=10;
ttt=(1+2*a)*(e.-M"(2*9))+((k-
1)/2)*(e-~(2*g)-1);

Qo X9

-At the low throughput, the normalized
transfer delay is very low (good), because
the waiting time is not found or very low.

-Increasing Normalized latency (a’) ,
decreasing throughput.

- At high throughput , T" vast increasing

ALOHA:
pae Ala By Guead gf (99 Jlu¥) 4By b
Cra g g (<19 Jla¥) g Al Jguag

T= (x'/R+2t, )+ (e’8 -1)(B" +x'/R+2t,)
Where B'=(x"/R)(k-1)/2

figure(l) G/S= e’ , a=t"/(x'/R) = (t+MB/R")/(x'/R)
plot(g.t,g,tt,g, ttt);
title("ALOHA™); Normalized Average transfer delay :
ylabel ("Average Normalized T'=(1+2a)*(e*® )+ (k-1)/2 *(e*8 -1)
Transfer Delay®);
xlabel("g");
grid
ALOHA
e @ T
250

200

150

h
Q
=)

Average Normalized Transfer Delay

th
Q

Note: change (a or k) gives the same curve approximately
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CPU Scheduling

Introduction

multiprogrammed operating
systems. The allocation scheme
could be different from one system to
another depending on their schedul-
ing algorithms.
The idea of multiprogramming , a pro-
cess is executed until it must wait ,
typically for the completion of some |/
O request . In a simple computer sys-
tem , the CPU would then sit idle ; all
this waiting time is wasted . With mul-
tiprogramming Several processes are
kept in memory at one time . When
one process has to wait , the operat-
ing system takes the CPU away from
that process and gives the CPU toan-
other process. CPU scheduling is im-
portant . Because it can have a big ef-
fect on resource utilization and the
overall

Medium-term

|

CPU scheduling is a fundamental operating system
function. . It is the allocation of CPU time to processes in

performance of the system .

Types of Schedulers

Three different types of sched-
ulers that may acts in a complex op-
erating system as figure below :
The long-term scheduler
)iob scheduler) : when present ,
works with the batch queue and se-
lects which processes should be
brought into the ready queue .
The medium-term scheduler : After
executing for a while , a running
process may become suspended by
making an 1/O request or by issuing
a system call .
The short-term scheduler ( CPU
scheduler ) allocates the CPU
among the pool f ready processes
resident in memory .

swap in

partially executed
swapped-out processes

swap out

Short-term

Batc

vy

ready queue

+

»{ CPU } > end

Batch T

Long-

I/O waiting L

(10)
\&/

d

queues

153&43\?%
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. not actually running on the
CPU.
Waiting - waiting for some
. event like 10 to happen.
. New : The process is being
created .

The scheduling occurs and CPU
choose which process to run:

When process switches from run-
ning to waiting. Could be because
of 10 request, because wait for
child to terminate, or wait for syn-
chronization operation to complete

When process switches from run-
ning to ready - on completion of
interrupt handler, for example.
Common example of interrupt
handler - timer interrupt in interac-
tive systems. If scheduler switch-
es processes in this case, it has
preempted the running process.
Another common case interrupt
handler is the 10 completion han-
dler.

When process switches from wait-

CPU-1/O Cycles :

The CPU scheduling depends on the

following property of processes :
Process execution consists of a cy-
cle of CPU execution and I/O wait .
Processes alternate between these
two states . Process execution be-
gins with a CPU burst. That is fol-
lowed by an I/O burst , then anoth-
er CPU burst, then another 1/O
burst, and so on . Eventually , the
last CPU burst will end with a sys-
tem request to terminate execution.
most processes can be described as

either 1/0 bound or CPU bound .
10 Bound processes: processes that
perform lots of 10 operations. Each
10 operation is followed by a short
CPU burst to process the 10, then
more 10 happens. CPU bound
processes: processes that perform
lots of computation and do little 10.
Tend to have a few long CPU bursts

Scheduling and Process State Tran-
sition :
. Running - process is running
on CPU.
Ready - ready to run, but

Figure 9.1 Scheduling and Process State Transitions
£ -~
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Processor utilization: percentage
of time the processor is busy .

