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Scheduling: SMP and real-time
|/0 management

Ch 10 [Stal 05]
(Ch 20 [DDCO4], 11.4 [Tane01])

Ch11.1-115

SMP scheduling

» Master-slave
+ OS on the master
« Slaves execute user processes
+ What if master fails?

* SMP (Peer architecture)

* OS running on any CPU even simultaneously
+ re-entrant code
+ concurrenry and synchronisation
+ fault handling?

« Each CPU makes scheduling decisions

+ Shared READY-queue vs private ready-queues
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Thread scheduling

Order in which

threads run \

Process A Process B Process A Process B

L1 . Kernel picks a process \1. Kernel picks a thread E
Possible: Al, A2, A3, A1, A2, A3 Possible: Al, A2, A3, A1, A2, A3
Not possible: A1, B1, A2, B2, A3, B3 Also possible: A1, B1, A2, B2, A3, B3

(@) (b)

| (Fig 2-43 [Tane01]) |

n ULT: OS dispatches processes, thread library
- handles threads -> one process per processor

. nKLT: OS dispatches threads -> one thread per
processor

Load sharing

No processor idle, if there are processes/ threads to
execute
Threads can be run on any CPU

+ Threads of one process scheduled independently
Global Ready-queue

* Mutual exclusion

* Bottle neck?

Each CPU runs the scheduling routine

+ Any scheduling mechanisms is possible, for example FCFS
Most commonly used
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., » Gang scheduling

 Threads/processes of one gang run at the same time on
multiple CPUs - only one scheduling decision needed!

* Reduces synchronisation blocking

* Less process switches

Uniform Division \ Division by Weights
Group 1 Group 2 Group 1 Group 2

PE1

PE1

PE2 PE2

PE3 PE3

PE4 PE4

Time 12 1/2 . 4/5 1/5
—eeeeseeessssnl— {10 ———s———
37.5% Waste 15% Waste

(Fig 10.2 [Stal05])~

- Dedicated CPU assignment

« Part (or all) of the CPUs reserved for one application
+ Reservation ends only when the process ends
If a thread blocked, CPU is still allocated and idle
Advantages?
+ Avoid process switching, support priorities
+ Cache utilisation
Others may suffer
 Must have one or few CPUs for the others
Differences with gang scheduling?
* Here: no scheduling, no process switches
+ Thread always on the same processor
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Dynamic scheduling

scheduling

* New process
+ If enough free CPUs, allocate them

* If not enough available
+ deallocate CPU from another process
* requesting process must wait or
+ cancel the request
« When CPU is released
+ Allocate to a process waiting for its first CPU
+ Otherwise, allocate on a FCFS basis.

« Somewhere between CPU allocation and gang

« “First give what is available, and maybe later a bit more

Real-time systems

* Reacts to external events (and time)

o Terms:
+ Hard Real-time vs. Soft Real-time

+ Periodic vs aperiodic
« Static vs dynamic scheduling

 Requirements:

* In addition to the correct results, they must be reached
within a given time limit (not too early, not too late)

+ Configurable, deterministic, reliablity, responsiveness,
+ Programmers decide characteristics of the rt processes
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Interrupt handling delays
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RT scheduling
« Timely execution the most important issue
+ No fairness, no minimising the response time

« Os can only guess the actual execution time
* Programmer gives some estimates, period gives hints

* Quite often: just schedule rt-tasks fast
« High priority, predetermined schedule plan, others can suffer

10

« Two main alternative for dynamic scheduling

+ Earliest Deadline First (EDF)
+ Rate Monotonic Scheduling (RM)
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B1 B2
deadline deadline
Al A2 Al Ad AS
dead line dead line dead line dead line dead line
' ' ' '

R A TR 2
Arrival times, execution Al | A2 | Al Ad | AS |
times, and deadlines BL ! | ! ! B2 ! | ! [ ! ___
!] IIO 2:0 3.0 4.0 SIO GIO 'IIO SIO 9.0 1!10 Time(ms)
Fixed-priority scheduling; |A1| BI[A2]| Bl [ A3] B2 | Ad| B2 | A5 [BY | =

a

A has priority [} [} A E =
| ASB2
H H

i H AL A2 B1 A3 A4
. H . H i (migsed) | H .
. H . H .

Fixed-priority scheduling; | Bl | A2] [ A3 B2 | | A5 : o
B has priority ! ! [} ! A A T : [ . =
tAL ' 42 B A3 ' A4 ASB2
] (ml:l-sed} ! ! ! ! ! (ml:l-sed} ! !
Earliest deadline scheduling [ AL] BL[AZ] BY [A3[B2 A& W2 [AS N
using, com pletion deacllines : Y T L I I I ) -
A1 A i1 A3 A4 | ANB2

Fipure 10.5 Scheduling of Periodic Real-time Tasks with Completion Deadlines (based on Table 10.2)

Schedulability test EENESETERE]

+ Obviously for any schedule, the schedulable utilisation:

« Sufficient condition for schedulability using RM
scheduling
C/T, +GCIT, + .. + G/T, <= n(2¥" - 1)

N is number of tasks, the upper limit for the value is
In2 ~ 0.693 -> for any i _

+ For EDF the sufficient and effective condition is
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. What can gowrong ?
* Higher priority task may have to wait !

