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BASIC CONCEPTS 

M a x i m u m  C P U  u t i l i z a t i o n  o b t a i n e d  w i t h  m u l t i p r o g r a m m i n g  

C P U – I / O  B u r s t  C y c l e  –  P r o c e s s  e x e c u t i o n  c o n s i s t s  o f  a  

c y c l e  o f  C P U  e x e c u t i o n  a n d  I / O  w a i t .  

C P U  b u r s t  d i s t r i b u t i o n  
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ALTERNATING SEQUENCE OF CPU AND I/O BURSTS 
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HISTOGRAM OF CPU-BURST TIMES 

O P E R A T I N G  S Y S T E M  C O N C E P T S  



CPU SCHEDULER 

S e l e c t s  f r o m  a m o n g  t h e  p r o c e s s e s  i n  m e m o r y  t h a t  a r e  r e a d y  
t o  e x e c u t e ,  a n d  a l l o c a t e s  t h e  C P U  t o  o n e  o f  t h e m .  

C P U  s c h e d u l i n g  d e c i s i o n s  m a y  t a k e  p l a c e  w h e n  a  p r o c e s s :  

1 .  S w i t c h e s  f r o m  r u n n i n g  t o  w a i t i n g  s t a t e .  

2 .  S w i t c h e s  f r o m  r u n n i n g  t o  r e a d y  s t a t e .  

3 .  S w i t c h e s  f r o m  w a i t i n g  t o  r e a d y .  

4 .  T e r m i n a t e s .  

P r e e m p t i v e :  a l l o w s  a  p r o c e s s  t o  b e  i n t e r r u p t e d  i n  t h e  m i d s t  o f  
i t s  C P U  e x e c u t i o n ,  t a k i n g  t h e  C P U  a w a y  t o  a n o t h e r  p r o c e s s  

N o n -  P r e e m p t i v e :  e n s u r e s  t h a t  a  p r o c e s s  r e l i n q u i s h e s  c o n t r o l  
o f  C P U  w h e n  i t  f i n i s h e s  w i t h  i t s  c u r r e n t  C P U  b u r s t  

S c h e d u l i n g  u n d e r  1  a n d  4  i s  n o n  p r e e m p t i v e .  

A l l  o t h e r  s c h e d u l i n g  i s  p r e e m p t i v e .  
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DISPATCHER 

D i s p a t c h e r  m o d u l e  g i v e s  c o n t r o l  o f  t h e  C P U  t o  t h e  p r o c e s s  

s e l e c t e d  b y  t h e  s h o r t - t e r m  s c h e d u l e r ;  t h i s  i n v o l v e s :  

 s w i t c h i n g  c o n t e x t  

 s w i t c h i n g  t o  u s e r  m o d e  

 j u m p i n g  t o  t h e  p r o p e r  l o c a t i o n  i n  t h e  u s e r  p r o g r a m  t o  

r e s t a r t  t h a t  p r o g r a m  

D i s p a t c h  l a t e n c y  –  t i m e  i t  t a k e s  f o r  t h e  d i s p a t c h e r  t o  s t o p  

o n e  p r o c e s s  a n d  s t a r t  a n o t h e r  r u n n i n g .  

O P E R A T I N G  S Y S T E M  C O N C E P T S  



SCHEDULING CRITERIA 

C P U  u t i l i z a t i o n  –  k e e p  t h e  C P U  a s  b u s y  a s  p o s s i b l e  

T h r o u g h p u t  –  #  o f  p r o c e s s e s  t h a t  c o m p l e t e  t h e i r  

e x e c u t i o n  p e r  t i m e  u n i t  

T u r n a r o u n d  t i m e  –  a m o u n t  o f  t i m e  t o  e x e c u t e  a  

p a r t i c u l a r  p r o c e s s  ( f i n i s h i n g  t i m e  –  a r r i v a l  t i m e )  

W a i t i n g  t i m e  –  a m o u n t  o f  t i m e  a  p r o c e s s  h a s  b e e n  

w a i t i n g  i n  t h e  r e a d y  q u e u e  

R e s p o n s e  t i m e  –  a m o u n t  o f  t i m e  i t  t a k e s  f r o m  w h e n  a  

r e q u e s t  w a s  s u b m i t t e d  u n t i l  t h e  f i r s t  r e s p o n s e  i s  

p r o d u c e d ,  n o t  o u t p u t   ( f o r  t i m e - s h a r i n g  e n v i r o n m e n t )  
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OPTIMIZATION CRITERIA 