Throughput: number of process-
es completed per unit of time

Turnaround time: The interval of
time between submission and
termination (the sum of waiting
in the ready queue, executing
on the CPU, and 1/0).

Waiting time : The amount (sum)
of time that a process spends
waiting in the ready queue .

Response time: for interactive
jobs, the time from the submis-
sion of a request until the re-
sponse begins to be received
(not to put that response)

The goals for scheduling disci-
plines : Max CPU utilization, Max
throughput, Min turnaround
time ,Min waiting time and Min re-
sponse time

Scheduling Algorithms

First-Come , First-Served Schedul-

ing (FCFS)

The simplest CPU-scheduling algo-

rithm (nonpreemptive), but it can

cause short processes to wait for
very long processes . The OS runs
the process at head of queue (FIFO),
the running process is then removed
from the queue, new processes

come in at the end of the queue. A

process does not give up CPU until

it either terminates or performs 10.

The average waiting time is quite

long .

Preemptive Scheduling :
Preemptive: currently running job
may be interrupted and moved to
Ready state . Can be caused by
Interrupt: Not dependent on the
execution of current instruc-
tion but a reaction to an exter-
nal asynchronous event
Trap: Happens as a result of exe-
cution of the current instruc-
tion; used for handling error or
exceptional condition .
Supervisor call: Explicit request
to perform some function by
the kernel.
Non-preemptive: once a process is
in Running state, it continues to exe-
cute until it terminates or it blocks
for 1/O or system service .
Dispatcher : The dispatcher gives
control of the CPU to the process
selected by the short term sched-
uler. The involves:
Switching context switching
the to another process requires
saving the state of the old pro-
cess and loading the saved
state for the new process.
Switching to user mode .
Jumping to the proper location
in the user program.
Dispatch Latency : is the time it
takes the dispatcher to stop one pro-
cess and start another (should be as
small as possible).
Criteria For Performance Evalua-
tion :
How to evaluate scheduling algo-
rithm? There are many possible cri-
teria:

171;5«45\93)

(AL daal) 4.8 daa




Waiting time for P1 =(12-5) =7, P2 =0, P3 =
(5-2=3

P1

P2

P3

24

29

36

Turnaround Time : ((36-5) + (5-
0)+(12-2)) = 46

Throughput : 36 /3 =12
The average waiting time under a
FCFS policy is generally not min-
imal and may vary substantially
if the process CPU-burst times
vary greatly .

Shortest-Job-First Scheduling
The scheduler chooses the pro-
cess with the smallest next CPU
burst. If some processes have
the same CPU burst, the sched-
uler chooses the first process to
enter the ready queue (FSCS). It
SJF is optimal gives minimum
average waiting time for a given
set of processes. The SJF algo-
rithms may be either preemptive
or nonpreemptive .

Non-preemptive scheduler
only does scheduling decision
when running process voluntari-
ly gives up CPU. In effect, it al-
lows every running process to
finish its CPU burst.

Waiting time for
(29-5)=24

P1=0, P2=(24-2)=22,P3=

Average waiting time:

24)/3=15.33

(0 + 22 +

Turnaround Time : ((24-0) + (29-2) +

(36-5)) = 82

Throughput : 36 /3 =12
If the processors arrive in the order

P2,P3,P1:

P2

P3

P1

36

18 4adual) 2
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P1 and P3 arrive here

/—- P2 arrives here

r1

P2

P3

P3

P2

P3

P3

nil

ready queue

Preemptive scheduler reruns scheduling decision when process becomes
ready. If the new process has short CPU burst over running process, the CPU
preempts the running process and executes the new process

P1

P3

P1and P3 ar% . P2 arrives here
P1 P2
1 o / =
P1 is preempted p3 |
P2| P4 | P1L| P3
5 12 20 29

Waiting time for P1=12, P2= 0,
P3=20,P4=5
Average waiting time: (12 +0

+20+5)/4=9.25

Turnaround Time : 5+ 12 + 20

+ 29 = 66

Throughput : 29 /4 =7.25

Pi] P| PL | P4 P3
2
2 | 7] 13 ] 20 29

SJF (preemptive )

19 4adal) 2

nil

S ready
P1 resumes execution
PL | P2 PL | P4 P3
2 7 13 20 29

Consider 4 processes P1 (burst
time 8), P2 (burst time 5), P3
(burst time 9) P4 (burst time 7)
that arrive one time unit apart in
order P1, P2, P3, P4. What does a
preemptive SJF scheduler do?
What about a non-preemptive
scheduler?

