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<����>����><����>������
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p0

TTRnd(p0) = τ(p0) = 350 W(p0)  =  0

0 350

<����>����><����>������
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p0 p1

TTRnd(p0) = τ(p0) = 350
TTRnd(p1) = (τ(p1) +TTRnd(p0)) = 125+350 = 475

W(p0)  =  0
W(p1)  = TTRnd(p0) = 350

475350

<����>����><����>������
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p0 p1 p2

TTRnd(p0) = τ(p0) = 350
TTRnd(p1) = (τ(p1) +TTRnd(p0)) = 125+350 = 475
TTRnd(p2) = (τ(p2) +TTRnd(p1)) = 475+475 = 950

W(p0)  =  0
W(p1)  = TTRnd(p0) = 350
W(p2)  = TTRnd(p1) = 475

475 950

<����>����><����>������
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p0 p1 p2 p3

TTRnd(p0) = τ(p0) = 350
TTRnd(p1) = (τ(p1) +TTRnd(p0)) = 125+350 = 475
TTRnd(p2) = (τ(p2) +TTRnd(p1)) = 475+475 = 950
TTRnd(p3) = (τ(p3) +TTRnd(p2)) = 250+950 = 1200

W(p0)  =  0
W(p1)  = TTRnd(p0) = 350
W(p2)  = TTRnd(p1) = 475
W(p3)  = TTRnd(p2) = 950

1200950

<����>����><����>������
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p0 p1 p2 p3 p4

TTRnd(p0) = τ(p0) = 350
TTRnd(p1) = (τ(p1) +TTRnd(p0)) = 125+350 = 475
TTRnd(p2) = (τ(p2) +TTRnd(p1)) = 475+475 = 950
TTRnd(p3) = (τ(p3) +TTRnd(p2)) = 250+950 = 1200
TTRnd(p4) = (τ(p4) +TTRnd(p3)) = 75+1200 = 1275

W(p0)  =  0
W(p1)  = TTRnd(p0) = 350
W(p2)  = TTRnd(p1) = 475
W(p3)  = TTRnd(p2) = 950
W(p4)  = TTRnd(p3) = 1200

1200 1275

<�<�	#������	����	/���
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p0 p1 p2 p3 p4

TTRnd(p0) = τ(p0) = 350
TTRnd(p1) = (τ(p1) +TTRnd(p0)) = 125+350 = 475
TTRnd(p2) = (τ(p2) +TTRnd(p1)) = 475+475 = 950
TTRnd(p3) = (τ(p3) +TTRnd(p2)) = 250+950 = 1200
TTRnd(p4) = (τ(p4) +TTRnd(p3)) = 75+1200 = 1275

W(p0)  = 0
W(p1)  = TTRnd(p0) = 350
W(p2)  = TTRnd(p1) = 475
W(p3)  = TTRnd(p2) = 950
W(p4)  = TTRnd(p3) = 1200

Wavg = (0+350+475+950+1200)/5 = 2974/5 = 595

127512009004753500

•Easy to implement
•Ignores service time, etc
•Not a great performer
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��������	E�!	3�+�
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p4

TTRnd(p4) = τ(p4) = 75 W(p4) = 0

750

��������	E�!	3�+�
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p1p4

TTRnd(p1) = τ(p1)+τ(p4) = 125+75 = 200

TTRnd(p4) = τ(p4) = 75

W(p1) = 75

W(p4) = 0

200750

��������	E�!	3�+�
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p1 p3p4

TTRnd(p1) = τ(p1)+τ(p4) = 125+75 = 200

TTRnd(p3) = τ(p3)+τ(p1)+τ(p4) = 250+125+75 = 450
TTRnd(p4) = τ(p4) = 75

W(p1) = 75

W(p3) = 200
W(p4) = 0

450200750

��������	E�!	3�+�
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p0p1 p3p4

TTRnd(p0) = τ(p0)+τ(p3)+τ(p1)+τ(p4) = 350+250+125+75 = 800
TTRnd(p1) = τ(p1)+τ(p4) = 125+75 = 200

TTRnd(p3) = τ(p3)+τ(p1)+τ(p4) = 250+125+75 = 450
TTRnd(p4) = τ(p4) = 75

W(p0) = 450
W(p1) = 75

W(p3) = 200
W(p4) = 0

800450200750

��������	E�!	3�+�
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p0p1 p2p3p4