M a x  C P U  u t i l i z a t i o n  

M a x  t h r o u g h p u t  

M i n  t u r n a r o u n d  t i m e   

M i n  w a i t i n g  t i m e   

M i n  r e s p o n s e  t i m e  
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FIRST-COME, FIRST-SERVED (FCFS) SCHEDULING 

  Process Burst Time  

  P1 24 

   P2  3 

   P3  3  

Suppose that the processes arrive in the order: P1 , P2 , P3   

The Gantt Chart for the schedule is: 

 

 

 

 

 

Waiting time for P1  = 0; P2  = 24; P3 = 27 

Average waiting time:  (0 + 24 + 27)/3 = 17 
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P1 P2 P3 

24 27 30 0 



FCFS SCHEDULING (CONT.) 

Suppose that the processes arrive in the order 

   P2 , P3 , P1 . 

The Gantt chart for the schedule is: 
 

 

 

 

Waiting time for P1 = 6; P2 = 0; P3 = 3 

Average waiting time:   (6 + 0 + 3)/3 = 3 

Much better than previous case. 

Convoy effect short process behind long process 
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P1 P3 P2 

6 3 30 0 



SHORTEST-JOB-FIRST (SJR) SCHEDULING 

A s s o c i a t e  w i t h  e a c h  p r o c e s s  t h e  l e n g t h  o f  i t s  n e x t  C P U  

b u r s t .   U s e  t h e s e  l e n g t h s  t o  s c h e d u l e  t h e  p r o c e s s  w i t h  

t h e  s h o r t e s t  t i m e .  

T w o  s c h e m e s :   

 N o n  p r e e m p t i v e  –  o n c e  C P U  g i v e n  t o  t h e  p r o c e s s  i t  c a n n o t  

b e  p r e e m p t e d  u n t i l  c o m p l e t e s  i t s  C P U  b u r s t .  

 p r e e m p t i v e  –  i f  a  n e w  p r o c e s s  a r r i v e s  w i t h  C P U  b u r s t  

l e n g t h  l e s s  t h a n  r e m a i n i n g  t i m e  o f  c u r r e n t  e x e c u t i n g  

p r o c e s s ,  p r e e m p t .   T h i s  s c h e m e  i s  k n o w  a s  t h e   

S h o r t e s t - R e m a i n i n g - T i m e - F i r s t  ( S R T F ) .  

S J F  i s  o p t i m a l  –  g i v e s  m i n i m u m  a v e r a g e  w a i t i n g  t i m e  f o r  a  

g i v e n  s e t  o f  p r o c e s s e s .  
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EXAMPLE OF NON-PREEMPTIVE SJF 

  Process Arrival Time Burst Time 

  P1 0.0 7 

   P2 2.0 4 

   P3 4.0 1 

   P4 5.0 4 

SJF (non-preemptive) 

 

 

 

 

Average waiting time = (0 + 6 + 3 + 7)/4 - 4 
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P1 P3 P2 

7 3 16 0 

P4 

8 12 



EXAMPLE OF PREEMPTIVE SJF 

  Process Arrival Time Burst Time 

  P1 0.0 7 

   P2 2.0 4 

   P3 4.0 1 

   P4 5.0 4 

SJF (preemptive) 

 

 

 

 

Average waiting time = (9 + 1 + 0 +2)/4 = 3 
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P1 P3 P2 

4 2 11 0 

P4 

5 7 

P2 P1 

16 



DETERMINING LENGTH OF NEXT CPU BURST 

Can only estimate the length. 

Can be done by using the length of previous CPU bursts, using exponential averaging. 
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PREDICTION OF THE LENGTH OF THE NEXT CPU BURST 
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EXAMPLES OF EXPONENTIAL AVERAGING 

 =0 

 n+1 = n 

 Recent history does not count. 

 =1 

  n+1 = tn 

 Only the actual last CPU burst counts. 

