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Scheduling o Schedulers for
batch systems

Examples of schedulers Batch Processing

Features of Batch Processing

Concrete scheduling methods . :
* Non-interactive systems

(no regular user processes)

 Job Management System accepts Jobs;
system informs about completion

* Typical tasks: long computations, software
compilation

1. for batch systems
2. for interactive systems
3. for real time systems
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Batch Processing
Historically:

* Batch operation with punch cards

* Program code and data on punch cards

* No I/O (no devices except card reader, printer)

* Card stack (batch) determines order of execution
* read program code from cards ...

* and data from more cards
* run computation i i

* punch results on cards or
print them

* neXt JOb Bild: http://www.fao.org/docrep/X5738E/x!

Hans-Georg Efer, FH Miinchen Betriebssysteme I, WS 2006/07 4. Scheduling (2) — Slide 5

Batch Processing

Schedulers for batch processing
* First Come, First Served (FCFS)
* Shortest Job First (SJF)

* Shortest Remaining Time (SRT)

* Three Level Scheduling
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Batch Processing

Modern batch systems

* standard machines (with disks, network, etc.)
* no interactive operation (no login etc.)

* Job management tool accepts jobs

* Long term scheduler decides when to start a
job - possibly based on information about
resource usage and expected runtime of the
program
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First Come, First Served (FCFS)

Simple queue

* Append new processes to the end of the queue
* Scheduler picks next process in the queue

* Process runs until finished or until it blocks
(cooperative scheduler, no preemption)

* Blocked processes move to end of queue when
they become ready again
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FCFS Example

Three processes Average time from
with compute times process creation to end:

T1: 15 units a) (15+19+22)/3 =18,67
T2: 4 units b) ( 3+ 7+22)/3 =10,67
T3: 3 units c) ( 3+18+22)/3=14,33
| 15 unis o |
o) [ 3unics | | 15 units |
c) ‘ 3 units H 15 units ‘_
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FCFS: CPU vs. I/O bound processes

FCFS prefers CPU bound processes

* While a CPU bound process runs, all the others
have to wait

* An I/O bound process will eventually execute,
but runs only shortly (until next 1/0) and then
has to rejoin the queue at the end

* Inefficient utilization of both CPU and 1/O
devices
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FCFS: Good for long processes

* FCFS prefers processes with long runtimes
* Example: 4 processes W, X, Y, Z

process | arrival time Sewiﬁ-e e start time end time Turnz}round T/Ts
w 0 1 0 1 1 1,00
X 1 100 1 101 100 1,00
Y 2 1 101 102 100 100,00
Z 3 100 102 202 199 1,99
flw ‘
X |
Y P
| Z
0,1,2,3 101 ,‘1 02 200,202
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Shortest Job First (SJF)

* No preemption (as in FCFS)

* Next CPU burst time of all processes is known
or must be estimated

* Strategy: Execute the process that will have the
shortest CPU burst

* minimizes average turnaround time of all
processes

* Principle was visible in the FCFS example
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SJF Example

in the FCFS example slide:
order of execution b) is SJF

a) ‘ 15 units ‘_ 3 units

b) | 3 units _‘ 15 units ‘
MEr| 15 unis | suns
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SJF Properties

General problem:
How can we know how long a process will run?

* Batch system; programmer must estimate runtime
-> in case of huge underestimation: cancel job

* system with a limited set of programs (always the same
load) -> aquire statistics about program execution times

*interactive prozesses: calculate averages of burst times
seen so far

Without runtime information this scheduling
method is only a theoretical option
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SJF Properties

[A2] Response time: overall much better,
but larger variance (some processes have a
worse turnaround or response time),
therefore:

[A4] bad predictability
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Burst Length Estimation (1)

Simple version: Mean Value

l < 1 n—1
S =—)> T.=—T + S
n+1 nlzzl i n n n n

mit:

T:: Length if the i"™ CPU burst of the process

S:: Predicted length of the i CPU burst

S;. Predicted length of the 1* CPU burst
(not calculated)
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Burst Length Estimation (2)

Exponential Average

S =aT +(1-)S, with a: weighing factor
between 0 and 1

Example: a=0,8:
§,=0,8T,+0,28,

$,=0,87,+0,25,=0,8T,+0,2(0,8T,+0.285,)
. =0,8T,+0,16T ,+0,045,

S,=0,8T,+0,25,=0,8T,+0,2(0,87,+0,16 T, +0,04 S,)
..=0,8T,+0,16 T,+0,032T ,+0,008S,
Betriebssysteme I, WS 2006/07
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Ovserved or average value
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Burst Length Estimation (4)

QD

——— O = (.8
——— a=0.5
—{1+—— Simple Average
—m—— Observed value

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time Bild: Stallings, S. 411
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Burst Length Estimation (3)

Exponential average, general formula:

n

S,o=2,(1—)"'«T, with T,:=S5,

i=0

0.8

. 0.7
Weight of an old o
measured value 3
constantly : 04
reduced £ 03
- data ,age"“ “ 02
0.1

0.0

Bild: Stallings, S. 410
Betriebssysteme I, WS 2006/07

Age of Observation
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Burst Length Estimation (5)

—o—a=05
——{1+— Simple Average
—&—— Observed value

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time Bild: Stallings, S. 411
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SJF & Priority Schedulers

SJF is a special case of Priority Scheduling
( —> Schedulers for interactive systems )

Priority(P) = 1 / L(P)

with L(P) = expected length of P's next
CPU burst

short burst time -> high priority
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SRT-Beispiel

Old FCFS example: SRT preempts X:
Y appears later but is shorter

process | arrival time Servigl_e e start time end time Turn?_round TdTs
w 0 1 0 1 1 1,00
X (1) 1 100 1 2 (%
Y 2 1 2 3 1 1,00
X @) 3 102 102-1=101 1,01
Z 3 100 102 202 199 1,99
fiw ‘
4 X
1Y%
| Z
0,1,2,3 101,‘102 200,202
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Shortest Remaining Time (SRT)

 Similar to SJF, but:

* preemptive

* Regular recalculation, how much execution
time remains

* Scheduler checks execution order every time a
new process is created

* For a shorter job (including new ones) system
will preempt the active job

*Needs a good runtime estimation (as with SJF)
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Three Level Scheduling

With batch systems scheduling can be split into
three components:

New

Long-term

Long-term scheduling

scheduling

(’iﬁ“‘lﬁﬁ —>(Ready AP(unning (Exit
P Medium-term Short-term

scheduling scheduling

g:l‘:k;tg —————( Blocked
1 Medium-term
scheduling Bild: Stallings (S. 395)
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