+ ... for a shared resource
* Priority inversion, deadlocks,

+ Solution:

+ Non-preemptable (uninterruptible) critical sections
* Priority inheritance

* Priority ceiling protocol

13

Priority inversion on
Mars Pathfinder (1997)

Task bc_sched
blocks on mutex \ detects overrun
heccfmes active 3 B
high priority
Task bc_dist T ----------
other tasks { I_L 'I_T' .|_T_
Vel RET IMET -_I. ______________
low priority
gets preempted
locks mutex

*http://research.microsoft.com/~mbj/Mars_Pathfinder/Mars_Pathfinder.html 1
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1/0 MANAGEMENT

Stallings, Luku
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Issue Read
command to
1/0 module

Read status

Read word
from /O
Module

Write word
into memory

Next instruction
(a) Programmed [/O

/O — CPU

Error
condition

CPU — memory

o

PU — /O
Do something
=" Pelse

Issue Read
command to
/O module

Read status
of /O
module

=== Interrupt

1/0 — CPU

Error
condition

Write word

into memory CPU — memory

Next instruction
(b) Interrupt-driven 1/O

Issue Read PU — DMA
block command Do something
to VO module []7~ Telse

Read status
of DMA
module

=== Interrupt

DMA — CPU

Next instruction

(c) Direct memory access

Kuva 1.19

DMA & Bus usage

Time

Instruction Cycle

Kuva 11.3 [StalO1]

Processor Processor Processor Processor Processor Processor
Cycle Cycle Cycle Cycle Cycle Cycle
——Pt—— Pt —— P

Fetch Decode Fetch Execute Store Process
Instruction | Instruction Operand | Instruction Result Interrupt
F § A
DMA Interrupt
Breakpoints Breakpoint
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DMA-controller «wai1.2

Scheduling
& Control

Directory
Management }

Physical
Organization

& Control

(a) Local peripheral device (b) Communications port

Device Device
1/0 1O
Scheduling Scheduling

& Control

(¢} File system

\

)
o
Data ()
Count ﬁ
- =
a - Dot 8
= Data Lines o ata =
=) Register Q
£ =
(U *  Address ‘_U
o — Address Lines # » Regi (U
~ >
—_— ,7
% DMA Request 3 s
DMA Ackllowldge;_# i g
Interrupt « S
Logic " —
Read » c
Write » o
19
Us .
Biisadts Logical 1/0
System calls

G Device independent
- file system. buffering

Device dependent

- devicedrivers

- queueing, ordering
- interrupt handling

Physical 1/0
Devices

- transfer, DMA
- interrupts
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Buffering

No buffering
+ Copied directly to the process’s memory area, that cannot be swapped
out

* Process need to know the size
« Single buffer

+ Device controller copies to OS memory and OS copies to the process
memory -> process can be fully swapped out

+ Read ahead, delayed write
Doubel buffer
+ Device uses the other buffer and the process other, once done switch
+ Generic model: Producer — buffer — consumer
Ring buffer
+ Covers variation of speeds between producer and consumer

21

Disk access delays & scheduling

Wait for Wait for Seek Rotational Data
Device Channel Delay Transfer

1T L] ] pom TN - T

Device Busy

|

(Fig 11.6 [Stal05])

« Random? FIFO? PRI? LIFO?
+ Not good, no usage of current position of the arm

« Considers the position
« SSTF
+ SCAN
+ C-SCAN
* N-step-SCAN ja FSCAN

22
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Disk scheduling

Table 11.2 Comparison of Disk Scheduling Algorithms

(a) FIFO (b) SSTF (c) SCAN (d) C-SCAN
(starting at track 100) (starting at track 100) (starting at track 100, in the (starting at track 100, in the
direction of increasing track direction of increasing track
number) number)
Next track Number of Next track Number of Next track Number of Next track Number of
accessed tracks accessed tracks accessed tracks accessed tracks
traversed traversed traversed traversed
55 45 90 10 150 50 150 30
58 3 58 2 160 10 160 10
39 19 55 3 184 24 184 24
18 21 39 16 90 94 18 166
90 72 38 1 58 32 38 20
160 70 18 20 55 3 39 1
150 10 150 132 39 16 55 16
38 112 160 10 38 1 58 3
184 146 184 24 18 20 90 32
Average seek 5% Average seek 275 Average seek 278 Average seek 358

length length length length
| 23

Logical sectors

+ Sequential sector numbers do not mean that the sectors will be sequentially
on the physical disk

« There are some extra sectors for fault detection and avoidance

+ faulty sector 123? Use a replacement sector 9876 with the loogical sector
number remaining still 123

+ Not visible outside the disk and its controller

+ device driver does not know about them!

¢ Thus the optimisation done by the driver (or kernel) may be based on faulty
information

+ On some disks the controller does the optimisation (reordering of the requests)
+ Knows the logical sectors and their physical location
¢ The driver should not optimise in this case

+ On some disks the driver can ask about the actual physical location %
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