TTRnd(p0) = τ(p0)+τ(p3)+τ(p1)+τ(p4) = 350+250+125+75 = 800
TTRnd(p1) = τ(p1)+τ(p4) = 125+75 = 200
TTRnd(p2) = τ(p2)+τ(p0)+τ(p3)+τ(p1)+τ(p4) = 475+350+250+125+75

= 1275
TTRnd(p3) = τ(p3)+τ(p1)+τ(p4) = 250+125+75 = 450
TTRnd(p4) = τ(p4) = 75

W(p0) = 450
W(p1) = 75
W(p2) = 800

W(p3) = 200
W(p4) = 0

1275800450200750

��������	E�!	3�+�
i    τ(pi)
0    350
1    125
2    475
3    250
4      75

p0p1 p2p3p4

TTRnd(p0) = τ(p0)+τ(p3)+τ(p1)+τ(p4) = 350+250+125+75 = 800
TTRnd(p1) = τ(p1)+τ(p4) = 125+75 = 200
TTRnd(p2) = τ(p2)+τ(p0)+τ(p3)+τ(p1)+τ(p4) = 475+350+250+125+75

= 1275
TTRnd(p3) = τ(p3)+τ(p1)+τ(p4) = 250+125+75 = 450
TTRnd(p4) = τ(p4) = 75

W(p0) = 450
W(p1) = 75
W(p2) = 800

W(p3) = 200
W(p4) = 0

Wavg = (450+75+800+200+0)/5 = 1525/5 = 305

1275800450200750

•Minimizes wait time
•May starve large jobs
•Must know service times






��������	�
��������
i    τ(pi)  Pri
0    350     5
1    125     2
2    475     3
3    250     1
4      75     4

p0p1 p2p3 p4

TTRnd(p0) = τ(p0)+τ(p4)+τ(p2)+τ(p1) )+τ(p3) = 350+75+475+125+250
= 1275

TTRnd(p1) = τ(p1)+τ(p3) = 125+250 = 375
TTRnd(p2) = τ(p2)+τ(p1)+τ(p3) = 475+125+250 = 850
TTRnd(p3) = τ(p3) = 250
TTRnd(p4) = τ(p4)+ τ(p2)+ τ(p1)+τ(p3) = 75+475+125+250 = 925

W(p0) = 925
W(p1) = 250
W(p2) = 375

W(p3) = 0
W(p4) = 850

Wavg = (925+250+375+0+850)/5 = 2400/5 = 480

12759258503752500

•Reflects importance of external use
•May cause starvation
•Can address starvation with aging

1�������	�
��������
i    τ(pi)  Deadline
0    350        575
1    125        550
2    475      1050
3    250     (none)
4      75        200

p0p1 p2 p3p4

1275
1050550200

0

•Allocates service by deadline
•May not be feasible

p0p1 p2 p3p4

p0 p1 p2 p3p4
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,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

W(p0) = 0

0 50

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

W(p0) = 0
W(p1) = 50

1000
p1

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

W(p0) = 0
W(p1) = 50
W(p2) = 100

1000
p2p1



R

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

W(p0) = 0
W(p1) = 50
W(p2) = 100
W(p3) = 150

2001000
p3p2p1

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

W(p0) = 0
W(p1) = 50
W(p2) = 100
W(p3) = 150
W(p4) = 200

2001000
p4p3p2p1

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

W(p0) = 0
W(p1) = 50
W(p2) = 100
W(p3) = 150
W(p4) = 200

3002001000
p0p4p3p2p1

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

TTRnd(p4) = 475

W(p0) = 0
W(p1) = 50
W(p2) = 100
W(p3) = 150
W(p4) = 200

4754003002001000
p4p0p4p3p2p1 p1 p2 p3

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

TTRnd(p1) = 550

TTRnd(p4) = 475

W(p0) = 0
W(p1) = 50
W(p2) = 100
W(p3) = 150
W(p4) = 200

4754003002001000
p4 p1p0p4p3p2p1 p1 p2 p3 p0

550

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

TTRnd(p1) = 550

TTRnd(p3) = 950
TTRnd(p4) = 475

W(p0) = 0
W(p1) = 50
W(p2) = 100
W(p3) = 150
W(p4) = 200

4754003002001000
p4 p1p0p4p3p2p1 p1 p2 p3 p0 p3p2

p0 p3p2 p0 p3p2

550 650

650 750 850 950



S

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

TTRnd(p0) = 1100
TTRnd(p1) = 550

TTRnd(p3) = 950
TTRnd(p4) = 475

W(p0) = 0
W(p1) = 50
W(p2) = 100
W(p3) = 150
W(p4) = 200

4754003002001000
p4 p1p0p4p3p2p1 p1 p2 p3 p0 p3p2

p0 p3p2 p0 p3p2 p0 p2 p0

550 650

650 750 850 950 1050

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

TTRnd(p0) = 1100
TTRnd(p1) = 550
TTRnd(p2) = 1275
TTRnd(p3) = 950
TTRnd(p4) = 475