SJF (non-preemptive )

(AN 23l AR Alya




compute ( S =wTh+(1-w)s,. )
This formula an exponential average, w
tells how to weight the past relative to
future. If choose w =0, then s,,+1 = s. If
choose w = 1,then s,+1=T,.

Priority Scheduling :

Each process is given a priority, then
CPU executes process with highest pri-
ority. If multiple processes with same
priority are runnable, use some other
criteria - typically FCFS. SJF is an ex-
ample of a priority-based scheduling
algorithm. With the exponential decay
algorithm above, the priorities of a giv-
en process change over time.

Priority may be determined by user or
by some default mechanism. The sys-
tem may determine the priority based
on memory requirements, time limits,
or other resource usage.

Assume we have 5 processes. Lower
numbers represent higher priorities.

Average waiting time is 8.2 mess

priority processes. Process that
has low priority not running to long
time. Can use aging to prevent this
make the priority

17+8)/4=75
Turnaround Time :

2 )+ (29-3) + (20-5) = 59
Throughput : 29/4 =7.25

(13-0 )+ ( 7-

Problems : starvation of jobs long
CPU bursts. Big problem.
Implementing SJF scheduling is
difficult because predicting the
length of the next CPU burst is dif-
ficult . For long term scheduler
running on a batch system, user
will give an estimate. Usually pret-
ty good - if it is too short, system
will cancel job before it finishes. If
too long, system will hold off on
running the process. So, users
give pretty good estimates of over-
all running time. For short-term
scheduler, must use the past to
predict the future. Standard way:
use a time-decayed exponentially
weighted average of previous CPU
bursts for each process. Let T, be
the measured burst time of the nth
burst, s,.; be the predicted size of
next CPU burst. Then, choose a
weighting factor w, where 0 <= w
<=1 and

20 dadal a8,
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|P1|P2|P3|P1|P1|P1|P1|Pl|
0 4 7 10 14 18 22 26

Average waiting time is 5.66

Multilevel Queue Scheduling :
like RR, except have multiple
queues. Processes are easily
classified into different groups.
each group is represented by a
FIFO queue which is scheduled
onto the processor using a
Round Robin discipline. Then
some other algorithm (perhaps
priority based) arbitrates be-
tween queues. Processes in low-
er

priority queues are only sched-
uled when higher priority queues
are empty. Starvation is possible
for processes on the lower priori-
ty levels. The advantage of low
scheduling overhead, but the dis-
advantage of being inflexible

. . -

P2 | P5 | P1 P3 P4

1 6 16 18 19

Round-Robin (RR) :
Similar to FCFS , but with preemption.
Have a time slice or time quantum is
defined, generally between 10 - 100 mil-
liseconds. Let the first process in the
queue run until it expires its quantum
(runs for as long as the time quantum),
then run the next process in the queue.
if CPU burst less than quantum , pro-
cess releases CPU voluntarily. If there
are n processes in the ready queue
then each process gets 1/n of the CPU
time.. Ready queue treated as a circular
queue
Problem
Problem with a small qguantum context
switch overhead. If the time quantum is
too large, then it turns into FCFS
The advantages of RR :
Is each job gets a fair share of the CPU
time, which eliminates the starvation .
It gives good response time .
The disadvantage of RR is the waiting
time increases. .
Consider the waiting times under RR
for 3 processes as in table with time
quantum 4. What happens, and what is
average waiting time?

Process Burst time
P1 24
P2
3
P3 3

21 dadal) a8
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FMernory usage.
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