If we expand the formula, we get: 

n+1 =  tn+(1 - )  tn -1 + … 

            +(1 -  )j  tn -1 + … 

            +(1 -  )n=1 tn 0 

Since both  and (1 - ) are less than or equal to 1, each successive term has less 
weight than its predecessor. 
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PRIORITY SCHEDULING 

A  p r i o r i t y  n u m b e r  ( i n t e g e r )  i s  a s s o c i a t e d  w i t h  e a c h  p r o c e s s  

T h e  C P U  i s  a l l o c a t e d  t o  t h e  p r o c e s s  w i t h  t h e  h i g h e s t  

p r i o r i t y  ( s m a l l e s t  i n t e g e r    h i g h e s t  p r i o r i t y ) .  

 P r e e m p t i v e  

 N o n  p r e e m p t i v e  

S J F  i s  a  p r i o r i t y  s c h e d u l i n g  w h e r e  p r i o r i t y  i s  t h e  p r e d i c t e d  

n e x t  C P U  b u r s t  t i m e .  

P r o b l e m    S t a r v a t i o n  –  l o w  p r i o r i t y  p r o c e s s e s  m a y  n e v e r  

e x e c u t e .  

S o l u t i o n    A g i n g  –  a s  t i m e  p r o g r e s s e s  i n c r e a s e  t h e  p r i o r i t y  

o f  t h e  p r o c e s s .  
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ROUND ROBIN (RR) 

E a c h  p r o c e s s  g e t s  a  s m a l l  u n i t  o f  C P U  t i m e  ( t i m e  q u a n t u m ) ,  

u s u a l l y  1 0 - 1 0 0  m i l l i s e c o n d s .   A f t e r  t h i s  t i m e  h a s  

e l a p s e d ,  t h e  p r o c e s s  i s  p r e e m p t e d  a n d  a d d e d  t o  t h e  e n d  

o f  t h e  r e a d y  q u e u e .  

I f  t h e r e  a r e  n  p r o c e s s e s  i n  t h e  r e a d y  q u e u e  a n d  t h e  t i m e  

q u a n t u m  i s  q ,  t h e n  e a c h  p r o c e s s  g e t s  1 / n  o f  t h e  C P U  

t i m e  i n  c h u n k s  o f  a t  m o s t  q  t i m e  u n i t s  a t  o n c e .   N o  

p r o c e s s  w a i t s  m o r e  t h a n  ( n - 1 ) q  t i m e  u n i t s .  

P e r f o r m a n c e  

 q  l a r g e    F I F O  

 q  s m a l l    q  m u s t  b e  l a r g e  w i t h  r e s p e c t  t o  c o n t e x t  s w i t c h ,  

o t h e r w i s e  o v e r h e a d  i s  t o o  h i g h .  
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EXAMPLE OF RR WITH TIME QUANTUM = 20 

  Process Burst Time 

  P1 53 

   P2  17 

   P3 68 

   P4  24 

The Gantt chart is:  
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P1 P2 P3 P4 P1 P3 P4 P1 P3 P3 

0 20 37 57 77 97 117 121 134 154 162 



TIME QUANTUM AND CONTEXT SWITCH TIME 
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SCHEDULING CRITERIA 

C P U  u t i l i z a t i o n  –  k e e p  t h e  C P U  a s  b u s y  a s  p o s s i b l e  

T h r o u g h p u t  –  #  o f  p r o c e s s e s  t h a t  c o m p l e t e  t h e i r  

e x e c u t i o n  p e r  t i m e  u n i t  

Tu r naro und  t ime  –  a m o u nt  o f  t i me  to  

exec ute  a  p a r t i cu la r  p ro c ess  ( f i n i sh ing  

t i me  –  a r r i va l  t i me)  

W a i t i n g  t i m e  –  a m o u n t  o f  t i m e  a  p r o c e s s  h a s  b e e n  

w a i t i n g  i n  t h e  r e a d y  q u e u e  

R e s p o n s e  t i m e  –  a m o u n t  o f  t i m e  i t  t a k e s  f r o m  w h e n  a  

r e q u e s t  w a s  s u b m i t t e d  u n t i l  t h e  f i r s t  r e s p o n s e  i s  

p r o d u c e d ,  n o t  o u t p u t   ( f o r  t i m e - s h a r i n g  e n v i r o n m e n t )  
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CLASS EXERCISE 

Process Time 

p1 6 

P2 3 

P3 7 

p4 1 
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Each team works on finding an average turnaround time for a  

quantum time at 1, 2, 3, 4, 5, 6, 7 



TURNAROUND TIME VARIES WITH THE TIME QUANTUM 

O P E R A T I N G  S Y S T E M  C O N C E P T S  



MULTILEVEL QUEUE 

Ready queue is partitioned into separate queues: 

foreground (interactive) 

background (batch) 

Each queue has its own scheduling algorithm,  

foreground – RR 

background – FCFS 

Scheduling must be done between the queues. 