W(p0) = 0
W(p1) = 50
W(p2) = 100
W(p3) = 150
W(p4) = 200

4754003002001000
p4 p1p0p4p3p2p1 p1 p2 p3 p0 p3p2

p0 p3p2 p0 p3p2 p0 p2 p0 p2 p2 p2 p2

550 650

650 750 850 950 1050 1150 1250 1275

,����	,�!��	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

TTRnd(p0) = 1100
TTRnd(p1) = 550
TTRnd(p2) = 1275
TTRnd(p3) = 950
TTRnd(p4) = 475

W(p0) = 0
W(p1) = 50
W(p2) = 100
W(p3) = 150
W(p4) = 200

Wavg = (0+50+100+150+200)/5 = 500/5 = 100

4754003002001000

•Equitable
•Most widely-used
•Fits naturally with interval timer

p4 p1p0p4p3p2p1 p1 p2 p3 p0 p3p2

p0 p3p2 p0 p3p2 p0 p2 p0 p2 p2 p2 p2

550 650

650 750 850 950 1050 1150 1250 1275

TTRnd_avg = (1100+550+1275+950+475)/5 = 4350/5 = 870

,,	����	"�������8�J	&/O8PJ'
i    τ(pi)
0    350
1    125
2    475
3    250
4      75 p0

TTRnd(p0) = 1320
TTRnd(p1) = 660
TTRnd(p2) = 1535
TTRnd(p3) = 1140
TTRnd(p4) = 565

W(p0) = 0
W(p1) = 60
W(p2) = 120
W(p3) = 180
W(p4) = 240

Wavg = (0+60+120+180+240)/5 = 600/5 = 120

5404803602401200

•Overhead must be considered

p4 p1p0p4p3p2p1 p1 p2 p3 p0 p3p2

p0 p3p2 p0 p3p2 p0 p2 p0 p2 p2 p2 p2

575 790

910 1030 1150 1270 1390 1510 1535

TTRnd_avg = (1320+660+1535+1140+565)/5 = 5220/5 = 1044

635 670

790
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Ready List0

Ready List1

Ready List2

Ready List3

Scheduler CPU

Preemption or voluntary yield

DoneNew
Process

•All processes at level i run before
any process at level j

•At a level, use another policy, e.g. RR
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Hold Ready

Run

Blocked

Job
Scheduler

Process
Scheduler

Dark square contains fixed, maximum number of processes
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Processor Sharing (PS) 
“Theoretical” Scheduling Algorithm

� G����	��	,,	��	����	6������	����	��	7���.

� G�2�	������	��
�	�� 	
�
��	��	�	���������	

���
����	��	�����	��!��	�������.

� 3 ���
�����	�
�������	!�	��	

� *�
�	;�!	����	��	����
����	3>����	������	�� .

� /����	,*#1U	8	, 33�3B.

� �� 	/���	C������D	�6�����	�����	���
�����



��

Scheduling Example 2

� �J.J J.9

- �J.- J.P

9 �J.F J.�

F �J.P J.F

P �J.R J.�
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�J.J �	#�� � J.9
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- J.P

�J.F �	< - J.� - J.F

9	#�� 9 J.�

�J.P F	#�� - J.JP - J.9P

9 J.JP

F J.F

�J.QP 9	< 9 J.JP - J.9

F J.9P
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�J.R P	#�� - J.J
P - J.--P

F J.-
P

P J.�
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- J.P �J.- ��.9P �.�P -.9

9 J.� �J.F �J.QP J.-P -.P

F J.F �J.P ��.F J.S -.-P

P J.� �J.R ��.� J.9 9.J
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T and W for Example 4
Job Run Arrives Finish Ti WTi

1 0.5 1.0 2.0 1.0 2.0

2 1.0 1.2 4.05 2.85 2.85

3 1.5 1.3 7.4 6.1 4.06

4 2.0 1.4 6.6 5.2 2.6

5 0.5 1.7 7.5 5.8 11.6

6 2.1 2.1 5.1 3.0 3.0

23.95  26.11

T  =  3.99 WT  =  4.35

_____ _____