 Fixed priority scheduling; (i.e., serve all from foreground then from 

background).  Possibility of starvation. 

 Time slice – each queue gets a certain amount of CPU time which it can 

schedule amongst its processes; i.e., 80% to foreground in RR 

 20% to background in FCFS  
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MULTILEVEL QUEUE SCHEDULING 
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MULTILEVEL FEEDBACK QUEUE 

A  p r o c e s s  c a n  m o v e  b e t w e e n  t h e  v a r i o u s  q u e u e s ;  a g i n g  c a n  

b e  i m p l e m e n t e d  t h i s  w a y .  

M u l t i l e v e l - f e e d b a c k - q u e u e  s c h e d u l e r  d e f i n e d  b y  t h e  

f o l l o w i n g  p a r a m e t e r s :  

 n u m b e r  o f  q u e u e s  

 s c h e d u l i n g  a l g o r i t h m s  f o r  e a c h  q u e u e  

 m e t h o d  u s e d  t o  d e t e r m i n e  w h e n  t o  u p g r a d e  a  p r o c e s s  

 m e t h o d  u s e d  t o  d e t e r m i n e  w h e n  t o  d e m o t e  a  p r o c e s s  

 m e t h o d  u s e d  t o  d e t e r m i n e  w h i c h  q u e u e  a  p r o c e s s  w i l l  

e n t e r  w h e n  t h a t  p r o c e s s  n e e d s  s e r v i c e  
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MULTILEVEL FEEDBACK QUEUES 
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EXAMPLE OF MULTILEVEL FEEDBACK QUEUE 

Three queues:  

 Q0 – time quantum 8 milliseconds 

 Q1 – time quantum 16 milliseconds 

 Q2 – FCFS 

Scheduling 

 A new job enters queue Q0 which is served FCFS. When it gains CPU, job 

receives 8 milliseconds.  If it does not finish in 8 milliseconds, job is 

moved to queue Q1. 

 At Q1 job is again served FCFS and receives 16 additional milliseconds.  

If it still does not complete, it is preempted and moved to queue Q2. 
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MULTIPLE-PROCESSOR SCHEDULING 

C P U  s c h e d u l i n g  m o r e  c o m p l e x  w h e n  m u l t i p l e  C P U s  a r e  

a v a i l a b l e .  

H o m o g e n e o u s  p r o c e s s o r s  w i t h i n  a  m u l t i p r o c e s s o r .  

L o a d  s h a r i n g   

A s y m m e t r i c  m u l t i p r o c e s s i n g  –  o n l y  o n e  p r o c e s s o r  a c c e s s e s  

t h e  s y s t e m  d a t a  s t r u c t u r e s ,  a l l e v i a t i n g  t h e  n e e d  f o r  d a t a  

s h a r i n g .  
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REAL-TIME SCHEDULING 

H a r d  r e a l - t i m e  s y s t e m s  –  r e q u i r e d  t o  c o m p l e t e  a  c r i t i c a l  

t a s k  w i t h i n  a  g u a r a n t e e d  a m o u n t  o f  t i m e .  

S o f t  r e a l - t i m e  c o m p u t i n g  –  r e q u i r e s  t h a t  c r i t i c a l  p r o c e s s e s  

r e c e i v e  p r i o r i t y  o v e r  l e s s  f o r t u n a t e  o n e s .  
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DISPATCH LATENCY 
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ALGORITHM EVALUATION 

Deterministic modeling – takes a particular predetermined workload and 

defines the performance of each algorithm  for that workload. 

Queueing models 

Implementation 
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EVALUATION OF CPU SCHEDULERS BY SIMULATION 
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PROCESS SCHEDULING MODELS 
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Linux Process Scheduling 

 
 2 separate process-scheduling algorithms 

 time-sharing: a prioritized credit-based  

Soft-real time: FCFS  and RR 

 

 only allows processes in a user mode to be 

preempted.    

 



SOLARIS 2 SCHEDULING 
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WINDOWS 2000 PRIORITIES 
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